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ABSTRACT

Chironomid larvae and pupae were studied in selected sections of Eriora River, Delta State, Nige-
ria with the aim of identifying taxa assemblages and analyzing their response to water quality pa-
rameters. Macroinvertebrate samples were collected in four stations along a forested ecotone using
the kick sampling technique over a six-month period. A total of 12 chironomid species comprising
of 1081 individuals were collected. The most abundant taxon was Cricotopus sp., (23.5%) fol-
lowed by Orthocladius sp. (20.0%). The chironomidae responses to environmental variables were
evaluated by means of biological measures and canonical correspondance analysis (CCA). The
abundance (numbers) of chironomidae differed significantly (p<0.05) both in space and time. Low
abundance and diversity of chironomids were reported (both species and numbers) in station 3 and
4 while the highest number of taxa and individuals were recorded in both station 1 and 2. Conclu-
sively, chironomid communities in Eriora River were deeply affected by organic nutrient enrich-
ment, canopy cover and dissolved organic matter.

KEYWORDS: Canopy cover; chironomid assemblages; physical and chemical parameters; even-
ness; diversity indices.

INTRODUCTION bioindicators of water quality (Pinder 1995).

Chironomidae, the family of Diptera
commonly called ‘“non-biting” midges are
ubiquitous in aquatic systems and often are
the dominant group of the benthic invertebrate
fauna of streams both numerically and in spe-
cies richness (Coffman and Ferrington, 1984;
Freimuth and Bass, 1994; Epler, 2001;
Arimoro 2009; Marziali et al 2010; Arimoro
et al 2011, Arimoro 2011). They are a useful
group for exploring the abundance-
distribution relationship due to their ecologi-
cal importance as well as to the applied as-
pects of environmental health monitoring. Be-
sides representing one of the most species-rich
and abundant group in most aquatic environ-
ment, chironomids also present a range of life
history that differs markedly, for example, in
life-span, locomotion, feeding habits and
physiological tolerance to oxygen deficit
(Pinder 1986). Because of their abundance
and known sensitivity to difference in water
quality, chironomidae have long been used as

In this study, both the larval chi-
ronomid fauna of Eriora River and the effi-
ciency of the physicochemical variables and
substratum structure to distribution of the lar-
vae were discussed. In the face of changing
and intensifying human activity in the catch-
ments draining into the river, there is a need to
assess the current status of water quality in the
river and to test protocols for future monitor-
ing. This study was therefore designed to gen-
erate information that could strengthen man-
agement strategies for Eriora River in particu-
lar and similar streams in Delta State, Nigeria
in general.

MATHERIA AND METHOD
Description of Study Area

The Eriora River is a short stream
(about 60 km length) located in the Delta State
Nigeria. It lies between latitude 5°.25[7 and
5°.3500 N and longitude 6°.071 and 6°.11E
(Fig. 1). The stream is fed principally by
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ground seepage from an aquifer in the thick
rainforest zone of Kwale axis of Delta State,
Nigeria and also by precipitation, and surface
run off from the riparian communities. It
flows through the main town of Owhelogbo,
Ozoro, Olomoro in Delta State and empties
into the Atlantic Ocean via the River Niger.
The climatic condition of the area is quite sta-
ble with two distinct seasons; wet (April to
October) and dry (November to March), with
average temperature of 28°C during the wet
season and 32°C during the dry season. The
river is an intermittent stream that dries up
during the dry season.

Four sampling stations were chosen to
cover the environmental gradient from refer-
ence to slightly impacted stations and care
was taken to avoid strong altitudinal/
longitudinal gradients.

Station 1 is located about 5 km downstream
from the source at Ozoro along the Ow-
helogbo-Ozoro road. The riparian vegetation
at the station consists of Symphonia globifena,
Alstonia congesis, Oxystigma manni, Ma-
trogyna ciliata, Fussiaera repens and Xylopia
species. Canopy cover here is dense with wa-
ter flowing under narrow channel. The stream-
bed consists predominantly of loam and silt
with fallen leaves and wooden parts from
fallen trees.

Station 2 is located at Akiewe just by the
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boundary between Akiewe and Otor-Owhe
along the Ozoro-Ughelli road. The stream sub-
stratum 1s covered with coarse sand with an
average depth of 17.5cm and width of about
3.7cm. Canopy cover is about 65% consisting
of mixed vegetation with in-stream vegetation
comprising of Pistia stratiotes, Nymphaea.
sp., Commelina and Panicum repens. The
river flow is quite swift here and it is rela-
tively free from human activities due to its lo-
cation away from human settlement.

