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ABSTRACT

Trypanosomiasis is an important livestock disease in sub-Saharan Africa. Improvement on host’s
nutrition is important in moderating the severity of pathophysiological effect of trypanosomiasis
and it also influences the rate of recovery. Earlier researchers demonstrated that dietary
supplement of selenium and vitamin E enhanced immune response in white rats. It has also been
reported that during pregnarncy, immune response Is depressed. Leucocytes count has been
recognized as a measure of immune response. This research was therefore conducted using chicks’
marsh fortified with 80 mg of vitamin E and 0.3 mg of selenium as control (Diet 1) to determine the
effect of dietary supplementation of moderate protein (combination of 250 g of corn meal, 240 g
soyabean meal and 10 g of crayfish) in the chicks’ mash (Diet 2), high dietary protein (combination
of 400 g of caseinogen and 300 g of soyabean meal) (Diet 3), and high dietary carbohydrate
(combination of 400 g dextrose and 300 g cornmeal) (Diet 4) in the chicks’ mash on the white
blood cells count and differential leucocytes count of trypanosome-infected pregnant rats. Dies 1 —
4 were given to rats in cage A — D, respectively. The rats were infected with trypanosomes within
10" to 14" day of pregnancy. Each experimental set up was replicated three times. On comparing
the total white blood cell counts of all the rats fed different diets, there was no significant
difference (P = 0.05) between the rats in Cage A (fed Diet 1) and rats in Cage B (fed Diet 2), and
similarly between rats in Cage C (fed Diet 3) and rats in Cage D (fed Diet 4). There was, however,
significant difference (P < 0.05) between rats in Cage A and rats in Cages C and D, and also
between rats in Cage B and those in Cages C and D. Diet 2 with a moderate (20.01%6) protein level
and a balance of other nutrients produced the highest leucocytes count. Diet 2 therefore produced
the highest immune response in the pregnant trypanosome-infected rats.

Keywords: Trypanosomiasis, Nutrition, Leucocytes count, Immune response

INTRODUCTION

Phenotypically, every organism is a product of its
genes and environment. The most critical period for
this interaction and one which has the most profound
implications for life long health and well being occur
before birth (Haggarty, 2002). There is evidence that
natural variation in genetic make up has a direct
effect on an organism’'s development, and that
genotype interacts with nutrient intake and their
effect can be modulated by nutritional status
(Haggarty, 2002). Trypanosomiasis is one of the
most important livestock diseases in sub-Saharan
Africa (Morrison et al., 1981). Improvement on host’s
nutrition is important in moderating the severity of
pathophysiological effect of trypanosomiasis and it
also influences the rate of recovery (Katungka-
Rwakishaya, 1996).

Nutrition and disease are the major factors
that affect reproduction and also determine the
health condition of pregnant animal and the feotus.
Many outcomes of pregnancy are affected by the
balance of different nutrients. Nutrient may have an
effect on different critical development and it may
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also be simultaneously beneficial for one outcome
and detrimental for another (Haggarty, 2002).
Physiological changes in pregnancy calls for extra
nutrients and energy to meet demands of an
expanding blood supply, the growth and development
of maternal tissues before birth and preparation for
lactation (Ladipo, 2000). Good maternal nutrition is
vital for the health and reproductive performance of
women and the health, development and survival of
their children (Mora and Nestel, 2000). It has been
suggested that a brief period of malnutrition may
result in permanent alterations in development of
organs that may be translated into pathology in later
life (Barker, 1995). Leucocytes count during stress
and infectious disease is a measure of immune
response (Hardie et al, 1991; Dufva and Allander,
1995). It has been reported that during pregnancy,
immune response is depressed (Purtilo et al, 1972)
involving  reduced leucocytes count. Earlier
researchers demonstrated that supplemental vitamin
E enhances animal immune response (Haeger, 1974;
Tengerdy and Brown, 1977). Also, similar results had
been reported on dietary supplement of selenium
(Nockel, 1986). Mgbenka and Ufele (2004) showed
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that combined supplementary selenium and vitamin E
enhances trypanotolerance in rats.

In line with this background, using chicks’
marsh fortified with 0.3 mg of selenium and 80 mg of
vitamin E as control, this research was conducted to
determine the effect of dietary supplementation of
moderate dietary protein (combination of 250 g of
corn meal, 240 g soyabean meal and 10 g of crayfish)
in the fortified chicks’ mash, high dietary protein
(combination of 400 g of caseinogen and 300 g of
soyabean meal) on one hand and high dietary
carbohydrate (combination of 400 g dextrose and
300 g cornmeal) in the fortified chicks’ mash on the
other hand on the white blood cell and differential
leucocyte counts of trypanosome-infected pregnant
rats.

MATERIALS AND METHODS

Twenty 120-day-old female rats of were used for this
experiment. The rats were marked for identification
and held in stainless wire-rats-cages in clean
experimental animal house. The rats were placed
five per cage. The cages were labeled A to D,
corresponding to four diets given to the different
groups of rats. Diet 1 was given to rats in Cage A
(Treatment 1). Diet 2 was given to rats in Cage B
(Treatment 2). Diet 3 was given to rats in Cage C
(Treatment 3) and Diet 4 was given to rats in Cage D
(Treatment 4). Each experimental set up was
replicated three times. The rats had unlimited supply
of clean water.

The rats were fed with diets containing
different levels of protein and carbohydrate and
constant levels of vitamin E and selenium. The diets
were: Diet 1 (control), Diet 2, Diet 3 and Diet 4. The
ingredient and proximate composition of the diets are
shown in Table 1. Male and female reproducing rats
were paired. The female rats were naturally
impregnated by male rats. The pregnancy was
detected by the presence of pan plug at the feacal
pan which was released when pregnancy occurred
after natural mating (Cukierski, et al., 1991). The
pregnant rats were infected with 8000 trypanosomes
per ml of blood within 10™ to 14™ day of pregnancy.

Since the white blood cells count is a
measure of immune response of the rats to the
trypanosomes (Dufva, R. and Allander, K., 1995), at
the end of the experiment, the total white blood cells
count and the differential leucocytes count were
taken following the method Mgbenka and Ufele
(2004). The data were analysed for significant
differences by descriptive statistics and analysis of
variance (ANOVA) using SPSS computer package.
Multiple comparisons of significant differences were
done using the least significant difference (LSD) and
the Duncan’s Multiple Range Test post hoc tests.

RESULTS

There were significant differences (P < 0.05) among
all the groups of rats in their total white blood cell
count, polymorphonucleated cells and mononucleated
cells (Figure 1).
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Figure 1: Mean of total white blood
cells. Bars with the same letters on
top are not significantly different (P >
0.05).

On comparing the total white blood cell counts of all
the rats fed different diets, there was no significant
difference (P > 0.05) between the rats in Cage B (fed
with Diet 2) and rats in Cage A (fed with Diet 1), and
also between rats in Cage C (fed with diet three) and
rats in Cage D (fed with diet four). There was,
however, significant difference (P < 0.05) between
rats in Cage A and rats in Cages C and D and also
between rats in Cage B and those in Cages C and D.
Comparing the polymorphonucleated cells, there was
no significant difference (P > 0.05) between the
polymorphonucleated cells of rats in Cage A and the
rats in Cage B, and also between rats in Cage C and
that in Cage D (Figure 2).
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Figure 2: Mean of polymorphnucleated cells.
Bars with the same letters on top are not
significantly different (P > 0.05)

On the other hand, there was significant difference (P
< 0.05) between the rats in Cage A and those in
Cages C and D, and also between the rats in Cage B
and those in cages C and D. Comparing
mononucleated cells, there was no significant
difference (P > 0.05) between the mononucleated
cells of rats in Cage A and the rats in Cage B, and
between rats in Cage C and that in Cage D (Figure
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3). There was, however, significant difference (P <
0.05) between rats in Cage A and those in Cages C
and D. Also, there were significant differences (P <
0.05) between rats in Cage B and those in Cages C
and D. Figure 1 showed that rats fed with Diet 2
(Cage B) had the highest total white blood cells
(15826 + 882 mm?®), followed by rats fed with Diet 1
(Cage A) (15014 + 894 though the values are not
significantly different (0.05), while rats fed with Diets
3 and 4 (Cages C and D) were on the same range
(6105 + 750 mm® and 6057 =+ 762 mm?®)
respectively.
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Figure 3: Mean of mononucleated cells.
Bars with the same letters on top are not
significantly different (P > 0.05).

It was observed that rats fed with Diet 2
(Cage B) had the highest polymorphonucleated cells
(5682 + 397 mm?), though not significantly different
from the value of the rats fed with Diet 1 (5100 +
386 mm?®), while rats fed with Diets 3 and 4 (Cages C
and D) were on the same range (1981 + 286 mm?®
and 1997 = 296 mm®) (Figure 2). It was observed
that rats fed with Diet 2 (Cage B) (9994 + 510 mm°)
had the highest though not significantly different (P >
0.05) mononucleated cells to the value of the rats fed
with Diet 1 (Cage A) (9813 *+ 549 mm°) (Figure 3).
The rats fed with Diets 3 and 4 (Cages C and D) were
on the same range (4124 #+ 474 mm® and 3980 +
466 mm?®) respectively.

DISCUSSION

From the above results, it was observed that rats fed
with Diet 2 had the highest total white blood cell
count, polymorphonucleated cells and mononucleated
cells, when compared with Diet 1, Diet 3 and Diet 4.
Our results of the experiments indicated that
adequate nutrition enhanced trypanotolerance.
Katungka-Rwakishaya (1996) observed that
improvement on host’'s nutrition was important in
modulating the severity of patho-physiological effect
of trypanosomiasis and also influences the rate of
recovery. It has been reported that during pregnancy,
immune response are depressed (Purtilo, et al.,
1972). Our results indicated that balanced diet
enhances the total white blood cell count, differential

leucocytes count and hence immune response of
pregnant rats. Furthermore it was observed that
good maternal nutrition was vital to health and
reproductive performance of pregnant rats and the
health, survival and development of their offsprings
(Mora and Nestel, 2000).

The high mean values of total white blood
cell count, mononucleated cells and
polymorphonucleated cells in rats fed with Diet 2,
indicate that balanced diet with moderate protein
level (20.01%) has positive influence on the immune
response of trypanosome-infected rats. This agrees
with  the suggestion that the degree of
trypanotolerance is greatly affected by the nutritional
status of the host animal (Murray, 1988; Agymang et
al, 1990) and that supplementary diet enhances
trypanotolerance in rats (Mgbenka and Ufele, 2004).
The nutritional status of animals including rats
influences trypanotolerance and reproduction. Since
it is well known that the number and proportions of
different types of leucocytes reflect the health status
of individuals, as these cells quickly respond to stress
and infectious diseases, leucocytes count, is a
measure of immune response (Hardie et al, 1991;
Dufva and Allander, 1995). Vitamin E and selenium,
together with dietary protein and carbohydrate,
reduce depression of immune system in the pregnant
trypanosome-infected rats. Agnew et al. (2005)
found that Echinacea intake induced an immune
response through altered expression of leucocyte
hsp70, increased white cell counts and improved
erythrocyte antioxidant. It is therefore inferred that
Diet 2, a balanced diet with intermediate level of
protein (20.01 %) produced the highest (though not
significantly different from Diet 1) leucocytes counts,
the best immune response to trypanosomes in the
pregnant trypanosome-infected rats.
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ABSTRACT

A study was carried out to investigate the coleopteran fauna of two agroecosystems (cultivated
farmland and fallow plot at the Permanent Site of Nnamdi Azikiwe University, Awka) for a twelve-
month period using the pitfall technique. Eight pitfall traps made up of plastic containers with
mouth diameters of 9.80 crm and 6.20 cm deep were set monthly at random in the two sampling
sites. The traps, which were filled to one-third with 5 %6 formalin, serving a preservative, were
inspected every twenty-four hours and the insects caught sorted and counted under a dissecting
microscope. Species of Coleoptera obtained from the cultivated plot were Macrocheilus labrosus,
Hyparpalus sp., Carpophilus fumatus, Podagrica uniforma, Tetragonothorax sp., Chlaenius sp.,
Pheropsophus parallus, Silidas apicalis, Tenebroides mauritanicus, Heteroderes sp., and
Heterorynchus licas while only Hyparpalus sp., and Mylabris sp., were obtained from the fallow
plot. The result of Fisher’s Least Significance Difference (F-LSD) test shows that the pitfall catches
of Coleopterans from the two sampling sites were significantly different at p-value of 0.0053 and
mean difference of 2.500. The heterogeneity of the coleopteran species at the cultivated plot was
traced to cultivation. The role of certain coleopteran families as faunal indicators was highlighted.

Other factors, which influenced the Coleopteran species at the farmlands were also discussed.

Keywords: Coleoptera, Fauna, Agroecosystems, Pitfall traps

INTRODUCTION

The insects are strategic in the welfare of man
through their activities. The coleopterans (beetles),
which constitute about two-thirds of all known insects
and about one-third of all known animal species
invariably, participate in various activities, resulting in
several changes in the ecosystems. The coleopterans
like other insects, often evolve and exists as
components of communities of plants and other
animals. Most of the species are terrestrial even
though some are aquatic. In terms of food and
feeding habits, many coleopterans are plant eaters;
some are predacious with others being scavengers,
while some of them are wood-borers. In terrestrial
ecosystems many of these herbivorous forms
constitute serious pests of crops and causing
significant damage either directly or even transmitting
diseases, even though some are known to be
beneficial herbivores.

