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Abstract
Quantitative surveys of the intertidal macro-famere conducted during September-October 1998 al@rgsects
established at various locations along the Nigesistline, following the rupture of a 24-inch pipelat Idoho, off the
Gulf of Guinea, southeastern Nigeria on 12 Jand&888. Samples were taken within impacted areasaamdntrol
unpolluted sites approximately 5 km to the eaghefldoho off-shore platform. Spilled oil movegidly ashore and
into river mouths, and estuaries and their mangadstly after the spills. Biomass of macrofaunghi@ impacted areas
tended to decrease with level of oiling, as the nmalaundance decreased rapidly to about 50% off¢liaid on the
control unpolluted sites. Edible gastropod, maspgcies oTympanotomus fuscatuend the brachyuran decapaita
tangeri, typically consumed by coastal inhabitants, hadicédn in mean densities (up to 62%) in the oilezhiBy,
Brass, Lagos and Forcados than in the non-oileasasElmo, Andoni and Cross River, showing pargglovery of the
environment from the debacle after 9 months. Tdwodogical implications of these findings are disec

Introduction
A 24-inch oil pipeline ruptured at Mobil-ldoho platm on the inner shelf of the Atlantic coast of
southeastern Nigeria on 12 January 1998 releasieg4®),000 bbls (approxi-mately 6,000 tones)
of Qua Iboe light crude oil into the marine enviment over the next three days. More than 700
km of the Nigerian coastline including estuariesenvenpacted. Within the impacted zone were a
number of macro-benthic communities, the dominggcies of which included the edible
gastropod,Tympanotomus fuscatuke Ocypodid brachyurahlca tangeriand Ocypode cursor,
and several species of bivalves and polychaetese ®6 the estuaries that were oiled are known
to be subject to pollution from a number of sounceduding hydrocarbon, sewage, metal, etc.,
showing that the spill was not in a pristine ennim@nt. It was, therefore, essential to include as
many factors as possible in the sampling programenh@ok at the spill effects.

In September 1998, 9 months after the oil came rashe rapid assessment survey was
conducted at nearly all the estuarine/river moalbag the Nigerian coastline both within the oil
impacted estuaries and at the clean control sitanfeast of the ruptured point. This included
measurement of physical and chemical parametesea@afwater, and presence and absence of
typical macrobiota, together with estimates of allebundance at each site. Analysis of biota
and physical characteristics demon-strated thatllardnge of Nigeria coastline habitat was
present within the impacted area (Ewa-Oboho, 1998).separation and classification of
intertidal habitats were possible on the basis atnobiota alone, this survey demonstrated that
earlier predictions of massive species eliminati@re unfounded, and the result provided the
basis for selection of permanent sites for longemtstudies published elsewhere (Ewa-Oboho,
in press). Nine months after the spill, a numberspécies (diversity) and individual species
abundance were still lower at oiled areas in comparwith similar habitat clean control site.
While normal diversity appeared to be the casewttide levels of most impacted estuaries, the
mid and the high tidal diversities ranged from @@%5% of the diversity on control sites.

One major problem plaguing marine biologists is ithentification of short-term impacts of
spill petroleum hydrocarbons on off-shore maringiremments due to the open, complex and
very dynamic nature of the system (Boesch & RosenbE981). This is because effects are
usually subtle, requires much funding and the @lé\experimentation great. In most cases,
natural variability in space and time often ovedkha impact effects or confounds the resolution



of such effects (Mcintyre & Pearce, 1980; Lewis 2:98lark, 1982; Koons & Gould, 1998; Ewa-
Oboho, 1988, 1994).

Limits of detection which are dependent upon tha@ing design could plague identification
also. Insensitive methods using design with panvgrs are capable of detecting only the gross
effect, and have little to contribute to determimatof potential subtle effects (Boes&t
al.,1986). Effects of other human activities may ctogpe assessment, as practical difficulties
are encountered in the comparisons of various ases assignments of cause of observed
alterations among users. Besides, ecosystem compaura complexly interralated and variation
or alteration in one biotic components may havetlsulbepercussions in another, thus,
contributing to the lingering uncertainty about @uiate understanding of the effects of off-shore
oiling.

