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ABSTRACT
This study was devoted to accessing the influence of some soil physico-chemical parameters on the
abundance of Almophrya mediovacuolata Ngassam, 1983, astome ciliate of the digestive tract of earthworms
(EW) of the species Alma nilotica collected along “Fa’a ntsa” stream in Bambui. The survey primarily
involved soil samples collection from the same spots of EW collection and preparation for physico-chemical
analysis; evaluation in situ of the volumic density (VD) of worms (number /dm3 soil), their dissection, isolation
and counting of ciliates with respect to different portion of EW’s gut (fore, mid and hindgut). Furthermore,
correlation analysis between soil physico-chemical parameters and biological responses (EW volumic density
and ciliate abundance) were performed. The results reveal that EW abundance was positively and significantly
correlated with the following physico-chemical parameters: Cation Exchange Capacity CEC (p <0.01) and
Mg2+ (p <0.05). A positive and significant correlation was found between Almophrya mediovacuolata and the
pH of KCl in the foregut and midgut (p <0.01) while a negative and significant correlation was found between
the abundance of Almophrya mediovacuolata and Ca2+ in the foregut (p <0.05). Almophrya mediovacuolata
were found mostly in the foregut. This result shows that each portion of the digestive tract of Alma nilotica can
be considered as a set of natural microhabitat in which a number of physico-chemical factors generate
ecological niches suitable for the survival of different species of microorganisms among which ciliated
protozoa. The fore and midgut was noticed to be the preferential zones of Almophrya mediovacuolata.
© 2016 International Formulae Group. All rights reserved.
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INTRODUCTION
Earthworms and termites are
certainly among the major organisms that are
involved in many case studies supporting the
concept of physical ecosystem engineering
© 2016 International Formulae Group. All rights reserved.
DOI : http://dx.doi.org/10.4314/ijbcs.v10i5.4

(Boogert et al., 2006; Gutiérrez and Jones,
2006; Moore 2006; Sane et al., 2015). Anecics
earthworms leave their burrows during wet
nights to collect litter that they accumulate
close to the burrow entrance as middens, or
2581-IJBCS
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drag inside prior to ingesting it admixed with
some mineral soil (Cluzeau et al., 2005).
Along with the other ecological burrows, soil
transit through their guts, ingestion and burial
of litter (Lavelle and Spain, 2006); these large
mechanical impacts have profound effects on
the soil environment and the organisms that
live in it. The digestive tract of anecic
earthworms of the species alma nilotica have
been considered as a microhabitat lodging a
diversify fauna of microorganisms among
which many ciliated protozoa have been
targeted for studies by many researchers
(Ngassam, 1983; de Puytorac, 1994; Fokam et
al., 2011, 2012, 2014, 2015; Nana et al.,
2015). These microorganisms may play a vital
role in biogeochemical cycling by breaking
down organic remains in the soil that pass
through the digestive tract of many species of
earthworms. All of these processes enhance
soil fertility and make it suitable for
agriculture (Chukwulobe and Saeed, 2014;
Ouedraogo et al., 2014; Traoré et al., 2015). If
little is known about the functional
significance of the multipartite symbiosis
between earthworms and his endofauna, at
least for ciliates, diversity and stratification of
species are gradually well established (Fokam
et al., 2014, 2015; Nana et al., 2015). This
work aimed at analyzing some soil
physicochemical parameters that may directly
affect the density of earthworms (Alma
nilotica) in the study area, and indirectly
affect abundance and distribution of the ciliate
(Almophrya
mediovacuolata)
living
commensally in their gut.

(06°00’54” N; 10°16’09.7” W; elevation of
1457 m).
Soil sample and earthworms collection
In 10 spots randomly selected on the
river banks, the sampling was done by digging
quickly the soil with the help of a spade till a
depth of 30 cm of soil nearby the earthworms’
casts (Figure 2). Soil samples from different
spots were mixed to form a composite sample
that was then air dried during one week,
crushed, sieved, packaged and labeled for
physicochemical analysis. A 30 cm-depth
block of soil was excavated and earthworms
were hand-sorted. The worms in each block
were counted in situ to establish the Volumic
Density (VD). This exercise was repeated
twice a month (at the beginning and at the
mid) during 6 months. Further, worms were
thoroughly washed with tape water and
identified according to the keys of Sims and
Gerard (1999). 15 worms were subsequently
selected and individually subdivided into fore;
mid and hindgut. Each of these portions was
dissected into a petri-dish containing the
physiological solution. Abundance of the
ciliate of interest was evaluated by counting
them using a micropipette.
Soil sample analysis
Soil analysis was carried out
according to the standard procedures (Pauwels
et al., 1992). Thirteen parameters have been
analysed. Two physical parameters: soil
moisture and granulometry and eleven
chemical parameters: pH-water, pHKCL,
organic matter (OM), organic carbon (OC),
total nitrogen (TN), cation exchange capacity
(CEC), exchangeable bases (Calcium,
Magnesium, Potassium and Sodium) and
available phosphorus.