With destruction of natural habitats by man
and in particular destruction of vast areas of forests
for industrial, agricultural and urbanization purposes
(Boorman, 1981), these coleopterans therefore
constitute an interesting group to study. The study of
the coleopteran species in a cultivated and a fallow
farmland will no doubt provide useful information on
their distribution and abundance.

MATERIALS AND METHODS
Site Description: The investigation was carried out

in two rather contrasting study sites a cultivated
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farmland and a secondary regrowth forest, all of
which are located at the Permanent Site of the
Nnamdi Azikiwe University, Awka. Awka is the capital
of Anambra State of Nigeria and located in the
lowland rain forest zone of Southern Nigeria (Keay,
1965; Charter, 1970).

The cultivated plot, which measures 800 cm?
in area is located between latitude 6.23782° N and
longitude 7.12884° E. At the time of investigation and
apart from the cassava, Manihot esculenta Kranz,
planted in mounds, the plot had a variety of weeds
which Sida acuta Burm, Aspilia africana (CD),
Euphobia hirta (L.), Chromolaena odorata (L.), Emilia
sonchifolia (L.), Tridax procumbens (L.), Mariscus
alternifolus Vahl., Commelina benghalensis (L.), and
Axonopus compressus (S.W.) Also present was a
shrub Phyllanthus amarus Schum and Thom. On the
other hand, the fallow farmland lies between latitude
6.25054°N and longitude 7.12078°E. The plot has
been left fallow for twelve years after the previous
cultivation and therefore was overgrown with plants
associated with fallows. ldentified herbaceous plants
included Chromolaena odorata (L.), Aspilia africana
(C.D), Tridax procumbens (L.), Axonopus compressus
(Sw.) Beauv., Mariscus longibracteatus Cherm., Sida
acuta Burm. f., Panicum maximum Jacq. and Veronia
ambigua Kotchsky and Peyr. Trees found at the plot
included  Pentaclethra  macrophyla  (Bentham),
Chlorophora excelsa (Welw.) Benth., Mangifera indica
L., Combretum molle R. Br., Eleais guineensis Jacq.,
Newbouldia laevis (P. Beauv.), Terminalia ivorensis A.
Chev. and., Anthonata macrophylla (P. Beauv.). The
fallow farmland which is sandy loam and over 1000
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m? in area is separated from the cultivated farmland
by a tarred road leading from the first gate of the
Permanent Site of the Nnamdi Azikiwe University,
Awka.

Sampling Method: Eight pitfall traps made of
plastic containers, with mouth diameters of
9.80 cm and 6.2 cm deep were set in the two
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Carabidae, Nitudilidae, Curculionidae, Cantharidae,
Ostomatidae, Elatridae, Scarabacidae and
Staphylinidae were more abundant in the cultivated
plot than in the fallow plot (Table 1).

Table 1: Pitfall catches of coleopterans obtained from
the fallow plot and cultivated farmland at Awka,
Nigeria

study sites, on each sampling occasion (i.e.
every month). The traps were filled to one-third

Beetle family

Genus and Species Beetle Populations

Sampling Sites *

with 5 % formalin. The traps were inspected A
every twenty-four hours, and the insects Carabidae Macrocheilus labrosus 1
caught were sorted identified and counted Pheropsophus parallus 1 -
under a dissecting microscope. Chiaenius sp. 2 -
Rainfall data was collected during the N Hyparpalus sp. 1 1
. . . . . Nitudilidae Carpophilus fumatus 1 -
sampling period using the rain-gauge Wh!le Curculionidae  Tetragonothorax sp. 1 -
bulb thermometer was used to measure aerial Cantharidae Silidius apicalis 1 .
and soil temperature on each sampling  oOstomatidae  Tenebroides mauritanicus 2 -
occasion. The readings of those temperatures  Elatridae Heteroderes sp. 1 -
were taken twice in each case both at the time  Scarabacidae  Heterorynchus licas 1 -
of setting the traps and during their collection. Staphylinidae  Mylabris sp. - 7
The insects and their larvae were identified Unidentified Coleoptera 7 9
using Insects of Nigeria - Check List and ™Mean Difference (Sites Aand B) 2.500
Bibliography by  Medler  (1980). The Crucal Differences 1.719
’ Probability (P) Value 0.0053+

identification of the specimens was verified in
the Department of Crop Protection, Institute of
Agricultural Research, Ahmadu Bello University,
Zaria, Nigeria. The voucher specimens were also kept
as reference point for further studies. The data was
analysed using Fisher's Least Significant Difference
(F-LSD) test, to ascertain whether or not statistical
difference existed between the npitfall catches of
coleopteran species, obtained from the fallow plot
and the cultivated farmland.

RESULTS

A total of 46 beetles were trapped using the pitfall
technique during the twelve-month sampling of both
agroecosystems. The cultivated farmland had 17
coleopterans, which included Macrocheilus labrosus,
Pheropsophus parallus, Chlaenius sp., and Hypapalus
sp., which belong to the carabid family. Single
species collected from the cultivated farmland include
Carpoplilus fumatus (Nitulidae), Tetragonothorax sp.
(Curculionidae), Silidius  appicalis (Cantharidae),
Heteroderes sp. (Elatridae), Heterorynchus licas
(Scarabacidae) while a single species of Hyparpalus
was collected from the fallow plot. Other seven
species of Coleoptera were collected from the
cultivated plot while other nine species were collected
from the fallow plot. The result of Fischer's Least
Significance Difference (F-LSD) also showed the
pitfall catches of the coleopterans from the cultivated
plot and the fallow farmland were significantly
different (p<0.05), with more catches obtained from
the cultivated plot.

DISCUSSION

Homogeneity in the distribution of the beetle species
between the fallowed and cultivated sites is related to
the efficiency and capture rate of the wandering
species. Out of eight families of Coleoptera trapped,

* Sampling sites: A — cultivated plot; B = Fallow plot; + P — value
significant at 5% probability level

In an earlier study, Ewuim (2004) associated
members of Carabidae family with cultivation and the
complex relationship between wandering beetle,
abundance and the frequency of vegetation cover
(weed) have been established (Spreight and Lawton,
1976, Ewuim 2004). The higher number of the
beetles especially at the cultivated plot may be
associated with the nature of the vegetation.

In earlier studies the relative abundance of
the ground beetles was associated with nature of
vegetation (Greenslade, 1964; Ewuim, 2004), while
the curculionids have been associated with flower
visiting and pollination (Gakai et a/, 1998; Ewuim,
2004). Weevils are plant eaters and thus are serious
agricultural pests. The lower catches of beetles at the
fallow plot might also be associated with dense
vegetation associated with the fallow plot which
might have markedly impeded the locomotor activity
of the beetles and thus their poor trapping. These
observations are similar to those of Spreight and
Lawton (1976), who observed that strip of vegetation
offered resistance to movement of ground beetles.

It has been observed that adult beetles are
herbivorous during their surface life and constitute
the most influential grazers (Hinds and Rickard, 1973)
hence their increased number in the -cultivated
farmland than the fallow plot. This also explains the
trend in the result of the F-LSD carried out in which
there was significant difference in the trapped
coleopterans with more trapped in the cultivated plot
when compared with the fallow plot (Ewuim, 2004).
The alteration of vegetation structure in the non-
forested plots studied therefore possibly influenced
the spatial and temporal (spatiotemporal) variations
in these species studied since in general, temporal
dynamics of insect populations invariably take place
within a spatial context. In the long run evidence
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abound from this study that the least stable and
perhaps the least efficient community is the highly
diverse one as observed for the cultivated plot.

In the final analysis, the significant
difference observation in the trapping of the
coleopteran species with a higher population density
for the cultivated plot is also a strong indication that
the beetle families were particularly sensitive
indicator taxa of land use (Rivers-Moore and
Samsway, 1996; Ewuim, 2004) as confirmed by the
increased density of the coleopteran species in the
cultivated agro-ecosystem.
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ABSTRACT

Lipase activity was studied in four varieties of Corn (Zea mays) namely. Local yellow (LY), Western
yellow (WY), Western white (WW) and Pop corn (POP). Using emulsified olive oil as substrate,
lipase was found to be present in the dry seeds of maize. Lipase activity increased with germination
and reached it’s peak on the first day of germination for WY and LY, third day for POP and sixth day
for WW. Lipase activity was tested for its ability to hydrolyze different emulsified oils such as
groundnut oil, palm kernel oil, and soybean oil. The highest activity was with soybean oil. This high
activity was correlated with high specificity of corn lipase on linoleic acid. Thermal inactivation
studies showed that the enzyme was stable up to 50°C and showed rapid inactivation above this
temperature. Its optimum temperature was 50°C and the optimum pH, 8.0.

Keywords: Lipase, Enzymes, Maize, Thermal stability, Substrate specificities

INTRODUCTION

Lipase (EC 3.1.1.3) catalyses the hydrolysis of
triacylglycerides to a mixture of diacylglycerides and
monoacylgycerides. During seed germination, lipases
are active in lipid storage organelles, called lipid
bodies (oliosomes, oil bodies, spherosomes or oil
droplets), where the storage triacylglycerides are
localized (Lin et al.,, 1982). The lipid body should be a
prime candidate for subcellular location of lipase,
since for lipolysis to occur, enzyme has to come in
contact with the substrate (Huang et a/, 1983). A
unique feature of seed lipases is that they are
relatively specific for the characteristic triacylglycerols
of a species. Thus corn lipase is most active on
triacylglycerols of linoleic and oleic acid, which are
the major fatty acid constituents of corn (Lin et al.,
1986).

In this work, effort has been made to study
lipase in different varieties of maize with a view to
understanding their properties.

MATERIALS AND METHODS

Maize: Maize (Zea mays); POP, WY, LY and WW
were purchased from the local market at Nsukka,
Enugu state Nigeria. A grinding buffer was prepared
from 0.5 M glycine, 0.6M sucrose, 10 mM KCI, I mM
EDTA, I mM B-mercaptoethanol and I mM MgCl, and
the pH of the buffer adjusted to pH 7.6 with NaOH.
Different varieties of maize seeds were steeped in
water for 24h after which they were spread on moist
jute bags and allowed to germinate in the dark.
Lipase assay was carried out every 24 h. At the end
of the 24h of germination, the plumules and radicals
of the germinating seeds were removed and 50 seeds
(from each variety) were selected and crushed in the
grinding buffer using pestle and mortar.  After
extraction, the homogenate was filtered using cheese
cloth (8 folds). The filtrate was introduced in a
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centrifuge tube and a second version of the buffer
containing 0.5M sucrose instead of 0.6M was layered
on top and centrifuged at 10,000 x g for 15 min. The
upper layer (lipid bodies) was removed and mixed
with the water soluble fraction and kept as the crude
enzyme on the basis of a maodification of the
purification method according to Huang and Lin
(1983).

Enzyme Assay: The method of assay was a
modification of Williamson et a/. (1999). Activity with
triacylglycerols was measured by the Olive oil
emulsion method. The reaction mixture consisted of
olive oil emulsion [50 % in 5 % Gum-Arabic solution],
27mM Tris—HCl pH 8.0; 0.013% sodium azide, and
enzyme in a total volume of 3.75 ml. After vortex
mixing, the mixture was incubated at room
temperature for 1h. The reaction was stopped by
adding 3.25 ml of 30 %ethanol. Controls were
produced using the same reaction mixture but adding
ethanol at the beginning of the 1 hour incubation.
Thymophthalein (3 drops) was added to the mixture
and the free fatty acids released by lipase action were
titrated with NaOH (0.05M) until the colour of the
solution turned a slight but definite blue. One unit of
enzyme activity is defined as the release of 1 pmol of
product per minute under the conditions of each
assay.

Protein Determination: Protein was determined
using the method of Lowry ef a/. (1951).

Lipids Hydrolysis: Emulsion of olive oil, groundnut
oil, vegetable oil, palm kernel oil and soybean oil
were used for the assay. Oil emulsion was prepared
by a mixture of 0.5 ml of oil and 0.5 ml of 5 % Gum
Arabic solution. This was vortexed at high speed for
30 seconds.

Thermal Inactivation: 10 ml of the crude enzyme
were each added in a conical flask and heated in a
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water bath at different temperatures (40, 50, 60, 70

and 80°C) for the time interval between 0 — 8 h.

0.75 ml of the enzyme was withdrawn after every 60
sec and used to assay for residual activity. The
method of assay was as earlier stated, except that
the period of incubation was 15 min. Each activity
was an average of three determinations (in
triplicates).

pH Optimum and Stability: The method was a
modification of Yamamoto and Fijiwara (1988).
Enzyme assay was carried out using the following
buffer systems: 0.025M Glycine-NaOH buffer (pH 5.5-
9.0); 0.025 M potassium phosphate buffer (pH 5.5-
9.0); 0.025 M Tris-HCI buffer (pH 6.5-9.0) and 0.025
M acetate buffer (pH 4.0-6.0) respectively. For
stability test, the enzyme was incubated in different

buffers (as above) at 29°C for 24h. The residual
enzyme activity was determined as earlier stated.

RESULTS AND DISCUSSION

Lipase activity was detected in the dry seeds of maize
as has already been reported by Huang and Moreau
(1978). However, maximum activity was observed on
the first day of germination for WY and LY, on the 3™
for pop corn and on the 6™ day for WW. Activity was
least in pop corn, and highest in western white (WW)
(Figure 1).

25 —e—Local Yellow
—a— Western yellow
—aA— Western white
—x—Pop corn

2 4

Activity(units)

0% T 1
0 5 10

Germination period (Days)

Figure 1: Variation of lipase
activity with the period of
germination for four varieties of
maize.