Station 3 is situated at Otor-Owhe some 3km
downstream of station 2 and along the SPDC
oil installation (flow station) road. The stream
is dark in apperance here with a lot of fallen
leaves and sticks. Flow rate here is reduced
when compared to that of station 2. Canopy
cover is about 60% and in-stream vegetation
consists of Azolla africana, Nymphaea. sp,
Commelina. sp, and Bambusia. sp.

Station 4 is located at Olomoro some 1.5km
downstream of station 3 and very close to Olo-
moro Comprehensive Secondary School. The
riparian vegetation cover is about 60% and is
made up of mixed forest with the Bambusia.
sp being the most predominant. Others are
Pandanus. sp, Elaeis guineensis, and Mi-
tragyna ciliata. The substratum consists of
coarse sand mixed with mud and plenty of
fallen leaves from the predominant Bambusia

sp.
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Figure 1. Map of
Delta state showing
the location of
Eriora River and the
sampling  stations.
Inset; map of Africa
showing the location
of Nigeria and map
of Nigeria showing
the location of Delta
State.
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Physical and chemical variables

At each sampling station the following physi-
cal and chemical variables were measured:
Dissolved oxygen (YSI 55 dissolved oxygen
meter), temperature (0-100°c mercury in-glass
thermometer), pH and conductivity (Hanna HI
991300/1), Water samples were taken for
analysis of nitrates and phosphates were
measured spectrophotometrically after reduc-
tion with appropriate solutions (APHA 1992).

Chironomids sampling

Kick samples of chironomids were collected
bimonthly (May—November 2010) with a D-
frame net (500-um mesh) within an approxi-
mately 25 m wadeable portion of the river.
Four 3-min samples were taken on each sam-
pling visit to include all different substrata and
flow regime zones. The four samples were
then pooled, representing a single sample for
each station. Samples were sorted in situ, ex-
amining single quotes of material in white
trays. A part of the sediment collected during
the sampling, for each sample, was brought to
the laboratory to further check for the pres-
ence of small taxa. This was preserved in
70% ethanol. In the laboratory, samples were
washed in a 500- p m mesh sieve to remove
sand and macroinvertebrates were sorted un-
der a stereoscopic microscope (magnification
10X). All animals were separated and enumer-
ated and identified under a binocular dissect-
ing microscope. Chironomids species were
identified using relevant diagnostic keys
(Merritt and Cummins 1996; Pennak 1978;
Cranston 2000; Epler 2001; Day et al 2002).

Statistical analyses

The range, mean and standard error for each
parameter and station were calculated. Physi-
cal and chemical features of stations were
compared using one way ANOVA on log (x +
1) transformed data except for pH. Fixed ef-
fect ANOVAs were performed using dates as
replicates. Significant ANOVAs (P < 0.05)
were followed by post hoc {Tukey Honest
(HSD)} tests to identify differences between
station means. Canonical correspondence
analysis (CCA) was used to evaluate relation-
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ships between chironomid communities and
environmental variables with Environmental
community analysis (ECOM) package
(version 1.33, Pisces Conservation Ltd., 2000
http://www.irchouse.demon.co.uk/
index.html). CCA is a powerful tool for sim-
plifying complex data sets and, being a direct
gradient analysis, it allows integrated analysis
of both taxa and environmental data (ter Braak
and Smilauer 2002). Before using CCA, vari-
ables that covaried with other variables
(Pearson correlation r > 0.80, P < 0.05) were
removed. In addition, variables were log
transformed {log (x + 1)} before the CCA
analysis to prevent extreme values (outlier)
from unduly influencing the ordination. Spe-
cies-environment correlation coefficients pro-
vided a measure of how well variation in com-
munity composition could be explained by
individual environmental variables. Taxa rich-
ness (Margalef & Menhinick indices), diver-
sity (Shannon, & Simpson dominance indices)
and evenness indices were calculated using
the computer BASIC programme SP DIVERS
(Ludwig and Reynolds, 1988).

RESULT

The physical and chemical status of Eriora
River

The waters of Eriora River are, in general,
somewhat dark coloured, acidic with low pH
values ranging from 4.4 to 4.8, reasonably
well oxygenated (10.4 - 12.0 mg/L), of low
conductivity (<56.0 uScm™) except in station
3 where conductivity reached up to 88.2 uScm
! during the peak of the rainy season (Table
1). Nitrates values ranged from 0.70 in station
3 to 1.6mg/L in station 4. Phosphates ranged
from 0.1 in station 1 to 0.29 mg/L in station 4.
Repeated measures ANOVA showed that air
& water temperatures, flow velocity, dis-
solved oxygen, were not significantly differ-
ent (p > 0.05) among the various stations sam-
pled. Biochemical oxygen demand (BOD),
nitrates and phosphates values were however
significantly higher (p < 0.05) in station 4.
Biochemical oxygen demand (BOD) values
were highest in station 4, followed by station
3,2 and 1 in decreasing order of magnitude.
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Distribution and composition of chi-
ronomid community in the study area
There were 12 different chironomid taxa at the

four stations with richness at individual sta-
tions ranging from 4 to 8 taxa. Two chi-
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dance and distribution.