Recovery gaps do exist about the process and ddtescovery of living resources and
ecosystem after oil perturbation. Thus, time regplifor a system to recover, however defined,
can be use as a measure of significance of thieefaitt (Oviattet al. 1992, 1994). As Sedét al.
(1995) has demonstrated, the natural recovery mokesmopical oiled intertidal habitats elsewhere
may take at least 5 years while McGlade & Price98)9predicted 6-10 years. This paper
summarizes results from quantitative surveys ofrofaata 9 months after oiling using standard
techniques, designed to be capable of detectingdbece of environmental change which could
be considered unacceptable.

Materials and methods
Sampling methods and locations
The sampling area stretched from a control locattokm east of the pipe break point in Cross
river estuary (4€2:.06" N and 0804":46" E) to Takwa bay (Lagos) 067" N and 0332:51"
E) (Fig. 1) approx. 700 km east of the spill spave heavily oiled estuaries (R. Bonny, R. Brass,
R. Forcados, R. Escravos and Lagos Lagon), togettibrfour unoilded ones (R. Imo, Cross
river, Qua river and R. Nicholas) (Fig. 1) were shio for sampling. Also, Bonny, Sangana, New
Calabar, Andoni and Nun rivers were sampled atoandn total 104 stations were sampled
during the period 15 September—30 October 1998. Treeks were sampled per river, two
transects per creek and two stations per transect.
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Fig. 1. Shoreline oiling map from aerial video seywon 16, 17 and 28 January 1998 showing oiledsaazng the
Nigeria coastline

Sampling stations were positioned at two shorelsevepper eulittoral (UE) and middle
eulittoral (ME) together with the subtidal fringehen tides allowed, based on biotic zonaton
(Jones, 1986). Epibenthos was sampled by takirg rimdom 1 cfquadrats, and macrobiota
recorded as percentage cover, or counted wherem@ge. On soft bottom sites, a 0.25anea
was initially sifted by hand for microbiota and thall surface material scrapped (to 10 cm depth)
and sieved. This allowed discrimination betweee @nd dead mollusks. Infaunal benthos were
sampled by tripricate 0.14tores to a depth of 15 cm. These were sieved wsibhgnm mesh
and fauna preserved in formalin for identificatiamnd counting under a stereomicroscope. Only
heads were counted for broken polychaetes. Avestai®on values of abundance and biomass
were used for analysis.

Records from key species sheets were entered iotonputer and subjected to the following
methods of analysis to determine similarities befwstations and shore levels based on species
lists. These included:

i) Principal component analystsased on species presence and absence data.

i) Covariance matrixusing species presence at more than two statous,

iii) Hierarchical agglomeration(cluster analysis) using Tanimoto and Kulazynkilices
(Jones & Richmond, 1993; Prena, 1996). Both pradcipomponent analysis and cluster
analysis separated sand, mud and mangrove hatiéaidy based on biota alone, confirmed
by comparison with physical data collected fromresite and provide a habitat classification
for all sites for future longer-term observatioom@&EOboho, 1998; Jones & Richmond, 1993;
Joneset al.,1996).

Sediments
Sediment grade analyses and organic carbon measutenvere made on replicate samples

collected from undisturbed sediment at each stati®@ediment samples were obtained with a

corer down to a depth of 10 cm. Their salt conteas removed in the laboratory (McManus &

Buller, 1975). Sediment grade analyses were cawigdby dry-sieving and pipette analysis

(Buchanan & Kain, 1977), while the organic contehtsediment was determined by the wet

dichromate oxidation method (Morgans, 1956).

Results
Environmental setting — physical conditions
Based on numerical analysis, sediment distributionthe creeks of the estuaries were
predominantly silt-clay (72—95% silt clay) (Table In the sublittoral areas along river channels
and at river mouths, sediments were mostly sangl pgwuhaps to the high water velocity in these
environments. The mean values of silt-clay perrrig@eek) was 90%. Sediment in Lagos,
Forcados, Brass, Qua Iboe, Imo and Cross River ligtl organic carbon content with
corresponding low species diversity (Table 1, R.Z5R Though sediment could represent an
important source of food for sediment-dwelling thers, the low number of species found in
Lagos, Forcados, Brass and Bonny, despite highepgrge organic carbon, could be attributed to
the presence of toxic hydrocarbons bound to thg-gila sediment. Generally, high values of
organic carbon were found in the oiled areas agpaoed to that in the unoiled control estuaries
(P < 0.05 F-test One-Way Anova).