MATERIALS AND METHODS
The study area
The present study was carried out in
the locality of Bambui, Tubah subdivision of
the Northwest region in Cameroon (Figure 1)
from April 2014 to September 2014. Soil
samples and earthworms were collected along
the banks of the stream “Fa’a ntsa”

Soil moisture
Moisture content of fresh soil
samples was determined after oven drying
them at 105 °C and expressed as a percentage
1984
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of weight of the soil samples. The weight of
the soil samples were measured using an
electronic balance of mark Mtech BL-310s.
The following formula was used to obtain
percentage of soil water content or moisture:

Organic matter
The measurement of organic matter
(OM) was effectuated by a wet way from the
measurement of the organic carbon (OC). The
method of determination of the OC is based
on the oxidization of the sample by potassium
dichromate (K2Cr2O7) in a concentrated acidic
medium (H2SO4). Excess K2Cr2O7 is titrated
with the help of ferrous sulphate
(FeSO4.7H2O) in order to deduct the quantity
of dichromate neutralized by the OC. The
equivalence point is indicated by purple
diphenylamine turning to green. The organic
matter containing 58 % of OC on average, its
content is gotten by the following relation:
MO% = CO% x 1, 724.

Fresh weight – Dry weight × 100
Fresh weight
Granulometry
Survey of the different granulometric
constituents consisted of separating clay,
sandy and silt particles after destruction of the
organic matter with oxygenated water. The
sand was separated by sifting under water on a
sifter of 2 mm in diameter. The scattering of
the silt and the clay was done with sodium
carbonate. The clay was isolated by
successive decantation after the sedimentation
of silt. The basic suspension of clay thus
obtained was then neutralized with
hydrochloric acid, and then aggregated by
addition of the sodium chloride. The clay was
finally ridded of salts by successive washing
with water and ethanol until complete
elimination of the chloride. The silt fraction
was washed with water in order to eliminate
the rest of the clay. The obtained results
permitted with the help of the soil texture
triangle of the USDA (United States
Department of Agriculture) soil taxonomy
system to determine the texture of every
sample.

Total Nitrogen
The determination of the content in
total nitrogen was done according to the
Kjeldahl method (Bremner, 1960). It consists
of a complete mineralization of the organic
nitrogen by a mixture of hot concentrated
sulphuric acid and salicylic acid (350 °C). The
mixture is distilled by steam practice of water.
The distillate is collected in boric acid and is
then titrated with a solution diluted sulphuric
acid.
Exchangeable bases and cation exchange
capacity (CEC) at pH 7
The determination of the contents of
exchangeable bases (Ca2+, Mg2+, K+ and Na+)
was done after extraction with ammonium
acetate at 1 N at pH 7. The measurement of
Na and K was done by atomic
spectrophotometry and that of Ca and Mg by
complexiometry with EDTA (Ethylene
Diamine
Tetra
Acetic
acid).
The
determination of the CEC at pH 7 is realized
after washing with alcohol in order to
eliminate the saturating solution of NH4. The
measurement of NH4+ is done by Kjeldahl
distillation after quantitative desorption by the
KCl.

pH
The pH of soil was measured with
the help of a pH meter of the type CG822
provided with a combined pH electrode. The
real acidity (pH-water) was measured in a soil
- water suspension of ratio of 1/2.5 (10 g of
soil in 25 ml of water), at least 16 hours after
the preparation. As for the potential acidity
(pH-KCl), it is measured in a soil - KCl
suspension of the same ratio, 10 minutes after
the preparation.