Temporal variation in macroinvertebrate
abundance
Total chironomid abundance (no. of individu-

als) varied significantly among months and
inversely with depth suggesting strong sea-
sonal effects. It increased progressively from
May to November with a peak in November
in all the stations sampled.

ronomid taxa, Chironomus transvaalensis,
and C. fractilobus species were found in all
the four stations (Table 2). Some sensitive
chironomid species, Polypedilium and Clino-
tanypus were restricted to station 1, while on
the other hand, somewhat tolerant species
Cladotanypus was restricted to station 4 only.

Table 2: The occurrence, relative abundance
of macroinvertebrate species at the four sta-
tions of Eriora River, Delta State, Nigeria

Cricotopus sp. was the major taxa with a rela-
from May to November, 2010.

tive composition of 23.5% followed by Ortho-
cladius sp. (20.0%) and Chi-

ronomus lransvaalenszs TAXA Code Station | Station Station Station Total %
(18.7%). Others were Chi- — , ! 1 m v
Sub family Chironominae
ronomus fractilobus ~ With [T Tamyarsus sp. Tan |0 14 0 0 14 1.3
14.8% and Paratrichocla-|2 | Pobpedilum sp. Pol |9 0 0 9 0.8
dius sp. with 11.7% of the 3| Cryochironomus sp. Cy |© ° 0 ° 0.8
) . . ) 4 Cladotanytarsus sp. Cla 0 0 5 5 0.5
tOtal Chlronomldae abun_ 5 Chironomus transvaalensis ChiT 28 52 56 66 202 18.7
dance. Ablabesyia Sp. and 6 Chironomus fractilobus ChiF | 56 9 42 52 160 14.8
- |7 | Corynoneura sp. Cor |42 5 0 14 61 5.6
anytarsus sp. Wwere spo
. . Sub family Tanypodinae
radically present with 1.8% :
o/ . 8 | Ablabesyia sp. Abl |0 19 19 1.8
and 1.3% in relative compo- [5 [ Crinommpus sp. i s 0 5 05
sition respective]y_ Sub-family orthocladiinae
10 | Cricotopus sp. Cri 66 127 0 61 254 | 235
. 11 Orthocladius sp. Ort 136 52 28 0 216
Influence of environ- roctades 200
12 | Paratrichocladius sp. Par 103 24 0 127 1.7
mental parameters on - :
. . No of species (s) 8 8 5
abundance of chlronom{ds No of mdividual (N) ” o s o -
The total extent of variation
or total inertia (TI) in chi-
. .. . 1
ronomid assemblage composition in the stud-
ied stations of Eriora River was equivalent to anda
1.15 eigenvalues of which the six physical and phosphite As
chemical parameters could explain 63.2% As2
(total variance explained, TVE). All canonical chit
. . 4AS2
axes were significant (Monte-Carlo test, axis 2 o ﬁgw nitrate
Temp Tan

p<0.05). The first canonical axis distinguished
group of species found at most stations Chi-
ronomus  transvaalensis, Cricotopus and
Corynoneura. This corresponded to high
phosphate and nitrate values. The second
group included the tolerant species namely C.
fractilobus, Tanytarsus) that corresponded to
high DO, pH and water depth values (Figure
2). Temperature did not play a major signifi-
cant role in structuring the chironomid abun-

DO

0 1
axis 1

Figure 2: Triplot of first and second CCA axes of chi-
ronomid taxa, environmental variables and their corre-
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sponding sampling stations. The scale in SD units is -1
to 1 for both the invertebrate and environmental vari-
able scores. Full names for abbreviation codes of in-
vertebrate taxa are given in Table 1. — environ-
mental variable, A- samples codes, Stations numbers:
S1, 82, S3 andS4.

Taxa richness, Diversity, Evenness and
Dominance Indices

Taxa richness calculated as Margalef's in-
dex, Shannon-Weiner, evenness and Simp-
son’s indices for the four stations are depicted
in Table 3. The Shannon-Weiner index (H)
was significantly lower in station 3. Similarly,
station 2 recorded the lowest evenness index.
It was higher in station 3 followed by station 1
and then station 4. Taxa richness was higher
in station 1 followed by station 2, station 4
and then station 3.