In early seedling growth of oil seeds, the reserve
triacylglycerides in the storage tissues are rapidly
mobilized. The triacylglycerides are hydrolyzed to
fatty acids are metabolized by B-oxidation. The
acetate generated is processed in the glyoxylate cycle
(Muto and Bevers, 1974; Huang and Mareau 1978;
Lin et al, 1982: Lin et. al, 1983). Generally, lipolysis
is most active in day 2 — 6 of germination but
gradually drops as the storage triacylglycerides were
depleted. Earlier reports on maize lipase indicate that
there was no activity in the dry ungerminated seeds
and that the peak of activities is between 5 — 6 days
of germinations (Lin et a/, 1986). Lipase from a

specific plant species displays highest specific activity
with  the major endogenous seed storage
triacylglycerides. Thus castor bean lipase is most
active on triricinolein, but is also fairly active on all
other triacylglycerides containing saturated and
unsaturated fatty acids. Corn lipase has highest
activity on all other triacylglycerides of linoleic acid
and oleic acid, rape seed lipase on trierucin and elm
lipase on tricaprin (Lin et al, 1986; Hope and
Theimer, 1996). Such specificity is of physiological
significance since each plant species produces very
specific lipases for much more efficient catalysis as
the fatty acid composition in each species is
genetically determined and well defined. In this work,
corn lipase showed highest activity with soybean oil
(Figure 2) as the substrate. Soybean oil contains a
high proportion of linoleic acid (50 — 55 %) and oleic
acid (19 — 25 %).
—e— Groundnut oil
—&— Soybean oil

—a— Olive oil
7 - —>— Palm kernel oil

—¥— Vegetable oil
6 -
n 5 1
S 4
z
E 3
< 24
14
-3 2 7 12

Time (Hrs)

Figure 2: Lipase activity in the
different substrates

Also groundnut oil with oleic acid content of 25 — 45
% is hydrolyzed by corn lipase. This is explained on
the basis of specificity of the enzyme. There is only a
few published reports on thermal inactivation of plant
lipases. Hou et al (1999), reported that fatty acid
esterase from yam is stable below 50°C. Lipase from
micro-organism, Pseudomonas spp were shown to be
thermostable, retaining sufficient activity when
incubated at 50°C for 24h. Inactivation studies of
corn lipase showed that the enzyme is highly stable
with a monophasic inactivation curves at various
temperatures studied (Figure 3). This stability
depends on the pH of the medium and the purity of
the enzyme. For these organisms, the optimum
temperature was 65°C (Nisho et a/, 1987). The
optimum temperature for maize lipase was 65°C
(Figure 4). The pH optimum of the enzyme was 8.0
and the enzyme was stable in the alkaline region of 8
— 9.5 suggesting that the enzyme is an alkaline
enzyme.

In conclusion, during germination, the
enzyme activities change as the day of germination
progresses due to the mobilization of triacylglycerides
from the storage tissue.

There is a linear correlation in change in activity with
days of germination until a peak is reached which
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eventually marks the depletion of triacylglycerides in
the storage tissues. The fact that lipase activity in the
scutellum appears due to de novo synthesis of lipase
in post-germinative growth of maize kernel supports
this linear proposition.
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Figure 3: Heat inactivation of
Lipase at different
temperatures of 40°C,50°C
60°C, 70°C and 80°C
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Figure 4: Temperature

optimum for lipase activity

Maize lipase has the highest activity in Western white
(WW); and show high specificity when oils of high
percentage linoleic acid were used.

652

REFERENCES

HOPE, A and THEIMER R. R. (1997). Enzymes for
lipolysis and fatty acid metabolism in
different organelle fractions from rape seed
cotyledons. Planta, 202: 227 — 234.

HOU, W. C., CHEN, H. J., CHANG, C. F. and LIN, Y.
H. (1999). Purification and properties of
fatty acid esterases from yam (Dioscorea
batatas Decne). Botanical Bulletin, 40: 305 —
310.

HUANG, A. H. C. and MOREAU, R. A. (1978). Lipases
in the storage tissues of peanut and other oil
seeds during germination. Planta, 141: 111
—116.

HUGNG, A. H. C. and LIN, Y. H. (1983). Lipase in lipid
bodies of cotyledons of rape and mustard
seedling. Archives of Biochemistry and
Biophysics, 225 360 — 369.

LIN, T.H., MOREAU R, A. and HUANG A. H. C. (1982).
Involvement of glyoxysornal lipase in the
hydrolysis of storage triacylglycerols in the
cotyledons of soybean seedlings. Plant
Physiology, 70: 108 — 112.

LIN, Y. H.,, WIMER, L. T. and HUANG, A. H. C.
(1983). Lipase in the lipid bodies of corn
scutella during seedling growth. Pant
Physiology, 73: 460 — 463.

LIN, Y. H., YU. C. and HUANG, A. H. C. (1986).
Substrate specificities of lipases from corn
and other seeds Archives of Biochemistry
and Biophysics, 244: 346 — 356.

LOWRY O. H; REOSENBROUGH N. R., FARR A. L. and
RANDALL R. J. (1951). Protein measurement
with the folinphenol reagent. Journal of
Biological Chemistry, 193: 265 — 275.

MUTO, S. and BEAVERS, H. (1974). Lipase activities
in castor bean endosperm  during
germination. Plant Physiology, 54. 23 — 28.

NISHIO, T., CHIKANO, T. and KAMIMURA, M. (1987).
Purification and some properties of lipase
produced by Pseudomonas fragi 22. 39B.
Agricultural and Biological Chemistry, 51(1):
181 - 186.

YAMAMOTO, K. and FUJIWARA, N. (1988).
Purifications and some properties of a
castor-oil-hydrolyzing lipase from
Pseudomonas sp. Agricultural and Biological
Chemistry, 52(12): 3015 — 3021.



Animal Research International (2007) 4(2): 653 — 661 653

A COPROLOGICAL SURVEY OF GEOHELMINTH INFECTIONS AMONG
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ABSTRACT

A cross-sectional coprological survey involving 420 primary school pupils of both sexes aged 6-14
years, was conducted in 8 primary schools at different locations in Ishielu Local Government Area
(L.G.A.) of Ebonyi State, Nigeria, to determine the prevalence and intensity of infection of the
geohelminth (soil-transmitted helminth) parasites. The dominant geohelminth parasites identified
were Ascaris lumbricoides (32.9%), Trichuris trichiura (20.5%) and hookworms (3.8%).
Altogether 240 respondents composed of 124 (29.4%) males and 116 (27.6%) females were
infected with one or more of the parasites thus establishing an overall prevalence of 57.1%. In 7/8
(87.5%) of the study primary schools, over 50% of the children harboured the ova of the parasites.
The distribution of the infections were not gender-dependent, and the between-sex prevalence was
not statistically significant (p > 0.05). The prevalence of the infections appeared to be generally
age-dependent but not over- dispersed as there was a marked association between age of the pupil
and the infectious process. Concomitant infection involving 13.3% of all the infected pupils was
recorded. Generally, the intensity of the geohelminthiasis was of the light category for A.
lumbricoides (< 4999 eggs per gram faecal matter(epg); T trichiura (< 999 epg); and hookworm (<
999 epg). Moderate infections (1000 — 9999 epg) of trichiuriasis was recorded in all the study
schools. A deworming programme of the infected schools and the at-risk population is

recommended.

Keywords: Coprological survey, Geohelminth, Prevalence, Intensity of infection, Concomitant infection

INTRODUCTION

Despite the availability of suitable anthelmintic
drugs, the human intestinal helminths continue to
represent an undesirable global scourge in the
developing countries of Africa, Asia and Latin
America where their prevalences continue to
increase. Humans are known to serve as hosts for
over 300 species of helminths about 200 species of
which have been reported from the alimentary tract
and its associated ducts and organs. By for the
most abundant and widely distributed species of
human helminths are the nematodes (Ascaris
lumbricoides, hookworms (Ancylostoma duodenale
and Necator americanus), and whipworm ( 7richuris
trichiura). The two species of the hookworm
together with A. lumbricoides and T. trichiura make
up the quartet of major soil-transmitted helminths
or geohelminths. These four nematode species
undergo monoxenous (direct) life cycle pattern and
transmission to human depends on faecal
contamination of the soil and environment. While A.
duodenale and N. americanus are transmitted via
their soil-inhabiting filariform larvae that actively
penetrate the skin of their hosts, 7. trichuris and A.
lumbricoides are transmitted to man directly
through the accidental ingestion of their ova.

Recent estimates suggest that more than
one billion people are infected globally with human
geohelminth-induced disease while the at-risk
population is over 2 billion people, (Montressor et
al., 1998; Brooker et al, 1999). Morbidity due to
geohelminthiasis is usually pronounced in children
and pregnant women because it influences the
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nutritional status causing growth retardation in
children and decreases work capacity and fitness in
women (Crompton and Savioli, 1999). It further
reduces cognitive development and increases
absenteeism from school (Adams, 1994; Nokes et
al, 1992; Chan, 1997). The most serious
consequences of geohelminth infections stem from
chronic infection during the vulnerable years of
childhood. It has been estimated that W
americanus is responsible for a mean (£ SD) blood
loss of 0.03 + 0.012 ml per day. Similarly A.
duodenale has been estimated to cause a mean
blood loss of about 0.08 £ 0.02 ml per day (Awogun
et al.,, 1995; WHO 1994). These measurements of
feeding activity explain the pathogenicity of
hookworm and account for their contribution to the
development of iron-deficiency (hypochromic)
anaemia.

Over the past four decades various studies
have been conducted in different parts of Nigeria to
elucidate principally, the epidemiological profiles of
intestinal and other human infections. Okpala
(1961), Okpala and Njoku-Obi (1978) carried out
investigations on the prevalence of intestinal
helminths in Lagos and Nsukka areas respectively
while Onubogu (1978) and Udonsi (1984, 1992)
conducted epidemiological investigations in parts of
old Anambra, Imo and Rivers States on features of
intestinal nematode infections.

There is a dearth of published data on
geohelminth epidemiological surveys in parts of
Ebonyi State since the state was excised out of the
former Enugu and Abia States in 1996.
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Understanding the environmental limits of infection
can aid the targeting of national control strategies.
The gathering of information on the prevalence of
infection and morbidity is an essential prerequisite
for control implementation. For effective control
strategies parasitological surveys have to be area-
specific since nation-wide prevalence statistics do
not say much (Montressor et al., 1998).

This  preliminary survey is aimed
specifically at establishing the status of, and
providing the baseline information on the
prevalence and intensity of the soil-transmitted
infections among school children within the study
localities. The data derived from the study could be
incorporated into the Primary Health Care (PHC)
delivery programme currently receiving attention by
the three tiers of government.

MATERIALS AND METHODS

The Study Area: Ishielu Local Government Area
(LGA) where the study was conducted is one of the
thirteen local government areas of Ebonyi state and
is located within longitudes 7° 45’ E to 8° 00’ East,
and latitudes 6° 15' N to 6° 39’ N. It lies about 37
km west of Abakaliki, the state capital. The LGA is
bounded by Benue State to the north, Onicha LGA
to the south, Enugu State to the west while to the
east lie Ohaukwu and Ezza-North Local Government
Areas. Ishielu LGA is composed of 17 autonomous
communities, namely Obogu, Egedege, Emazu,
Umuhuali, Nkalagu, Edema, Ezillo, Abonyi,
Isinkpuma, Ntezi, Okpoto, Lobo, Ogboji, Agba,
Egbuho, Ohafia Agba and Ezzagu. The estimated
population of the LGA is 153,846 based on the 1991
Nigerian national population census figures and a
WHO annual population growth rate of 2% %. The
LGA is also the location of a cement factory at
Nkalagu and a state-owned agricultural farm at
Ezillo. In terms of soil and climate the area is
ecologically homogeneous and the vegetation is of
the typical guinea savanna mosaic type with gently
undulating rocky lowland composed mostly of
limestone (Ofomata, 1978).

The water supply system of the LGA is
generally poor. The Ebonyi river with its major
tributary, the Ora river system meanders in a north-
south direction and roughly bisects the local
government. In many communities the United
Nations  International  Children’s  Emergency
Fund(UNICEF)-assisted bore-hole hand pumps and
the Japanese International Cooperation Agency
(JICA)-built water mini reservoirs have broken
down, compelling the affected villagers to resort to
the seasonal streams, stagnant pools and ponds
created by road construction and quarrying
activities for their water needs.

Farming is the major occupation of the
inhabitants of the study area. Farm produce include
cassava, yam, rice, groundnut, mangoes, oranges,
tomatoes and vegetables, most of which are grown
in farms around the homesteads. Compost and
human wastes are routinely used as farm manure
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to compensate partly for inadequate availability of
commercial fertilizers and other farm inputs.

To a large extent, health care facilities are
provided by health clinics, patent medicine dealers,
drug peddlers and traditional herbal homes. Toilet
facilities are generally discharged indiscriminately in
lands surrounding the human habitation where
vegetables and other crops are grown. This practice
creates  favourable  environment for  the
development and transmission of the soil-
transmitted helminth parasites.

Study Design and Population: Before the
commencement of the survey, the local government
education secretary was consulted on the purpose
of the study and his permission and support were
obtained. Prior to the enrolment of the pupils into
the study, the head-teachers, teachers and
parents/guardians of the pupils were briefed
comprehensively on the benefits of the study to the
population and the relevance of the diseases
investigated. This was done to dispel any
misconception and ensure community cooperation.

The target population of the survey was
primary school children because the peak
prevalence of geohelminth (except hook worms) is
usually found in this age-group (Bundy et al,
1987). Secondly, primary schools are accessible
and there is generally good compliance from pupils
and parents. Thirdly, data derived from primary
school children can be used to assess not only
whether geohelminthiasis threatens the health of
school-age children, but also as a reference for
evaluating the need for community intervention.