1985
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subsequent ammoniacal pyridinated silver
carbonate technique of Fernandez-Galiano
(1994). These ciliates were later observed
under a light microscope Optic Ivymen
System® at 400X magnification. The nuclear
apparatus was colored using 4’, 6-Diamidino2-Phenyl Indole (DAPI) (Williamson and
Fennell, 1975) before observation under a
Leica DMR epifluorescence microscope.
Aliqotes of DAPI-treated cells were
counterstained
by
immunofluorescence
labeling with a FITC–conjugated anti-tubulin
antibody as described in a previous study
(Diogon et al., 2001). Microphotographs were
done with a digital Still Camera SONY DSCW710.

Available phosphorus
Available
phosphorus
was
determined by the method of Bray II (Bray
and Kurst, 1945). This method combines the
extraction of the phosphorus in an acidic
medium (HCl 0.1 M) from the complex of
ammonium fluoride (NH4F 0.03 M) bound to
the phosphorus. The measurement of the
phosphorus is made by colorimetry to
molybdenum blue with the help of a
molecular absorption spectrophotometer.
Dissection of the earthworms and counting
of the ciliates
The worms were carefully washed
with tap water and the length in extension was
measured with the help of a graduated ruler.
They were cut alive from the prostomium to
the pygidium. The anterior part just after the
clitellum comprising pharynx, the esophagus,
crop and gizzard is removed. The second part
is further divided into three equivalent parts:
foregut, midgut and hindgut. Each part was
still divided into three fragments (proximal,
mean and distal). Using the pair of forceps
and a blade, each fragment was dilacerated in
a Petri dish of 10cm in diameter containing
10-15 ml of mineral water Supermont (Ca2+
30 mg/L; Mg2+ 5.9 mg/L; Na+ 0.0 mg/L; K+
3.8 mg/L; Cl- 1.3 mg/L; NO3- 0.0 mg/L; SO40.0 mg/L; HCO3- 134 mg/L; pH 7.1). Ciliates
found in these different portions of the
earthworms were identified according to the
keys previously described (de Puytorac, 1969;
de Puytorac and Dragesco, 1969; Ngassam,
1983; Fokam et al., 2012). They were
individually extracted using a micropipette,
sorted and counted under a binocular
dissecting microscope Wild M5 (Heerbrugg,
Germany) at 250X magnification.

Data analysis
Ten earthworms were used for the
counting of ciliates each month during 6
months, with a total of 60 worms studied. The
software Microsoft excel 2007 was used for
the calculations of the means and to draw
graphs and charts. Volumic Density (VD) is
the number of the earthworms per dm3 of the
soil and relative abundance is the number of
ciliate per portion of the digestive tract. The
Software SPSS 16.0 package was used for the
correlations. The correlation tests were used to
assess the degree of binding between the
physico-chemical parameters of the soil and
the ciliate abundance in different portions of
the digestive tract of the earthworms. Since
our variables do not follow a normal
distribution, we applied correlation test ‘rho”
of Spearman to analyze our data. P-values
were used to assess the degree of significance
of correlation between physicochemical
parameters and ciliate abundance. P ˂ 0.05
were set as significant.

Cell labeling and observation
For current observations, cells were
stained using methylene blue (1%) for vital
observations. The shape and mobility of
ciliates were noted before cell fixation for the

RESULTS
Biotic parameters
Earthworms
The types of oligochaete collected in
the study area were those of the family
1986
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- Localisation of Almophrya mediovacuolata
The mean numbers of ciliates were
plotted against the different portion of the
digestive tract which enabled us to know the
zone
of
preference
of
Almophrya
mediovacuolata (Figure 6). Among the 60
worms dissected, the species Almophrya
mediovacuolata were confined mostly in the
fore and midgut portions of the digestive tube
of their hosts and less abundant to even absent
in the hindgut of their host.

Glossoscolecidae. These earthworms were
mainly found in permanent hydromorphic
areas such as the banks of rivers, streams and
fish ponds. The mean length in extension is
18.7 cm for a mean weight of 2.38 g. They
have tapered ends: the anterior being the
prostomium and the opposite being the
Pygidium. The body is pigmented (brown)
bearing 83-98 segments. The eleventh or
twelfth segment bear a reproductive
specialised structure, the clitellum that can be
externalised (Figure 3).
Volumic Density of earthworms
The mean number of individuals/dm3
was plotted against the different months
(Figure 4). The mean number of earthworms
decreased from 10 individuals per dm3 in the
month of April to 7 individuals per dm3 in
May. The lowest value was recorded in the
month of June with 4 individuals per dm3.
This increased to the highest value of 16
individuals per dm3 in July which drastically
dropped to 5 individuals per dm3 in August
and then to 6 individuals per dm3 in the month
of September.
Ciliates
The great variety of ciliates found in
the digestive tube of Alma nilotica pertains to
Astomes and hysterocinedae sub-classes.
Were they seems to occupies precise
positions.
- Description of Almophrya mediovacuolata
Almophrya
mediovacuolata
is
recognised by his general morphology
characterised by a rounded anterior pole and a
slightly pointed posterior end. Seven to
thirteen contractile vacuoles forms the single
row that extends axially. The most prominent
feature is the nuclear apparatus composed on
the one hand, of two vertical branches that
form an “X” or an “H”; and on the other hand,
two small micronuclei located posteriorly
between the branches macronucleus (Figure
5).