Table 3. Taxa richness, diversity, evenness
and dominance indices of the sampling sta-
tions of Eriora River

Station 1 Station 2 Station 3 Station 4

Species Richness Indices
Margalef's index(d): 1.148 1.226 0.612 0.756
Menhinick's index(d): 3.240 3.348 1.806 2.174

Diversity Indices (Information Theory Indices)
Shannon-diversity
Index (H'): 1.771° 1.660" 1.235° 1.360°
Shannon and Wiener
Index (H): 0.769" 0.721° 0.536" 0.591°
Evenness Index(E'): 0.852 0.798 0.891 0.845

Simpson's Dominance
Index (C): 0.198 0.250 0.316 0.281

Note. Values with the same letter of superscript in a
row do not vary significantly using Tukey posthoc test

Discussion

The physico-chemical parameters of
Eriora River that is, low phosphate and nitrate
values and high dissolved oxygen content por-
tend that the water is of fairly good quality.
However, water conditions were significantly
better in the upstream stations (station 1 and
2) as compared with downstream stations
(stations 3 and 4). The slightly higher nutrient
values and BOD values at the downstream
stations may be as a result of increase in or-
ganic matter from anthropogenic sources, al-
though the values are far from constituting
pollution or environmental health hazards. A
total of 12 chironomid taxa were recorded in
the river. Chironomids are one of the most
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abundant macroinvertebrate group and they
often account for the majority of aquatic in-
sects in freshwater environment (Freimuth and
Bass, 1994, Epler, 2001). Due to adaptability
of larvae to extreme environmental conditions
of temperature, pH, salinity, depth, flow ve-
locity and productivity, they can be found in
many different aquatic environments
(Armitage, et al, 1995). Although there were
minimal differences in chironomid assem-
blage along the different sampling stations in
the study area, the highest diversity and abun-
dance was recorded in station 1 which corre-
sponded to the station with the greatest per-
centage of canopy cover. It is assumed that
stations with dense canopy cover usually lead
to incidences of fallen leaves and trees (Price
et al. 2003). This increased habitat heteroge-
neity, at least in terms of velocity and sub-
strate coarseness, resulted to increase in chi-
ronomid abundance and diversity. The high
diversity and taxa richness at station 1 can
also be attributed to good habitat quality and
high water quality at the reach. Also, species
compositions of chironomids differ qualita-
tively and quantitatively among microhabitats,
and larvae are highly selective in their choice
of a station (Marziali et al., 2010). In this
study, station 1 recorded the highest abun-
dance and diversity of chironomids especially
members from the sub family Orthocladiinae
which have been earlier classified as faculta-
tive species usually absent from heavily pol-
luted streams (Pinder 1995; Arimoro et al
2007). The forests surrounding station 1 were
a good source of allochthonous organic matter
for stream biota which is broken down to fine
particulate organic matter and utilized as food
by most chironomids which are collector-
gatherers and filterers (Merritt and Cummins
1996).

Overall, this study revealed that chi-
ronomid communities responded to changes
in water quality along the river. Despite little
apparent change in taxon richness observed at
the different stations, there were marked shifts
in dominance and composition. Station 1 and
2 were dominated by taxa associated with de-
tritus, Polypedilium sp., Orthocladius sp., and
Paratrichocladius sp. In general, Cricotopus
sp. was the most dominant species followed
by Chironomus transvaalensis. In all, Chi-
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ronomus species (C. transvaalensis and C.
fractilobus) were ubiquitous in the study sta-
tions. They were collected in high number
showing their ability to tolerate any given wa-
ter condition. Ikomi et al. (2005), Arimoro et
al. (2007) and Arimoro and Ikomi (2008) had
earlier reported the high abundance of these
chironomids in some forest streams in Delta
State. The reason for the high abundance of
the Family Chironomidae is being especially
related to the amount of detritus which is
abundant in forested streams from alloctho-
nous input.

From this study, the chironomid spe-
cies, Ablabesyia and Clinotanypus (subfamily
-Tanypodinae) were completely absent from
stations 3 and 4. These species can be used as
indicators of water quality in the Niger Delta
as they were absent from waters having a
BOD value of more than 8mg/L and nitrate
value of above 1.0mg/L.

In conclusion, although this study was
based on a single forested stream in the Niger
delta, the results clearly demonstrate the as-
semblage dynamics of chironomids as related
to the water quality status of the different
sampling station and the amount of canopy
cover available at each site thus we can infer
that physical habitat is a primary factor influ-
encing the structure and composition of
stream faunal communities. The mosaic of
streams in tropical forest provide an excellent
system to gain better understanding of impor-
tant processes affecting community assembly,
and thus factors controlling chironomid diver-
sity.
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