As the study area is ecologically and
environmentally homogeneous, and in order to
achieve the objective of the study, a sample size of
420 pupils was used drawn from 8 schools. The
study was conducted in the months of May and
June — the period of high humidity and
temperature.

Selection of Schools and Data Collection: A
list of primary schools and the number of pupils
enrolled in each was obtained from the local
government education authority at Ezillo — the Local
Government headquarters. The eight (8) schools
were selected using the simplified method for
cluster sample utilizing sampling with probability
proportional to size, to ensure coverage of the
entire local government area, and which allows
every school listed the chance of being selected.
Schools were eligible for selection if there were
more than 150 pupils enrolled and if there were
enough pupils to be studied in the different age
categories. Pupils in primaries 1 to 6 were eligible
for study. Eligible pupils were excluded from the
survey if they did not obtain parental/guardian
permission to participate or did not provide stool
samples, or had severe diarrhoea or had of recent
been transferred to the school from outside the
local government area.
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Every eligible pupil was provided with a
clean stool specimen container with provision for
name, age, sex and locality in which to bring a
fresh stool sample the following day. 10 % formalin
was added to each specimen in order to preserve
the ova of the helminths. Samples of equal
numbers of male and female pupils in the age
groups were randomly selected for study in each
school.

Faecal Examination: Parasitological diagnosis of
the parasites was carried out by analysing stool
samples for presence of the ova using the Kato-
Katz technique (WHO, 1994) as follows.

1. Cellophane strips 25 x 30

log (epg + 1) is the sum of the logarithm of each
individual epg. A value of 1 is added to each egg
count to permit calculation of the logarithm in case
the number of eggs per gram (epg) was zero.

Data from the parasitological examination
together with the name, age and sex of the pupil
examined were recorded on a form and entered on
computer software for statistical and
epidemiological analysis using the Epilnfo software
package. x* and students't — test were used to
asses differences in the prevalences and intensity of
infection respectively. Results were considered
statistically significant at p < 0.05.

mm or 25 x 35 mm were Table 1: Thresholds for the classes of intensity for different
soaked in 50 % glycerol- helminthiases in stools

malachite green (or  Geohelminth
methylene blue) solution
for 24 hours before use

Light Moderate Heavy
Intensity Intensity Intensity
Infection JInfection Infection

1-4,999epg 5,000-9,999 epg > 50,000 epg
1-999 epg 1,000 - 9,999 epg > 10,000 epg
1—1,999 epg 2,000 — 3,999 epg > 4,000 epg

2. A small amount of faeces Ascaris lumbricoides
was transferred onto a  [fichuris trichiura
; Hookworm
piece of newspaper
3. A plastic screen of 60 — 105 mesh was
pressed on top of the faecal sample.
4. Using a flat-sided applicator stick, the

upper surface of the screen was scrapped
to sieve the faecal sample.

5. A plastic template was then placed on a
clean microscopic slide
6. A small amount of the sieved material was

transferred into the hole of the template
and the hole was carefully filled and
leveled with the applicator stick.

7. The template was then carefully removed
making sure that all the faecal material
was left on the slide and none was left
sticking to the template.

8. The faecal sample on the slide was
covered with glycerol-soaked cellophane
strip wiping off excess glycerol if present
on the upper surface of the cellophane
with toilet tissue.

9. The microscope slide was then inverted
and the faecal sample pressed against the
cellophane on a smooth surface to spread
the sample evenly.

10. The slide was then removed by gently
sliding it sideways and holding the
cellophane firmly.

Quality Control and Data Analysis: The slides
were examined within one hour of preparation to
avoid over clarification of the hookworm eggs. A
random sample of 10 % of the faecal smears was
read by two different parasitologists to evaluate the
accuracy of the diagnosis and the precision of the
egg counts. Slides were re-examined if the quality
control showed a>10 % difference in egg counts.
As the sensitivity of the Kato-Katz method
could be influenced by the intensity of infection,
analysis of variance was used to compare the
logarithmically transformed egg counts and
estimated as (2 log (epg + 1) / n) — 1, where X%

Intensity of Infection: At individual level the
intensity of infection was measured indirectly as
eggs per gram of faecal matter (epg). The intensity
of infection allows for the quantification of the
proportion of individuals suffering severe
consequences and was classified as follows, based
on the thresholds proposed by WHO (1987) (Table
1).

RESULTS

The gender-related prevalence of geohelminthiasis
among primary school children in different localities
of Ishielu Local Government Area (LGA) is shown in
Table 2. Out of the 420 pupils of both sexes
screened for the presence of the ova of the
parasites in 8 localities, 240 children composed of
29.4% males (n = 124) and 27.6 % females (n =
116) were infected with one or more of the
parasites indicating an overall prevalence of 57.1
%. The geohelminth (soil-transmitted) parasites
identified were Ascaris lumbricoides (32.9 %),
Trichuris trichiura (20.5 %) and hookworm (32.9
%). In 7/8 (87.5 %) of the schools surveyed over
50 % of the pupils were infected with one or more
of the parasites.

Infection of both sexes was generally
widespread. School- specific prevalence ranged
from 44 % at Nkalagu Junction primary school to
63.3 % at the community primary schools of
Umuhuali in the north-west and Agba in the south
of the LGA. Generally, the distribution of the
infections appears not to be gender-dependent and
the between-sex prevalence rate was not
statistically significant (P > 0.05). The results also
indicate that schools located along the major roads,
(at Nkalagu, Ezillo and Ntezi) recorded lower
prevalence rates than those situated further in the
hinterland (Ohafia Agba, and Umuhuali). The
association is significant statistically (P < 0.05).
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Table 2: Gender-Specific Prevalence of Geohelminths in Different Primary Schools of Ishielu Local

Government Area, Ebonyi State, Nigeria
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Locality of school Number Soil-transmitted helminthes (%) Total (%)
examined Ascaris Trichuris Hookworm
(n = 420) lumbricoides trichiura
Umuhuali Male [30] 11(18.3) 7(11.3) 3(5.0) 21(35.0)
Female [30] 7(11.7) 9(15.0) 1(1.7) 17(28.3)
Nkalagu Male [25] 8(16.0) 4(8.0) 12.0) 13(26.0)
Female [25] 5(10.0) 4(8.0) 0(0.0) 9(18.0)
Ezillo Male [25] 7(14.0) 4(8.0) 1(2.0) 12(24.0)
Female [25] 11(22.0) 5(10.0) 1(2.0) 17(34.0)
Isinkpuma Male [25] 6(12.0) 7(14.0) 3(6.0) 17(34.0)
Female [25] 6(12.0) 5(10.0) 0(0.0) 11(22.0)
Ntezi Male [25] 6(12.0) 3(6.0) 2(4.0) 11(22.0)
Female [25] 9(18.0) 5(10.0) 1(2.0) 15(30.0)
Okpoto Male [25] 12(24.0) 5(10.0) 1(2.0) 18(36.0)
Female [25] 918.0) 2(4.0) 0(0.0) 11(24.0)
Ohafia Agba Male [25] 7(14.0) 4(8.0) 0(0.0) 11(22.0)
Female [25] 12(24.0) 8(16.0) 0(0.0) 20(40.0)
Agba Male [30] 13(21.7) 9(5.0) 1(1.7) 23(46.0)
Female [30] 9(15.0) 5(8.3) 1(1.7) 15(30.0)
Total 420 138 (32.9) 86(20.5) 16(3.8) 240(57.1)

Table 3 shows the age-and locality-specific
distribution of the soil-transmitted helminth
parasites (geohelminths) among school children
aged 5 to 14 years in the 8 study primary schools of
Ishielu LGA. The infections were not over dispersed
but appeared to be widespread in all the various
age groups studied. The infections also appeared to
be age-dependent as there was a marked
association between age of the pupil and the
prevalence of the infections by the various
geohelminth parasites. In all the different study
areas children aged 5 — 6 years had a lower rate of
infection than other age groups, ranging from 2
(4.0%) at Okpoto, Ntezi, and Nkalagu schools to 6
(12.0%) in Ohafia Agba community primary school.
Pupils aged 7-10 years (n = 98) had an infection
rate of 23.3% while others, aged 11-14 years (n =
113) recorded the highest prevalence rate of
26.7%. Between-age difference was not statistically
significant (p > 0.05). The age-related prevalence
of specific geohelminths in the different study
localities is shown in Table 3: The dominant
geohelminth species, Ascaris lumbricoides was non-
randomly distributed in all the various age groups in
all the study areas affecting 137 (32.6%) of the
study population. The infection and its distribution
was not age-dependent. As with A. /umbricoides
infection, the hookworm infection was non-
randomly distributed. However, the distribution of
the hookworm parasites in the study population
was age-dependent as 82.3% (n = 14) of all
hookworm cases detected in all the localities
affected pupils in the age group (11-14) years.
Generally, the hookworms affected teenagers in the
(13-14) years age bracket more than any other age
group within the scope of the study.

Trichuris trichiura was also not over
dispersed affecting generally all age categories. At
Umuhuoli in the north-west, Agba and Ohafia Agba
in the south, every age category was infected with
T. trichiura. The between-age difference in
prevalence was not statistically significant (p>0.05)

in trichuriasis. Slight within-age variations in the
distribution pattern of trichuriasis were also
recorded in the various age categories. The highest
prevalence of trichiuriasis (5.0%) was recorded for
pupils (n=21) aged 11-12 years, followed by 4.5%
(n=19) for respondents in the 9-10 years age
group. The lowest prevalence rate of 3.1% was
recorded for pupils in the 5 - 6 age group.

The number of individuals of a particular
parasite species in a single infected school pupil,
that is, the intensity of the parasite species within a
given host is shown in Table 5. Generally the mean
intensity of infection of the observed geohelminths
(Ascaris, Trichuris, and hookworm) were of the light
category (< 4999 epg for the Ascaris lumbricoides;
(< 999 epg for_Trichuris trichiura, and < 1999 epg
for hookworm). Out of the 137 ascariasis-positive
children from the study schools 48.2% (n = 66)
showed mean egg count > 1000 gram faecal
matter; 10.2% (n = 14) had mean intensity of
infection > 900 ova per gram faecal matter, and
41.6% (n = 57) egg count > 900 per gram faeces.
The heaviest ascariasis infection was recorded for
the 22 pupils of Agba primary school, mean
intensity 1148 epg (range 864 - 1488). At Okpoto
and Umuhuali the mean intensities of ascariasis
infection were 1051 epg count (range 840-1320)
and 1019 epg (range 240 - 1920) respectively. The
lightest infection, mean epg 655 (range 288 - 960)
was recorded for 13 infected pupils at Nkalagu
Junction primary school.

Light infections of trichuriasis (< 999) epg
were recorded in all the study primary schools. The
least mean intensity of infection of 707 epg (range
528 - 912) was recorded for 9 pupils of Ezillo
primary school, followed in ascending order of
mean epg by Nkalagu Junction primary school,
mean epg 771, (range 624 - 912); Umuhuali
primary school mean epg 780 (range 624 - 980);
Agba primary school mean epg 804 (range 768-
900); Isimkpuma primary school, mean epg 811
(range 534-920); Ntezi primary school, mean epg
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Table 3: Age and Locality Related Distribution
of Geohelminth Infections Among School
Children in Ishielu Local Government Area,
Ebonyi State, Nigeria

SCHOOL Age Number Number
Group Examined Infected
(Year) (N = 420) (%)
Community 5-6 12 5(8.3)
primary 7-8 12 10(16.7)
school, 9-10 12 8(13.3)
Unuhuali 11-12 12 8(13.3)
13-14 12 7(11.7)
Sub-total: 60 38
Junction 5-6 10 2(4.0)
Primary 7-8 10 4(8.0)
School, 9-10 10 4(8.0)
Nkalagu 11-12 10 6(12.0)
13-14 10 6(12.0)
Sub-total: 50 22
Community 5-6 10 4(8.0)
Primary 7-8 10 6(12.0)
School 9-10 10 7(14.0)
Ezillo 11-12 10 7(14.0)
13-14 10 5(10.0)
Sub-total: 50 29
Community 5-6 10 3(6.0)
Primary 7-8 10 3(6.0)
School, 9-10 10 8(16.0)
Isinkpuma 11-12 10 6(12.0)
13-14 10 7(14.0)
Sub-total: 50 27
Community 5-6 10 2(4.0)
Primary 7-8 10 4(8.0)
School, Ntezi 9-10 10 6(12.0)
11-12 10 7(14.0)
13-14 10 7(14.0)
Sub-total: 50 26
Central 5-6 10 2(4.0)
School 7-8 10 4(8.0)
Okpoto 9-10 10 7(14.0)
11-12 10 7(14.0)
13- 14 10 9(18.0)
Sub-total: 50 29
Community 5-6 10 6(12.0)
Primary 7-8 10 6(12.0)
School, 9-10 10 7(14.0)
Ohafia Agba 11-12 10 5(10.0)
13-14 10 7(14.0)
Sub-total: 50 31
Central 5-6 12 5(10.0)
Primary 7-8 12 7(14.0)
School, Agba 9-10 12 7(14.0)
11-12 12 9(18.0)
13- 14 12 10(20.0)
Sub-total: 60 38
Total 420 240(57.1)

822 (range 672 - 988); Ohafia Agba primary school,
mean epg 838 (range 840 - 898) and Okpoto
primary school, mean epg 881 (range 648 - 908).
Moderate infections of trichuriasis (1000 - 9999)
epg were also observed in all the study schools with
the exception of schools at Ezillo and Nkalagu. At
Ntezi primary school a single male pupil was
recorded to have moderate infection of trichuriasis
of 1010 epg.