TABLE 1
Sediment distribution and percentage organic carbontent in oiled and control estuaries with copesding
number of species



Locations Silt clay % Sand % Organic carbon % Gpediversity (H)

Lagos 95 5 6.5£3.0 6
Escravos 87.4 12.6 8+0.2 8
Forcados 91.4 12.6 5.9+03 6
Bonny 725 27.9 4.6+0.2 10
Brass 86.1 22.1 5.3+0.2 5
Andomi 85.8 13.9 1.840.2 20
Imo River 89.2 10.8 1.840.2 18
Cross River 95.3 4.7 2.6%0.2 18

Benthic survey

To reduce the risk of considerable error in staastcomputation, benthic counts in this study
were transformed to normalized data and increaseigion, using the log-transformation. This
eliminated the dependence of variance on meansAfdsine transformation which is especially
appropriate for percentages and proportions was aiplied where necessary. A total of 3,264
organisms, comprising species of macro-zoobenthimg, were collected during the survey.
Polychaetes and crustaceans dominated by speciesianber (31.2%, 55.6%) and (20.8%,
28.9%), respectively. They were followed by molkit6.9%). The mean biomass contributed
by each of the three major taxa is shown in Tabl€h&re was no correspondence between the
distribution of biomass and the position of clustérhis is reflected in the high variance of the
mean biomass within the clusters. Generally, howevi@mass decreased with level of oiling
(Table 2), the highest biomass occurring in clsstérslight or no oiling. Thus, the biomass of the
macrofauna in the oiled area in the Niger deltgedneral, appears to be dominated by molluscs.

TABLE 2
Species and biomass distribution of major taxaelation to level of oiling in the study area, 1998

Cluster Polychaetes Mollusks Crustaceans
Species Ind. Biomass  Species Ind. Biomass Specidsd. Biomass

Heavily 15.8 432 1.0 12.7 265 1.6 17.2 182 0.9
oiled
Lightly 18.5 586 1.7 15.1 400 35 20.1 601 2.2
oiled
No oil 17.2 448 24 18.3 368 4.8 12.3 321 2.3

Control 18.7 526 21 20 652 3.8 48.9 626 2.0

The stations (rivers) were grouped on the bastheif degree of oiling after the spill, namely
heavily oiled, lightly oiled, no oil and control.able 3 shows the mean abundance of the five
most abundant macro-zoobenthos in each cluster.ngnbe three main taxa polychaetes,
molluscs and crustaceans), polychaetes had theegstigbpecies number per station while
crustaceans had the lowest in all clusters (Taplén3terms of abundance, all clusters, excecpt
the control, were numerically dominated by polydbae(Table 3). The specigSapiteilla
capitata and Polydora dominated the heavily oiled cluster while the spe&colopus fragalis,
Nereis and Megalone papillicomisnvere the dominant polychaetes in the no oil clugb®mo
river), Noticeable, however, were high densitiesnofluscs in the control cluster (Cross river).

TABLE 3



Mean abundance of major taxa in relation to leviebiting

Cluster Species Mean Numerical Presence (%) ré&zegf Degree of
abundance dominance association association
(Ind. m2) % regarding concerning

individual (%) stations (%)

Heavily Oiled Nereis sp. 86 9 30 92 74
(Escravos, Lagos)Capitella capitata 98 10 86 30 88
Polydora 80 8 86 65 50
Aphrodite aculeate 62 6 94 25 21
Uca tangeri 126 3 920 36 68
Light oiled Syllis protifera 68 7 100 28 81
(R. Brass)
mud, sandy Nepthys sp. 79 7 82 45 25
Mya arenaria 85 9 84 62 30
Balanus balaniodes 112 13 96 25 80
Uca tangeri 60 11 64 78 72
No oil (Imo R.)  Tellina fibula 90 5 22 16 65
sandy, mud
Tympanotomus
fuscata 510 3 78 38 30
Mya arenaria 102 6 88 7 45
Balanus balaniodes 46 3 72 16 60
Uca tangeri 128 9 94 25 12
Control Glycera 52 8 100 16 65
(Cross River)
Mya arenaria 56 8 100 38 30
Thais califera 40 6 89 7 48
Uca tangeri 120 15 100 16 60
Tympanotomus 174 18 72 55 12