The intensity of hookworm infection, as
with other geohelminth parasites encountered, was
of the light category (< 1999) epg in the schools

studied except at Ohafia Agba primary school
where zero ancylostomiasis was recorded. A peak
mean intensity of 168 epg (range 144 - 192) was
recorded for 2 pupils at Okpoto primary school,
followed by 156 epg (range 120 — 192) for 2 other
pupils at Agba primary school. The lowest intensity
of ancylostomiasis infection was obtained from the
only pupil observed to be infected at Nkalagu
junction primary school with 53 epg.

DISCUSSION

The overall prevalence of 57.1 % geohelminthiasis
recorded in the present study not only establishes
the endemicity of the geohelminth parasites but
also indicates that Ascariasis, trichuriasis and
human hookworm are the principal geohelminth
nematode infections among primary school children
in Ishielu Local Government Area of Ebonyi State.
The study further indicates that the major soil-
transmitted nematode parasites infecting
susceptible pupils in primary schools and by
implication the population in the ecologically
homogeneous communities of north-western Ebonyi
State are Ascaris lumbricoides, Trichuris trichiura,
and the human hookworms (Table 2). The
explanation revolves around various environmental,
behavioural, and social factors. Of the external
factors affecting the population dynamics of the
geohelminths, the diet of the host is one of the
most basic. It has been established that almost all
of the entire parasites within a definitive host are
present because the host ingested an infective
stage of the parasite. Thus the distribution of A.
lumbricoides, T. trichiura, and the human
hookworm parasites (all of which possess direct life
cycle patterns) depend, to a large extent on the
dietary habits and the associated personal food
hygiene of the affected Ishielu people. Although
large quantities of fruits and vegetables are
produced in the study areas and therefore
constitute major sources of diet, the relative
scarcity of good water supply in the study
communities has affected the general standard of
sanitation and personal hygiene and significantly
impacted on the transmission dynamics of the
parasites. The widespread prevalence of the
parasites in both sexes is indicative of the general
ignorance of the modes of transmission of the
parasites. While the dynamics of A. /lumbricoides
infection are essentially the same as those of 7.
trichiura, both being acquired by the population
through accidental ingestion of the soil
contaminated eggs, the hookworm infection, on the
other hand is acquired by the natives through the
soil-dwelling filariform larvae that actively penetrate
the skin of their bare-footed susceptible hosts.

The notion of susceptibility of the host to
the acquisition of the geohelminths may be
associated with the non-genetic factors such as
personal hygiene, indiscriminate defaecation
practices, water usage resources and
socioeconomic status.
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Table 4: Age-related Prevalence of Specific Geohelminths in Different Localities of Ishielu Local

Government Area, Ebonyi State, Nigeria.

Locality Number Number Age geohelminths Concomitant
examined infected group A. lumbricoides T. trichiura Hookworm infection
(n = 420) (n=240) (years) (%) (%) (%)
(%)
Umuhuali 60 38(63.3) 5-6 4(6.7) 2(3.3) 0(0.0) 0
7-8 5(8.3) 2(3.3) 1(1.7) 3
9-10 4(6.7) 3(5.0) 0(0.0) 3
11-12 3(5.0) 4(6.7) 1(1.7) 2
13- 14 2(3.3) 5(8.3) 2(3.3) 2
Nkalagu 50 22(44) 5-6 2(4.0) 0(0.0) 0(0.0) 0
7-8 3(6.0) 1(2.0) 0(0.0) 1
9-10 3(6.0) 1(2.0) 0(0.0) 0
11-12 24.0) 2(4.0) 1(2.0) 0
13-14 3(6.0) 4(8.0) 0(0.0) 0
Ezillo 50 29(58) 5-6 4(8.0) 1(2.0) 0(0.0) 1
7-8 4(8.0) 0(0.0) 0(0.0) 1
9-10 5(10.0) 3(6.0) 1(2.0) 0
11-12 2(4.0) 3(6.0) 0(0.0) 0
13- 14 3(6.0) 2(4.0) 1(2.0) 0
Isinkpuma 50 27(54) 5-6 3 (6.0) 2(4.0) 0(0.0) 0
7-8 3 (6.0) 4(8.0) 1(2.0) 2
9-10 2(4.0) 3(6.0) 0(0.0) 0
11-12 1(2.0) 3(6.0) 1(2.0) 1
13- 14 3(6.0) 0(0.0) 1(2.0) 0
Ntezi 50 26(52) 5-6 2(4.0) 1(2.0) 0(0.0) 0
7-8 3(6.0) 0(0.0) 1(2.0) 2
9-10 4(8.0) 2(4.0) 0(0.0) 1
11-12 2(4.0) 2(4.0) 1(2.0) 1
13-14 4(8.0) 3(6.0) 1(2.0) 0
Okpoto 50 29(58) 5-6 4(8.0) 2(4.0) 1(2.0) 2
7-8 5(10.0) 1(2.0) 0(0.0) 1
9-10 3(6.0) 2(4.0) 0(0.0) 2
11-12 3(6.0) 2(4.0) 0(2.0) 0
13-14 5(10.0) 0(0.0) 1(0.0) 0
Ohafia Agba 50 31(62) 5-6 4(8.0) 3(6.0) 0(0.0) 1
7-8 3(6.0) 3(6.0) 0(0.0) 2
9-10 3(6.0) 2(4.0) 0(0.0) 1
11-12 48.0) 3(6.0) 0(0.0) 0
13-14 5(10.0) 1(2.0) 0(0.0) 0
Agba 60 38(63.3) 5-6 5(8.3) 2(3.3) 0(0.0) 1
7-8 6(10.8) 4(6.7) 0(0.0) 1
9-10 5 (8.3) 3(5.0) 0(0.0) 0
11-12 3(5.0) 2(3.3) 0(0.0) 1
13-14 3(5.0) 3(5.0) 2(3.3) 0
TOTAL 420 240 (57.1) 137(32.6) 85(20.5) 17(4.0) 32(13.3)
Any of these factors could influence the Within the narrow age-limits of the study,
transmission dynamics of these soil-transmitted the infectious geohelminth  parasites were

parasites in such a way as to create the impression
of susceptibility. The longevity of A. /lumbricoides
ova also contributes to the infectious dynamics of
that parasite species as it has been shown that the
eggs kept for 10 years in the soil could still be
infective (Brudastor et al/, 1971). As a result of
such longevity it is difficult to prevent infection and
re-infection when hectares of farmland surrounding
human habitations as found in the study have been
polluted with A. lumbricoides ova.

widespread, gender independent and not over
dispersed (Tables 2, 3 and 4). The results are in
conformity with those of earlier studies which
established that young children are more vulnerable
to many enteric infections than are adults and are
the more responsible for contaminating the
environment and transmitting the infections
(Albonico et al, 2002; Agbolade et al, 2004;
Adeyeba and Akinlabi, 2002).
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Table 5: Intensity of infection of geohelminth parasites among primary school children in Ishielu area of Ebonyi State, Nigeria
Locality Umuhuali Nkalagu Ezillo Isinkpuma
No Infected Mean epg No Infected Mean epg No Infected Mean epg No Infected Mean epg
(range ) (range) (range) (range)
Helminth Infection
Ascaris lumbricoides 18 13 18 12
Light 1-4,999 epg 18 1019 13 655 18 848(600-1104) 12 808
(240-1920) (288-960) (600-1200)
Moderate 5,000 - 9,999 epg - - - - - - - -
Heavy = 10,000 epg - - - - - - - -
Trichuris trichiura 16 8 9 12
Light 1- 4,999 epg 14 780 8 771 9 707 7 811
(624-980) (624-912) (528-912) (534-920)
Moderate 5000-9,999 epg 2 1007 - - 5 1020
(1002-1012) (1006-1220)
Heavy = 10,000 epg - - - - - - - -
Hook Worm 4 1 2 3
Light 1-1,999 epg 4 84 1 2 48 3 120
(54-128)1 (24-72) (48-192)
Moderate 2000 - 3,999 epg - - - - - - - -
Heavy = 4000 epg - - - - - - - -
Ntezi Okpoto Ohafia Agba Agba
Helminth Infection
Ascaris lumbricoides 15 20 19 22
Light 1-4,999 epg 15 968 20 1051 19 971 22 1148
(792-1104) (840-1320) (720-1152) (864-1488)
Moderate 5,000-9,999 epg - - - -
Heavy =10,00 epg - - - -
Trichuris trichiura 8 7 12 14
Light 1-999 epg 7 822 5 881 4 838 7 804
(672-988) (648-908) (840-898) (768-900)
Moderate 1000-9,999 epg 1 2 1102 8 1004 7 1202
(1101-1103) (1002-1022) (1002-1020)
Heavy = 10,000 epg - - - - - - - -
Hook Worm 3 2 0 2
Light 1-1,999 epg 3 126 2 168 0 2 156
(96-168) (144-192) 120-192

Moderate 2000-3,999 epg - - - - - - - -
Heavy = 4000 epg - - - - - - - -

epg= eggs per gram of faeces.
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Even within the narrow age range, the results
indicate that children in the 5 — 6 year age group
generally showed the lowest infection rate while the
older ones aged 11-14 years were the most heavily
infected suggesting that even among the
susceptible population of children, the infection is
age dependent with a marked association between
age and prevalence (Table 3) — a situation
attributable to exposure to the risk factors.

In investigations involving entire local
populations (young children and adults), A.
lumbricoides, T. trichiura and hookworm parasite
infections are commonly over dispersed, with a
small segment of the population harbouring
infections of high intensity. The small number of
infected individuals seem to be predisposed to
infection (Chan et al, 1992; 1994; Kightlinger et
al., 1995). In the current study, the investigation
centers specifically around the more susceptible
segment of the local population; viz. infants and
teenage primary school pupils aged < 15 years. The
age of the study population has consequently
impacted on the non-random nature of the over
dispersion frequency. Like susceptibility,
predisposition of the children to the geohelminth
parasites may also be due to behavioural, social
and environmental factors acting alone or in
combination. Some evidence of predisposition has
suggested genetic susceptibility (Holland, et al.,
1992) but others have suggested that genetic
factors, if any, are overwhelmed by environmental
or behavioural characteristics of the host (Chan, et
al, 1994). Indiscriminate defaecation practices,
inadequate personal hygiene therefore appear to be
important factors in creating the different frequency
distribution patterns of the three geohelminth
parasites. Defaecating indiscriminately, particularly
near human dwellings usually seeds the soil with
the Ascaris and Trichuris ova that remain viable for
considerable long periods of time. On the other
hand hookworm parasites appear to have an age-
dependent pattern of infection in that older teenage
pupils who are more intensively exposed to
infection by tiling the soil polluted with the
geohelminth ova, gathering of fruits and vegetables
and participation in other household chores that
bring them more into contact with the soil, appear
likely to have more hookworm than their younger
colleagues. Although the intensity of the
geohelminths infection was generally light,
moderate infection of 7. frichiura (100 — 9999) eggs
per gram faecal matter was recorded in 6/8 (75 %)
of the study primary schools. In terms of intensity
of infection T7richunis trichiura is the dominant
species encountered. The light intensity of infection
recorded may be attributed to a number of factors
including the estimating technique, and the internal
environmental factors within the host affecting
parasite  densities and fecundity including
interactions among parasite populations within
species and between species. The technique of
estimating the parasite density relying on the faecal
egg counts as used in this study has the primary
limitation in relation to the variability in the number
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of ova discharged by specific parasite per day over
a given period of time. The internal environmental
factors that may affect the geohelminth parasite
densities in the study areas are complex because
several phenomena such as behaviour, host and
parasite genetics, natural and acquired resistance,
among other factors, are involved and these factors
frequently act in concert. Among the internal
environmental factors possibly involved in the
present study are density-dependent constraints
created by interspecific parasite competition which
causes the variability in daily egg output. It has also
been established that egg out put by some enteric
helminth parasites such as Ascaris sp. and Trichuris
sp. will increase as parasite densities increase but
only until a threshold is reached and then it may
decline or fluctuate (Holland et a/., 1988; Elkins and
Haswell-Elkins, 1989). From the results obtained on
the intensity of infection of the geohelminths, it
may be inferred that the number of parasite ova
per individual host determines the risk of morbidity.
It would also be inferred that in the absence of
clinically overt infection, the intensity of egg output
is an indicator of latent morbid state, because the
greater the egg counts the greater the number of
female helminth parasites present.

In conclusion the results advocate for a
deworming programme to avert possible impact on
the physical, mental and cognitive development of
the at-risk children in the endemic localities of rural
Ebonyi State.
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ABSTRACT

This paper describes the growth response of the developmental stages of hybrid catfish resulting
from the crossing of Heterobranchus bidorsalis (male) and Clarias gariepinus (female), fed with
different feed rations. Hatchlings of the hybrid catfish were cultured in plastic aquaria set up at the
fish hatchery complex, Nnamdi Azikiwe University, Awka. The hatchlings were fed and observed for
91 days. Different food items such as artificially compounded feed, zooplankton / live organisms,
Moina sp and Brachionus sp, and a mixture of zooplankton (Moina sp and Brachionus sp) and
artificially compounded feed were administered. The mixture gave the best result with a mean
weight of 7.92g + 2.73g, followed by those fed Moina sp (1.93g + 0.27) and Brachionus sp (1.80g =+
0.32) respectively. Hatchlings fed only artificially compounded feed exhibited the poorest growth. A
mixture of live food organisms and artificially compounded feed is thus recommended for better

growth response of catfish hybrid, (H. bidorsalis & x C. gariepinus ¢).

Keywords: Catfish hybrid, Hatchlings, Juveniles, Diet, Growth

INTRODUCTION

The fish species Clarias and Heterobranchus (Family:
Clariidae) are very common and widely distributed
throughout Africa. They can grow to large sizes of over
10 kg and are in high market demand as table fish,
being tasty and scaleless. Clarias do not grow as large
or as quickly as Heterobranchus. Heterobranchus on
the other hand, do not have the same survival rate as
Clarias. The hybrid catfish referred to locally as
“Heteroclarias” combines fast growth and high
survival, thus, considerable attention is being given to
the catfish hybrid, especially in intensive and semi-
intensive pond culture.

A major pre-requisite for successful fish
farming enterprise is a reliable and consistent source
of fish seeds (fingerlings) of the commercially
important species (Nwuba and Aguigwo, 2002). The
surest and most reliable source of supply is to produce
the fingerlings under a controlled system, usually in a
hatchery. Not only is reproduction controlled, but the
survival of hatchlings is maximized through adequate
care and management (Madu and Ita, 1991). One of
the major challenges in hatchery management is the
provision of adequate and appropriate food for the fish
hatchlings. This is because most formulated feed come
either in pellets or sizes not small enough for the
hatchlings to swallow; imbalanced or insufficient
nutrient content, and probably, the adaptation of the
fish gut to solid food from plant origin. As a result,
there is wusually high mortality rate when fish
hatchlings change from endogenous to exogenous
feeding after the first three to four days of their life.
Growth may be retarded as development of sensory
and motor capabilites and development of
physiological characteristics occur during the early life
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stage and affect survival and competitive ability.
According to Hyatt (1979), the first few months of life
are perhaps the most critical for the survival of
juvenile fish. Presently, most hatcheries are trying to
make use of live zooplankton to meet the challenge of
feeding fish hatchlings. According to Piggot and Tucker
(1989), fish can swallow live prey of much larger size
than dry formulated feed due to the elastic nature of
live feed. Nwuba and Aguigwo (2002), however,
reported that any single diet of either artificially
compounded feed only or zooplankton only, could not
sustain Clarias anguiflaris hatchlings beyond a certain
age but that addition of supplemental feed to live food
offers better growth to growing hatchlings of the fish
species. This paper investigates the effect of different
food items on the growth response of the
developmental stages of the catfish hybrid,
Heterobranchus bidorsalis 3 x Clarias gariepinus 2.

MATERIALS AND METHODS

Hybrid: Hatchlings of hybrid catfish were produced
through hormone induced breeding at Aquafish farms,
lhiala, and transferred to the fish hatchery complex,
Zoology Department, Nnamdi Azikiwe University, Awka
on the fourth day of life after hatching. The hatchlings
were stocked in twelve forty (40) litre plastic aquaria
with twenty (20) litres of water each and eighty (80)
hatchlings per aquarium. The aquaria were divided
into four groups according to the number of test diets,
with each group having three replicates. The aquaria
and groups were labeled accordingly, Diet I, II, III,
and IV. Diet | was formulated diet, Diet Il and IlI live
organisms of Moina sp and Brachionus sp respectively
and Diet IV a mixture of the formulated diet and the
live organisms.

ARI 2007 4(2): 662 — 665
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The appropriate food items were administered in the
various aquaria from the fifth day of life and the effect
of the food items on the growth of the hatchlings was
monitored for ninety-one (91) days.

Artificial Diet: Artificial diet was prepared to contain
40 % crude protein (Table 1). The mass of individual
feed ingredients used was calculated using the
Pearson’s square method (Pearson, 1976). The feed
ingredients were milled and finely sieved. Each
ingredient was separately weighed out, to a total of
200g of ingredients. The feedstuffs were thoroughly
mixed together, with 80 ml of water added to form
homogenous and well-kneaded dough. The dough was
pressure cooked to help gelatinization of the feed and
aid the release of necessary nutrients. The cooked
dough was extruded as semi-moist pellets using a
hand cranked pelletizer. The pellets were sun-dried,
milled again, finely sieved and stored in sealed
polythene bags.

Table 1: Weights of dietary ingredients and
proximate composition of formulated diet

Ingredients Weight(g)
Crayfish 63.0
Soya bean 63.0
Corn meal 72.0
Vitamin/Mineral Premix 1.0
Salt 0.5

Oil 0.5
Proximate composition

Food class % composition
Protein 39.81
Fibre 2.40
Ash 6.12
Moisture 10.83
Fat 11.90
Carbohydrate 28.92

The milled feed was dispensed manually into the
water in the appropriate aquaria at 5 % body weight
of the fish in the aquaria once daily. The proximate
composition of the formulated diet fed to the hybrid
catfish hatchlings was as shown in Table 1.

Live Diet: Zooplankton, Moina sp and Brachionus sp
were isolated and cultured in plastic aquaria using
slight modifications of techniques reported by Adeniji
and Ovie (1986) and Ovie et a/ (1993). The live diets
used were identified by viewing water samples under
an Olympus Tokyo (HSB 376700) microscope and
using the identification key given by Jeje and Fernando
(1988). Moina sp was harvested from the culture
aquaria very early in the morning and fed to the fish
hatchlings twice daily at an estimated rate of five
hundred (500) organisms per litre of water. Brachionus
sp was also harvested in the morning and fed to the
fish hatchlings twice daily at the rate of six hundred
(600) organisms per litre of water. The density of
harvested zooplankton was estimated using the
volumetric method: Density of organisms = X/W x V;
where X = number of organisms in a drop of culture
water, W = volume of drop of water and V = total
volume of water fed to aquarium. Another method of
Escritor and Javallana (1981) as described by Ovie and

Fali (1989) was used to determine feeding volume of
harvested zooplankton in which: N = X /Y x V; where:
N = volume of water (with zooplankton) to be fed the
aquarium, X = actual count / density at source and V
= volume of water in aquarium.

A beaker was used to take up the
zooplankton and water, which was then poured gently
into the appropriate aquaria when feeding.

Fish hatchlings were counted every five (5)
days to minimize stress due to excessive handling

The length and weight of hatchlings were
also monitored. Measurement of fish length started on
the thirty-first day from when feeding started. A
graduated test-tube was used for measuring the
length of the fish. Measurement of fish weight started
on the forty-first day.

The water in the aquaria were initially
changed daily (for the first ten days) and then every
other day. The aquaria were washed every five days,
when the hatchlings were weighed. Water parameters
such as temperature, pH and dissolved oxygen were
also monitored.

Data Analysis: The data for hatchling growth were
analyzed using a one-way Analysis of Variance
(ANOVA) and Fisher’s Least Significant Difference (F-
LSD) at P = 0.01 and 0.05.

RESULTS

The growth performance of hybrid catfish hatchlings
fed different diets for 91 days is shown in Tables 2 and
3. The length and weight were used as index of
growth. Fish fed a mixture of zooplankton and artificial
diet with a final mean weight of 7.92g + 2.73g
exhibited better growth, over those fed single diets of
only zooplankton or artificial diet. The mean daily
temperatures were similar for all the aquaria and stood
at 25.2°C + 0.024°C. Average pH for treatment
aquaria stood at 6.80 = 0.01 for Moina sp and
Brachionus sp; 6.92 + 0.018 for mixture of artificial
feed and zooplankton and 6.95 + 0.03 for artificially
formulated feed. Dissolved oxygen (DO) stood at 5.84
+ 0.014 mg / litre on the average.

DISCUSSION

The growth performance recorded in this study
supports the view held by Tacon (1993) that it is
erroneous to mislead researchers and farmers into
believing that the only economic way of feeding fish is
by using a high quality “complete” pelleted diet.
Feeding of hybrid catfish hatchlings with live
organisms, improved the growth performance over
feeding with complete artificial diet as opined by Ovie
and Fali (1989), Jeje (1992) and Bone et a/ (1995).
The final mean weights of fish fed Moina sp (1.93g *
0.27) and those fed Brachionus sp (1.80g + 0.32) were
not statistically different, suggesting that as long as
the live organisms (zooplankton) is of acceptable size,
the species of natural zooplankton used for feeding
may not matter. Any freshwater zooplankton species
could suffice, barring any defensive adaptations,
although hardier and easier to propagate species like
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Table 2: Growth in weight of H. bidorsalis x C. gariepinus hybrid juveniles fed different live and
artificial diet combinations

Diets Days
41 46 56 61 66 71 76 81 86 91
Moina sp 0.174  0.225 0.299 0.386 0.496 0.621 0.803 0.987 1.233 1.544  1.933
Brachionus sp 0.198 0.252 0.321 0.406 0.497 0.618 0.759 0.929 1.156 1.407 1.803
Artificial 0.043  0.046 0.047 0.049 0.050 0.051 0.052 0.053 0.053 0.054  0.056
Mixture 0.371  0.537 0.755 1.079 1.541 2.238 3.150 3.933 4.937 6.397 7.924

Table 3: Growth in length (cm) of H. bidorsalis x C. gariepinus hybrid juveniles fed different live and
artificial diet combinations

Diets Days

31 36 41 46 51 56 61 66 71 76 81 86 91
Moina sp 156 173 183 202 218 261 293 349 368 421 433 496 5.09
Brachionus sp 1.29 1.47 1.57 1.81 1.94 2.32 2.72 3.36 3.57 3.97 4.23 4.68 5.00
Artificial 1.03 107 1.08 1.12 1.15 128 140 165 177 178 178 1.79 1.82
Mixture 240 250 266 274 291 338 411 486 525 556 6.04 648 6.99

Brachionus sp (Ezechi,

2005) may however

be

isolation and culture of zooplankton, as well as the use

preferred. The use of live zooplankton only, however,
may not be the best feeding technique, as the result of
this study shows that supplementary feeding is still
very important. The best performance exhibited by
hybrid catfish hatchlings fed a mixture of both
zooplankton and artificially compounded feed indicate
that mixing artificially compounded feed and live
zooplankton in the diet of the developmental stages of
the hybrid catfish would be a better practice in fish
farm practice. This supports the observations of
Nwuba and Aguigwo (2002).

According to Smith (1989), the maintenance
cost of the animal (fish) has priority and must be met
before any energy is available for tissue synthesis and
growth. This may explain the result obtained in this
study. Since zooplanktons are naturally more
proteinous, the problem of consumption of enough
easily digestible energy (DE) to support the fish’'s
maintenance cost and tissue synthesis may have
arisen. This may have been a major factor in the
enhanced performance of fish fed a mixture of live
zooplankton and artificially compounded feed over
those fed only live organisms (zooplankton). The
integration of the formulated feed into the diet of the
fish as supplement, along with the natural live
freshwater organisms, may have increased the
digestible energy (DE) / metabolizable energy (ME)
available to the fish, thus leaving more energy for
tissue synthesis and growth after the maintenance
cost of the fish was met. Feeding with both live
organisms and compounded feed is thus
recommended for hybrid catfish hatchlings for
enhanced growth performance.

ACKNOWLEDGEMENTS

We thank the Applied Fisheries and Aquaculture Unit
of the Department of Zoology, Nnamdi Azikiwe
University, Awka, for the use of the hatchery complex;
Mr. Nwokoye C., of Aquafish, Awka, for the use of his
hatchery; the Management of Felisinco farms, along
with Messr Iwunor, C for assistance rendered in

of their hatchery for the breeding work.
REFERENCES

ADENUI, H. A. and OVIE, S. 1. (1986). Commercial
production of freshwater fish food. Pages
232 — 240. In: Proceedings of the 5" Annual
Conference of the Fisheries. Society of
Nigeria (FISON), llorin, September 22" —
25™, 1986.

BONE, Q., MARSHALL, N. B. and BLAXTER, J. H. S.
(1995). Biology of Fishes (2™ Edition).
Chapman and Hall, London. 332 pp.

ESCRITOR, F. and JAVALLANA, S. (1981). Culture of
Algae and Plotting of growth curve. Training
course on growing food organisms for fish
hatcheries. SEAFDEC Aquaculture
Department, Natural food project,
Tigbuanan, lloilo, Philippines.

EZECHI, C. U. (2005). Comparative study of the
effect of different diets on the survival and
growth rate of Heteroclarias hatchlings. M.Sc
Project Report, Nnamdi Azikiwe University,
Awka, Nigeria. 79 pp.

HYATT, K. D. (1979). Feeding Strategy. Pages 71 —
119. /n: W. S. HOAR, D. J. RANDALL and J.
R. BRETT, eds., Fish Physiology, Volume 7.
Academic Press, New York.

JEJE, C. Y. (1992). Post-larval feeding of Clarias
gariepinus (Burchell, 1802) on cultured
Zooplankton and Artemia diets. Pages 129 —
134. In: Proceedings of the 10" Annual
Conference of the Fisheries Society of
Nigeria (FISON), Abeokuta. 16M-20™ Nov.
1992.

JEJE, C. Y. and FERNANDO, C. H. (1988). A practical
guide to the identification of Nigerian
Zooplankton. (Cladocera, Copepoda and

Rotifera). Kainji Lake Research Institute,
Kainji, Nigeria. 142 pp.
MADU, C. T. and ITA, E. O. (1991). Simple

Techniques for large-scale production of
fingerlings. Proceedings of the Fourth



Effect of different dietary items on the growth of African catfish hybrid 665

Annual Seminar. NIFFR Annual Report 1991,
7 pp.

MADU, C. T. and ITA, E. O., MOHAMMED, S. (1999).
Fishery Business. African Farming and Food
Processing, Jan / Feb. 11-14.