fuscata

Fig. 2 shows species abundances in relation teptage organic carbon for the impacted and
the un-impacted estuaries. Mean abundance of spdelereased rapidly to about 50% of that
found on the control and the unimpacted areas potiichaetes as the dominant taxa. The surge
in sediment organic carbon as found in Qua riverdctde ascribed to the chronic discharge of
hydrocarbons in Ibeno oil terminal operational aflae mean spatial species abundance for two
edible macro-benthogympanotomuguscata,and the fiddler crablJca tangeri,are shown in
Fig. 3. After 9 months of oiling, mean populatioengdities were 58-62% in the oiled areas of
Lagos, Brass and Bonny than in the no oil aredsofriver, Andomi and the controls areas of
Cross river, where densities of 280 and 250 indiaid mz were recorded for periwinkles and
crabs, respectively. This showed that recovery yedado be achieved at the mid and high tidal
marks.
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Fig. 4—-7 plot mean population densities for oppadtic polychaetes sampled quantitatively
from oiled areas of Lagos, Escravos, Brass and amad non-oiled areas of Andoni, Imo and
Cross River (control) at high and mid-tidal level$fie polychaetes familgapitellidaeincludes
several opportunistic species, e@apitella capitataand Heteromastus filiformiscapable of
reaching high densities in the presence of abundaganic detrital food and absence of
competitors. Fig. 4 shows the increase in populatiensity ofHeteromastus filiformgor the
oiled compare with the non-oiled areas. As whtbteromastughere is a dramatic increase in
abundance of Polydora (Fig. 5). The population idgmd C. capitatawas not as dramatic as in
other species (Fig. 6). Mean populatiorN&reissp. was found to have reduced when compared



with densities at the non-oil sites and the contitbugh densities reached were not as high as
with other species (Fig. 7).

35'| Palydora ,ﬁ;
4 304 . ]
@ ] | 1
&
g 254 |
== i
=] i
fE'- 204 e
= ‘
g 154 ‘
o
2
@ 104
]
]
5 5
11
=
0 o e AR
Lagos  Escravos Brass Bonny N Calabar  Andonl Ima
| Oiled Areas Control Ln-Ohiled Areas
Fig.4. Mean population density Bblydorasp. in the oiled and non-oiled area (HTL/MEL 1998)
40+
Capitella
=1
W
L 304
z
2
L1¢]
L
e
E 2p
=]
sl
2
:‘u_:
o 10+
y
=
T
L]
=
0 - " - G TR
Lagos  E=cravos Brass Bonny N Calabar  Andoni Imo
| Oiled Areas { Eonitol Un-Oiled Areas

Fig. 5. Mean population density Gapitellasp. in the oiled and unoiled areas (HTL.MEL 1998)



MNereis

Mean Densities (0.1m ? Mereis Sp.

Lagns Escravos  Brass Bonny N Calabar  Andon [

B | Oiled Areas
Fig. 6. Mean population density Neriessp. in the polluted and unpolluted areas (HTUMTIO8P0

Discussion
Sediment
Particle grade analysis showed that sediment inréggon was mostly silt-clay with small
proportions of sand, conforming to that of most grame ecosystems previously studied
(Macnea, 1968; Dangana, 1980; Ekweozor, 1985; Ot®87; Ewa-Oboho, 1988, 1993, 1994).
This stems from the fact that the sampling locatiomere mostly sheltered, which favoured the
depositon of high volumes of silt carried in fromnyoffs and adjoining rivers. The organic
matter content of silt-clay presumably plays soritel vole in attracting deposit feeders to this
habitat. Fine silt and clay generally represenstable wave and current regime, but are
structurally homogeneous.

A heterogeneous sediment of varying particle sixe@symore structural heterogeneity and
potential niche spaces and, therefore, higher epativersity. The low zoo-benthic diversity
observed in the area was perhaps because the bisttomst sites sampled was soft mud of
silt/clay sediment. Under the circumstances, benthfaunal species are faced with anoxic
environmental conditions caused by abundance ofolmés which constantly use up oxygen.
Besides, the constant clogging of fine and delioadephological structures, hindering respiration
and feeding, even in the presence of abundancegahiz matter, is also a critical factor limiting
faunal densities in soft muddy bottoms prevalenhesurvey.

The level of organic carbon of the sediment is omiactor that influences the distribution of
benthic fauna, especially the deposit feeders (Bewalk 1976). Higher levels of organic matter
favour higher densities and species diversitiesmafcrozoo-benthos in marine sediments
(Beukema, 1976). Increased organic carbon of sedilees been associated with major oil spills.
Together with the high clay/silt sediment chardstes of the area, it was not surprising,
therefore, that the major substrate types in Lagssravos, Brass and Forcados had significantly
higher percentage organic carbon in the sedimethamarboured lower fauna densities in the
oiled than in the unoiled areas (Table 1). Thisreleges in density could be ascribed to the long
period of stay of petroleum hydrocarbons within fine/clay sediment particles, thus, prolonging
the toxic effects.