NWUBA, L. A. and AGUIGWO, J. N. (2002). Studies
on the effects of different food items on the
survival of Hatchlings of Clarias anguillaris.
Journal of Aquatic Science, 17(2): 121 —
124,

OVIE, S. I., ADENUNI, H. A. and OLOWE, D. I. (1993).
Isolation and Growth Characteristics of
freshwater zooplankton for feeding early
larval and fry stages of fish. Journal of
Aquaculture in the Tropics. 8: 187 — 196.

OVIE, S. I. and FALI, A. 1. (1989). Preliminary
investigation into the use of cow-dung and

rice straw mixture in the propagation of
zooplankton. Pages 140 - 144. NIFFR
Annual  Report, 1989.

PEARSON, D. (1976). The chemical analysis of foods.
7" Edition, Churchill Livingstone, London.

PIGGOT, G. M. and TUCKER, B. W. (1989). Special
feeds. Pages 653 — 679. /n: HALVER, J. E.
(Ed), Fish  MNutrition, Second Edition,
Academic Press Inc. San Diego, California.

SMITH, R. R. (1989). Nutritional Energetics. Pages 1
— 22. In: HALVER, J. E. (Ed), Fish Nutrition,
Second Edition, Academic Press Inc. San
Diego, California.

TACON, A. C. J. (1993). Aquaculture nutrition food
for thought. Aquaculture Newsletter, 3: 2 —
6.



Animal Research International (2007) 4(2): 666 — 672 666

FORMICID FAUNA OF CONTRASTING TROPICAL RAINFOREST AGRO-
ECOSYSTEM AND THEIR ENVIRONMENTAL IMPLICATIONS

EWUIM, Sylvanus Chima
Department of Zoology, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria. Email: cewuim@yahoo.com
Phone: 08055926638

ABSTRACT

The pitfall technique was used to study ants in a secondary re-growth forest and a fallow plot at the
Permanent Site of Nnamdi Azikiwe Awka from January to December, 1998. The selected environmental
variables including mean soil temperature, mean relative humidity and rainfall. Species of ant obtained
from the two sampling sites were Acantholepsis sp. Camponotus acvapimensis, C. perrisi, Myrmicaria
striata, C. maculatus, Dorylus affinis Paratrechina sp., Megaponera foetans, Pheidole sp.,
Crematogaster sp. and Oecophylla longinoda. Statistical differences existed only in the distribution of
Camponotus acvapimensis and C. perrisi with less catches recorded at the forest than the fallow plot.
There was positive correlation coefficient between the density of Dorylus affinis and mean soil
temperature (r = 0.84) at the forest while at the fallow plot negative correlation value (r= -0.61) was
obtained between the population density of Acantholepsis sp. Populations of Acantholepsis also
recorded a positive correlation (r = 0.54) with monthly mean soil temperature and mean relative
humidity. These results do not only suggest a reflection of response of these ant species to these
environmental variables during their foraging activities but their implications during the exploratory
activities of these ants carried out in relation to temporal organization of the foraging systems, with
these ants species exhibiting centrifugal polytheism associated with ant societies. The environmental

implications of the trapping of these formicid species in the habitats studied were also discussed.

Keywords: Formicid fauna, Tropical rainforest, Agro-ecosystem, Environmental variables

INTRODUCTION

The pitfall technique has been found effective and used
extensively in trapping crawling animals especially
arthropods in various habitats. In studying arthropods
these traps have been installed with or without
preservatives (Greenslade, 1976; Ewuim, 1996, 1997;
Ewuim and Nwuba, 2002). Studies on the use of the
pitfall traps in studying ant fauna inhabiting the litter of
forest and agro ecosystems in Nigeria include those of
Ewuim, 1996, 1997; Ewuim and Ezenwugo, 1997;
Ewuim et al. 1997). Earlier studies on litter arthropod
species include those of Lasebikan (1974), Lasebikan et
al. (1985) and Badejo and Van Straalen (1993), which
focused on various aspects of the ecology of the
collembolan fauna of forests and cassava plot in lle-Ife.
Other similar earlier studies on litter arthropods fauna
(Lasebikan, 1977; 1985) dwelt more on Acarina and
Collembola than any other group of litter arthropods
(Ewuim et al., 1997).

The formicids (ants) are a distinct group
among the arthropods with an outstanding degree of
eusociality in the structural organization. These ants are
noted for their co-existence, resource partitioning and
population stability while being highly abundant and
widespread in distribution, with unparalleled effects on
all organization (Caroll and Janzen, 1973; Torres, 1984;
Ewuim, 1996, 1997. These formicids in the tropics are
the most successful insects on the planet earth, having
evolved to secure a wide range of dissimilar ecological
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niches as herbivores, predators, fungus grazers, seed-
harvesters, leaf-cutters, aphid-tenders (Boorman,
1981). In spite of the fact that species are
characterized by the detailed fit of their form and
function in relation to their way of life and environment
by adaptive complexity. (Bourke and Franks, 1995), the
population density of these species and their
distribution are usually influenced either directly or
indirectly by their pattern of interaction with one
another within the given ecosystem. The foraging
workers (of ants) as a result of reproductive altruism
are involved in foraging activities in order to promote
the survival and reproduction of the brood they rear
(Bourke and Franks, 1995).

In this paper therefore, the species
composition and the relative abundance of foraging
ants on the forest floor and a fallow plot in a tropical
rainforest zone in Nigeria will be studied using the
pitfall trap and in relation to the influence of selected
environmental variables on some of the species. The
possible environmental influence of some of these
species will also be highlighted. It is envisaged that this
investigation will help upgrade the available information
on formicid fauna in the tropics.

MATERIALS AND METHODS
Site Description: The investigation was carried out in

two contrasting sites - a fallow farmland, and a
secondary regrowth forest, all of which are located at
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the Permanent Site of the Nnamdi Azikiwe University,
Awka. Awka, is the capital of Anambra State of Nigeria,
is located in the lowland rain forest zone of Southern
Nigeria (Keay, 1965; Charter, 1970).

The fallow farmland lies between latitude
6.25054° N and longitude 7.12078° E. The plot has
been left fallow for twelve years after the previous
cultivation and therefore was overgrown with plants
and common weeds of fallows. Identified herbaceous
plants included Chromolaena odorata (Kings and
Robinson), Aspilia africana C.D. Adams), Tridax
procumbens (L.), Axonopus compressus (Beauv.),
Mariscus longibracteatus (Cherm.), Sida acuta (Burm).
Panicum maximum (@Qacq.) and Veronia ambigua
(Kotchsky and Peyr.) Trees found at the plot included
Pentaclethra macrophyla (Bentham), Chlorophora
excelsa (Welw.) Mangifera indica (L.), Combretum
molle R. Br.), Eleais guineensis (Jacq.), Newbouldia
laevis (P. Beauv.), Terminalia ivorensis (A. Chev.) and.,
Anthonata macrophylla (P. Beauv.). The fallow
farmland which is sandy loam and over 1000m? in area
is separated from the cultivated farmland by a tarred
road leading from the first gate of the Permanent Site
of the Nnamdi Azikiwe University, Awka.

Similarly the forest under study can be
described as a secondary regrowth forest in an area of
forest — agricultural mosaic (Lasebikan, 1974). The
study area lies between latitude 6.25774° N and
longitude 7.11275° E. Alternatively it is located south
east to east of the School of Postgraduate Studies and
general south east of Rufai Garba Square with an
approximate bearing of 125° and a distance of 200m
from the centre point of the Square. The size of the
sampling plot is about 2000 m in area.

The herbaceous plants found at the fringe of
the forest included Chromolaena odorata (L.) and
Panicum maximum (Jacq.) In addition, shrubs like
Mallotus oppositifolius (Giezel), and trees Newbouldia
laevis (P. Beauv.), Alstolia boonei (e Wild), Diallum
guineensis (L.), Alchornea cordifolia (Schum and
Thonn.), Alstonia bonei (de Wild), Ceiba pentandra
(Linn.) Gaertn., Chlorophora exelsa (Welw.) Harungana
madagascariensls (Lam and Pols), Newbouldia laevis (P.
Beauv)., Mormda Iucida (Benth.), Pterocarpus
milbraedii (Harrns.), Ricinodendron heudelotti (Ball).,
Rauvolfia vomitoria (Afyel) and Fagara macrophylla
(Engl.) were found.

Sampling Method: Eight pitfall traps made of plastic
containers, with mouth diameters of 9.80 cm and 6.2
cm deep were set in all the study sites on monthly, for
a twelve month period. The traps were filled to one-
third with 5 % formalin. The traps were collected after
twenty-four hours and the insects caught were sorted
and counted under a dissecting microscope.

Rainfall data was collected during the sampling
period using the rain gauge, while mercury in bulb
thermometer was used to measure aerial and soil
temperature on each sampling occasion.
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The readings of those temperatures were taken twice in
each case both at the time of setting the traps and
during their collection. Relative humidity was measured
three times (with their average taken) on each
sampling occasion using the whirling hygrometer. The
relative humidity was obtained from the reading of wet
and dry bulb thermometers of the whirling hygrometer
by reference to an accompanying and usually laminated
hygrometrical (conversion) table.

The insects and their larvae were identified
using insect of Nigeria — Check List and Bibliography by
Medler (1980). The identification of the specimens was
verified in the Department of Crop Protection, Institute
of Agricultural Research, Ahmadu Bello University, Zaria
Nigeria. The voucher specimens were also kept as point
for further studies. The t-test was used to compare the
forest and the fallow plot. Linear correlation test was
carried out between selected environmental variable
and the ant species sampled from the two contrasting
habitats to assess any closeness of relationship. The
site location was carried out using the Global
Positioning System (GPS).

RESULTS

The results of the monthly pitfall catches of ant species
from the forest and the fallow plot are shown in Table
1. A total number of ten species belonging to eight
genera were recorded during the twelve-month
sampling period. From the statistical analysis of the
data using the Student t-test all the species failed to
show any significant differences in their trapping except
Camponotus acvapimensis and C. perrisi which showed
significant difference at a t-value of 2.564 and 2.131
respectively, with less catches obtained at the forest
than the fallow plot. Table 2 shows the physical
variables — mean soil temperature, mean relative
humidity and monthly rainfall. The mean soil
temperature in the forest was relatively lower at the
forest than in the fallow plot. On the other hand the
monthly mean relative humidity was consistently higher
at the forest than the fallow plot. The highest monthly
rainfall was experienced in May 1998 while the months
of January, February and December failed to
experience rainfall. Table 3 shows the correlation
coefficient values (r) obtained when the pitfall catches
of some of the species were correlated with selected
physical variables - mean soil temperature, mean
relative humidity and rainfall. Significant positive
correlation values were obtained for Camponotus perrisi
and Dorylus affinis at the forest with r values of 0.64
and 0.84 respectively at probability level (p < 0.05),
when the pitfall catches were correlated with mean soil
temperature. At the fallow plot however the relative
populations of Acantholepsis correlated with mean soil
temperature correlated with monthly mean soll
temperature (r = 0.54)) at p < 0.10 but negatively
correlated with monthly mean relative humidity (r = -
0.61) at p < 0.05).



Formicid fauna of contrasting tropical ecosystem and their environmental implications 668
Table 1: Monthly pitfall catches of ants species from the forest and the fallow plot
Ant Species Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total
Acantholepsis sp. 2 - - - - - - - - - - 6 8
@3y - - - ) - @ - - - ©) - (24)
Camponotus acvapimensis - 2 1 1 3 - - - 2 - - 3 10
) - - ® 6 @ - €] @ @6 © @ (@6
C. perrisi 3 - - - 2 - - - 1 - - - 6
- @ @ 6 @ - o @ - - @ @ (0
C. maculatus - - - - - - - - - - - - 0
- ©) - - - - - - €] - (6)
Dorylus affinis 16 - - - - - - - - - - - 16
- - - - - - - - - - - - 0)
Megaponera foetans - - 1 - - 1 - 1 2 1 - - 6
1 @ - - - - - - - €y - - (13)
Pheidole sp. - - 14 - 2 4 - 2 - 3 6 10 41
- o @ - - - 1) o G @ a1 (@9
Crematogaster sp. - 1 - - - - - - - - - - 1
- - - - - - - - - - 0)
Oecophylla ionginoda - - - - - - - - - 3 - 3
- - - - - - - - - - - )
Myrmicaria striata 1 - - - - - - - - - - - 1
- - - - - - - - - - - - (0)
Number of ants in fallow plot in parenthesis
Table 2: Monthly means meteorological parameters obtained at the two study sites during sampling
Month in 1998 Mean soil temperature Mean relative humidity Rainfall (daily average)
Fallow Plot Forest Fallow Plot Forest Fallow Plot Forest
January 35.50 33.50 52.00 78.00 - -
February 35.75 28.50 53.50 63.00 0.6 0.60
March 37.00 29.00 44.50 57.00 1.20 1.20
April 30.75 27.50 76.50 77.00 4.00 4.00
May 31.25 28.00 74.50 83.00 13.60 13.60
June 29.00 28.00 84.50 87.00 11.00 11.00
July 29.25 26.50 80.50 87.00 12.60 12.60
August 33.50 26.00 88.50 96.00 3.20 3.20
September 30.00 28.50 79.00 85.50 9.80 9.80
October 29.00 31.00 68.00 63.00 12.50 12.50
November 26.00 30.00 65.50 74.00 - -
December 27.50 29.00 73.00 72.50 - -

Table 3: Linear Correlation coefficient values between selected environmental variables and some ant

species sampled at the forest and the Fallow Plot

Ant Species
Mean soil temperature

Selected environmental variables at the plots

Mean relative humidity Rainfall (daily average)

Forest Fallow plot Forest Fallow plot Forest Fallow plot
Acantholepsis sp. - 0.54++ - -0.61+ - -0.34
Camponotus perrisi 0.64+ - 0.19 - - 0.09
Dorylus affinis 0.84+ - 0.02 - -0.32 -
Megaponera foetans - 0.39 - 0.45 - -0.31
Pheidole sp. 0.001 -0.49 -0.59+ -0.22 -0.46 0.09
Oecophylla ionginoda -0.11 - -0.01 - -0.09 -

+ Significant at p < 0.05; ++ Significant at p < 0.10, - Absence of relevant information

At the forest while the pitfall catches of Camponotus
perrisi correlated positively with monthly mean relative
humidity (r = 0.64), the pitfall catches of Pheidole sp.
showed a negative correlation (r = -0.59) with the
monthly mean of the same environmental variable at
p<0.05.

DISCUSSION

The ants trapped from both the forest and the fallow
plot under study largely represent the foraging ants.
The non significant differences in the trapping of these
foraging ant species except for Camponotus
acvapimensis and C. perrisi is an indication that the
fallow environment also favoured the nesting and



Ewuim

foraging activities of this species and indeed other
members within the genera (Ewuim, 1996). In addition
it has been reported that Camponotus acvapimensis are
wholly ground nesting apparently over a wide area
(Tailor and Adedoyin, 1978; Ewuim, 1997, 2004a).

The relatively higher monthly  mean
temperature at the forest than in the fallow plot is in
agreement with the observation by Whitmore (1998);
Ewuim et al. (2004) and Ewuim (2006) that the forest
provided an internal microenvironment different from
the general climate outside the canopy. This also
explains the relatively higher monthly mean relative
humidity prevalent in the forest interior as opposed to
the lower monthly mean relative humidity in the fallow
plot which is censored by the observation of Ewuim et
al. (2004) and Ewuim (2004b) that the forest is humid
in nature.

The significant positive correlation obtained for
the population of Camponotus perrisi and Dorylus
affinis when correlated with monthly soil temperature
was indicative of the importance of this environmental
variable to the species. The significant correlation of the
densities of ground foraging Camponotus perrisi and
Dorylus affinis with mean soil temperature does not
only confirm the ability of these ant species to adapt to
these temperature and also explore space efficiently
(Bourke and Franks, 1995) but emphasize the
importance of soil activities carried out in relation to
temporal and spatial organization of the foraging
systems (Holldobler and Wilson, 1990), with these ant
species exhibiting centrifugal polyethism (or tendency
of the old workers to work outside nest) (Bourke and
Franks, 1995) associated with ant societies. It has also
been observed that Dorylus is subterranean in habit
building temporary nests, which are abandoned after
some (Olaniyan, 1978; Ewuim, 2004b) which also
strengthens the importance of soil temperature to
Dorylus affinis.

The significant positive correlation of the
population of Acantholepsis with monthly mean soil
temperature is an indication of the influence of this
physical variable on the species at the fallow plot. The
significant  negative  correlation  observed  for
Acantholepsis with monthly mean relative humidity is
an indication of the negative influence of this
environmental variable with the species at the fallow
plot.

The significant positive correlation of Pheidole
species with monthly mean relative humidity at the
forest is also indicative of the importance of this
environmental to the foraging activities the species. The
fallow plot evidently favoured the foraging activities of
Pheidole which have been described as harvesters since
they feed on plant seeds, like those of grasses
abundant in the fallow plot (Wilson, 1959, Ewuim,
1997).

In terms of the environmental implications of
the ants sampled from the agro-ecosystem, ants are
known to exert remarkable influence on ecosystems. In
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a heterogeneous environment where patches offer
different conditions for growth, or have been disturbed
at different times in the past, completive exclusion is
likely to be very slow and might never reach completion
(Palmer, 1994). More heterogeneous environments
would then be expected to support greater number of
species (Williams, 1964, Bell et al., 2000), with the ant
species constituting predators, pathogen vectors, pests
and of beneficial value.

The eight genera and ten species of ants
taken in the pitfall traps with these ants belonging to
the family Formicidae were represented in both
habitats. Ant species (in addition to termites and
earthworms) have been referred to as ecosystem
engineers (Jones et al, 1994; Jones et al., 1996) in
relation to their role in habitats. These ants are not only
responsive to human impact but are important within
the below ground process, not only through alteration
of the physical and chemical environment, but through
their effects on plants and micro-organisms (Folgarait,
1998).

Pheidole can also serve as bioindicators in
habitats where they are found together with other
species (Anderson, 1997). Pheidole is also implicated as
a predator in tropical terrestrial ecosystem (Way and
Khoo, 1992) with the exhibition of polyphenism, which
allows the production of different castes in relation to
colony needs and thus influencing their number in
these habitats (Wheeler and Nijhout, 1983; 1984).
Pheidole can serve as pests under synanthropic
conditions. The predaceous, Oecophylla longinoda
reputed to be the most aggressive insect, lives and
nests in trees (De Pury, 1968). These tailor ant utilizes
silk from larvae approaching metamorphosis to fasten
the leaves of their nests together (Prudhomme et al.,
1985). By implication, therefore, O. /onginoda is
regarded as a nuisance pest capable of making
harvesting of crops difficult, while reducing the
photosynthetic efficiency of the leaves bound together
in the course of building these nests (NFMANR and
ODABG, 1996).

Crematogaster sp. are also tree nesting and
have been classified as scavengers (Wilson 1959; De
Pury, 1968) involved in tending honey dews produced
by other insects. Crematogaster also produce phenolic
compounds such as 3-pentylphenol from their
metapleural gland with antibiotic properties for defense
against pathogens (Chapman, 2000). By implication it is
being suggested that their activities in their habitat may
implicate them as pests under certain conditions.
Crematogaster sp. including C. gambiense have been
reported as a nuisance and a synanthropic formicid
(ant) serving as pests of food stuff like crayfish in
homes (Emosuairue, 1998). Species of Crematogaster
occasionally damage cocoa and coffee (Le Pelley, 1968;
Entwistle, 1972). Crematogaster sp. and Oecophylla sp.
are arboreal (May, 1973; Bolton, 1973; Ewuim et al/.,
1997), hence their low trapping in these pitfall traps
e.g. (Ewuim et al., 1997). It is therefore not surprising
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that even though Oecophylla were observed in their
nests on some tree especially at the forest, their
relative abundance was not reflected in the pitfall traps
as opposed to the numbers of the ground nesting
Camponotus species. These ground-nesting
Camponotus species under indoor or environment can
constitute a nuisance, as opposed to their
asynanthropic conditions in the plots.

Predation is widespread among the
Camponotus sp., Dorylus affinis and Megaponera
foetans thus making them liable for use as control
agents for noxious species. M. foetans has been used
for control of certain termite species (Skaife, 1953).
These observations are in agreement with the report
that ants have a major influence on other organisms in
the tropics where some important predatory species
serve as control agent (Caroll and Risch, 1983; Way
and Khoo, 1992). Dorylus sp. can however constitute a
serious pest to crops (Viswanath and Veeresh, 1988).

Finally  Camponotus perrisi, and other
Camponotus sp. were also taken in the traps.
Camponotus sp. have pest status in these habitats.
Camponotus sp. for example can strip bark off the roots
of plants species (Le Pelley, 1968). The camponotine
ants in these two agro- ecosystems can play beneficial
role, largely carnivorous and usually ground-nesting
and can help to reduce termite populations where they
are found (Skaife, 1953) and a strategy in their
ecosystem engineering services (Folgarait, 1998).
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ABSTRACT

The investigation on Anopheles species in Konduga lake area, Borno State of Nigeria, was carried
out to identify various Anopheles species prevalent in the area and to determine their relative
population densities. Six Anopheles species were recorded, namely, A. gambiae, A. funestus, A.
ziemanni, A. squamosus, A. pharoensis, and A. maculipalpis. The relative population densities of
various species were higher during rainy season than during the dry season. The population
densities of female Anopheles were higher than those of the males. With the exemption of A.
maculipalpis, all the other Anopheles species recorded during the study are known transmitters of
human malaria. A. gambiae of the A. gambiae complex was dominant in the study area. The
periodic occurrence of Anopheles explains periodicity of malaria epidemiology in the study area.
The high population of the female Anopheles predisposes inhabitants of the study area to incessant
contact with the malaria vectors. Lake Konduga and its environments seem to satisfy the basic

requirements of Anopheles mosquitoes growth and survival.

Keywords: Tropical lake, Anopheles species, Malaria vectors

INTRODUCTION

Mosquitoes are perhaps the best known of all insects
in the tropical and temperate regions of the world
because of their aggressiveness not only to humans
but to other animals as well. This is due to their
painful bites and to the fact that they are vectors of
causative agents of several dangerous diseases of
man and his domestic animals. The most important
man-biting mosquito species belong to the genera
Anopheles, Aedes, Gules, Haemogogus, Mansonia,
Psorophora and Sabethes (Service, 1980).

Breading sites of mosquitoes vary depending
on species. The sites include freshwater, such as
edges of streams, permanent still water bodies, such
as gutters, discarded containers, tree holes, leaf axils
and others.

Generally, Anopheles species thrive well in
habitats where nice and deep freshwater, with good
amount of vegetation of provide food and shelter is
available. They thrive best in habitats where they are
protected from extreme heat. The adults are, thus,
adapted to definite ranges of temperature and
variations in humidity. Konduga lake seems to
possess these qualities for breeding of anophelines.

Anopheles is a gnus which is, among other
mosquito genera, easily identified, Anopheles adults
possess, in common, speckled wings with dark and
pale-coloured scales, and the scutella are single-
lobed, among other distinguishing features. Female
palps are almost as long as the proboscis. When
resting or biting the abdomen of an Anogpheles is
usually held up at an angel from the surface on which
it is resting, forming a straight line with the
proboscis. Cohen (1982) observed that Anopheles
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females tend to fly quietly and bite less painfully, and
so their approaches are seldom noticed.

Female anophelines are important vectors
responsible for the maintenance and spread of
causative agents of human and animal malaria.
Besides spreading malaria and other diseases, they
cause irritation and annoyance by their bites and
buzzing sound. Generally, when a disease is spread
by a vector, it is simpler, cheaper, and more cost
effective to attack the vector rather than the
pathogen, thus a study of the ecology of the vector is
necessary. This study is designed to contribute
towards solving the problem in Konduga lake area of
Borno State.

The study mainly attempts to provide
qualitative data on relative population densities of
Anopheles species incident in Konduga lake area. It
also attempt to provide baseline information for
subsequent assessment of probable cause of malaria
epidemiology in Konduga and so ensure the proper
planning of control measures.

MATERIALS AND METHODS

Study Area: Sampling was carried out in Low Cost
Housing Estate of Borno State Housing Corporation,
Konduga. Konduga is the headquarters of Konduga
Local Government Area in Borno State, Nigeria.
Konduga lies on latitude 11°40” N and longitude
13°15” E and is located about 32 kilometers from
Maiduguri Urban and along Maiduguri-Bama road.

Mosquito Sampling: Indoor and outdoor resting
adult mosquitoes were randomly collected once
weekly with an oral aspirator between the hour of
4.00 and 7.00 am for a standard period of one hour
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Figure 1: Monthly disribution of Anophles species in Konduga lake area

per sampling. Captured mosquitoes were gathered
alive in large specimen glass tube with finely
perforated cover to allow aeration, and taken to the
laboratory on the same day. In the laboratory, the
mosquitoes were paralysed with chloroform on top of
the perforated specimen tube cover and allowed to
stand for some time. The paralysed mosquitoes were,
thereafter, identified using a dissecting microscope
into culicines and anophelines, then the later were
further identified into species and sexes, all in line
with identification of mosquitoes by Service (1980).
Collection of mosquitoes was carried out for a period
of twelve months.

Climatic Data Collection: Atmospheric
temperatures in Konduga lake area were recorded
thrice daily throughout the survey period using a
“maximum and minimum thermometer”. Readings
were taken in the morning by 4.00 to 7.00 am, at
noon by 2.00 to 3.00 pm, and in the night by 8.00 to
9.00 pm. Relative humidities were calculated thrice
daily. With the maximum temperature (Tmax) and
minimum temperature (Tmin) readings of the
thermometer, wet-bulb depression (WBD) was
calculated by applying the equation. Tmax — Tmin =
WBD. Using the Tmax and WBD values, Relative
Humidities were read off from Psychromatic tables.

Data Analysis: Chi-square statistic was used to
compare the monthly anopheline  mosquito
populations while analysis of species catches was
done by using student’s t-test.

RESULTS AND DISCUSSION

A total of 1481 adult mosquitoes were collected
during the twelve months study period. This number
was made up of 1197 culicines and 284 anophelines.
Six Anopheles species, namely, A. funestus, A.
gambiae, A. maculipalpis, A. pharoensis, A.
squamousus, and A. ziemanni, occurred in the study
area. Monthly and annual abundance of individual

species indicated that A. gambiae was the most
abundant. This result corroborates with the findings
of Mafiana et al. (1998) and Amusan et a/. (2003) in
Abeokuta, Nigeria. A. funestus was the least
abundant species. Out of the 284 anophelines caught
202 were females representing 71.1& of the
Anopheles population.

Figure 1 is a graphic representation of the
monthly occurrence of the various Anopheles species
recorded during the survey period. The six species
that occurred in the area showed monthly and
seasonal variations in  population densities.
Populations were high during rains and low in dry
months. This results conforms with Vas et a/. (2004)
and Jude et al. (2007) observations in Assam, India,
and Central South-West Cameroon respectively. June
of the survey period marked the on-set of rains while
rains progressed through July and August but ended
in September during the period. High Anopheles
populations were recorded in June, September,