Faunal population densities

Impacted benthic communities usually respond tn@itress, the extent of which depends on
the severity of the oiling. In most severe casefsunal communities suffer drastic reduction in
densities (Ewa-Oboho, 1988, 1994; Levell, 1975)y@nfew opportunistic species will be found
in large numbers shortly after-spill. In simulated spill studiesUca juvenileswere found
massively exterminated by oiling of the Bonny mudt f(Ewa-Oboho, 1994). Usually,
opportunistic species are stress-enduring with \targe population size and relatively high
reproduction rates. They invade stressed envirohmdrere they may grow to very large
numbers. Following the Odoho oil spill, one camréiore, determine the post-impact on infaunal
communities by comparing (a) degree of invasion dpportunistic groups, (b) degree of
opportunism of the species that invade the areh(@mmean densities of indigenous species.

In the study, three opportunistic polychaetes wgwerally observed, nameBolydora sp.,
Heteromastus filiformisand Capitella capitata Using the above criteria, it was possible to
ascertain the effect of the spill on the benthosstlly, the area densities &folydora spp.,H.
filiformis and Capitataspecies, at the oiled stations (estuaries) were rtfean densities at the
unoiled estuaries, suggesting the apparent stabflibpportunism demon-strated by the species.
As tropical estuaries are constantly under strem® fvarious toxicants and stress induced by
constantly changing environmental factors, oppadstunhas become an important biological
phenomenon in the estuaries whether oiled or hos,texplaining the occurrence Bblydora
sp., H. filiformis and C. capitatain the control (Cross river) and the unoiled esasgof New
Calabar, Andoni and Imo rivers (Fig. 4, 5 and N§).compatible earlier records are available to
compare with the densities and number of most spamesently found, because of the variety in
sample sizes and instrument employed in the relstifiew earlier studies. However, the distinct
differences in species density, as illustrated iop B, 5 and 6, leave little doubt that this is a
persistent phenomenon.

Coarse sand and high current habitats close tonthehs of the estuaries of Bonny, Imo and
Cross rivers may explain the low species densitighese areas. The physical stress exerted by
water movement on the bottom may be an obviousofdaawolved. This could cause fragile
species to be mechanically removed, preventingiitsdrom colonizing an area or food particles
from reaching the bottom. With a sparse food supgdynpetition will be severe, which can lead
to a reduction in the number of individuals andcggp® The mudflat crabs and periwinkles were
found to have reduced in number after the 1998ssmihen densities were compared with earlier
records and control clean sites (Ewa-Ohoho, 199841 It may well also be that reduction in
densities of these species, particularly the pekigs, could be due to human interaction, being a
source of food for most communities in the area.

Although a comparison between previous and presatat on faunal biomass is hampered by
large variance and sampling grid, some generadtagmpeared to be consistent, nhamely that
biomass of species generally decreased with sgwariviling (Ewa-Oboho, 1994). This was the
case in the present studies as biomass of tax&atesat with oiling effect. The high biomass
values of muluscs could be due to the large numbieasfew large individuals oAbra species
collected during this period. As species diversityimpacted locations has not improved after 9
months of the spill compared with the control sitesruitment for replacement of species must
have been slow, showing that the environment isdlaeas had not recovered 9 months after the
spill. This generally agrees with the time-scale fiall recovery of mangrove swamps from
spilled oil effects, which is between 2-3 years gaboho, 1998; in press).

Conclusion
Some of the inferences drawn from this study avenbiss of macro-fauna decreased with severity
of oiling. There was evidence of adverse effectthefoil spill on benthic infaunal organisms 9



months after spills, as mean densities of organisne®ntrol areas were different from those in
the oiled and unoiled areas. There was clear ev&ledf some opportunistic species (e.qg.
Cepitellasp. andPolydorasp.) tending to increase in numbers but this cabaatlearly ascribed

to the Idoho oil spill, as the area is consisteatiger stress of organic infusion from urban wastes
as well as minor occasional oiling. The edible ggsid Tympanotomus fuscatusnd the
ocypodid crabJca tangerishowed significant reduction in mean populationsitées in the oiled
area when compared with densities in unpollutesksit is possible that these cannot be ascribed
to the spill as these animals may have been fistiedbod by the inhabitants of these areas.
Reduction in densities could, therefore, have s also to direct human intervention in the
area.
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