Abiotic parameters
The results of soil samples analysis
are summarised in Table 1.
Moisture and soil texture
The typology of the soil is obtained by
plotting the percentage values of sand, silt and
clay on the soil texture triangle is silt loamy
soil (Figure 7; Table 2). Silt loamy soils are
fine grain dark soils. They mostly have
micropores which hold and release water
slowly by gravity. As a result, it traps organic
substances and microorganisms, which the
earthworms feeds on and proliferates while
keeping the worm moist too.
Correlations
Table 3 displays the relationship
between earthworm abundance and soil
physico-chemical parameters. A significant
and highly positive relationship exists
between earthworm’s abundance and CEC (p<
0.01). A significant relationship also exists
between earthworm’s abundance and Mg2+
(p< 0.05).
Table 4 shows the relationship between
ciliate abundance with soil physico-chemical
parameters. A positive and highly significant
correlation exists between ciliates in the
foregut and midgut (p< 0.01) and pH of KCl.
A negative and significant correlation (p<
0.05) exists between Ca2+ and ciliate
abundance in the foregut.
1987
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Figure 1: The study area (modified from Olivry, 1986).

Figure 2: Earthworm Casts (WC: Worm Cast).

1988
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Figure 3: Alma nilotica general morphology (scale: cm).
Cl: Clitellum, Pr: Prostomium, Py: Pygidium, Sb: Segmented body

Figure 4: Variation of the volumic density of Alma nilotica from April to September.
1989
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Figure 5 Almophrya mediovacuolata general morphology (x 400).
A) Microphotograph after silver staining, B) Visualized by FITC-conjugated anti-tubulin antibody and DAPI-stained nuclear
apparatus. Pv: Pulsatile vacuoles; Mi: Micronucleus; Ma: Macronucleus; Ci: Cilia.

Figure 6: variation of the mean ciliate abundance along the worm gut over time.
1990
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Figure 7: Soil texture triangle (the soil type is indicated by the red circle as silt loamy soil).
Table 1: Variation of soil physicochemical parameters with respect to time.
Months
Parameters
pH of W

APRIL

MAY

JUNE

JULY

AUGUST

SEPTEMBER

6,3

5,2

6

6

6

6,2

pH of KCl

5,2

4,1

4,7

4,7

4,9

5,3

OC (%)
OM (%)
TN (%)
AP (ppm)

4,42
7,63
2,62

5,39
9,29
3,06

4,51
7,77
0,15

3,9
6,73
0,12

4,61
7,95
0,28

3,92
6,75
0,28

1,7

6,54

1,12

1,08

7,84

7,28

40
7,76
27,36
0,75
0,83
48,35

44
25,76
10,72
0,13
0,2
29,55

9,92
1472
253
0,058
0,556
45,99

31,6
1008
58,32
0,024
0,126
43,48

11,2
6,96
2,52
0,02
0,01
43,58

31,2
5,12
0,48
0,02
0
29,63

CEC (meq/100)
Ca (meq/100)
Mg (meq/100)
K (meq/100)
Na (meq/100)
Soil moisture

OC: Organic Carbon; OM: Organic Matter; TN: Total Nitrogen; AP: Available Phosphorus; CEC: Cation Exchange
Capacity.
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Table 2: Soil composition.
Proportion (%)
30
23
37
60
10

Soil composition
Sand
Coarse silt
Fine silt
Total silt
Clay

Table 3: Correlation between physico-chemical parameters and earthworm abundance using
Spearman correlation (r).

Soil-physicochemical parameters
pH-water
pH-KCl

Earthworm
Correlation values
0.039
0.095

OC
OM
TN
AP
CEC
Ca2+

-0.314
-0.312
0.066
-0.243
0.634(**)
0.125

Mg2+
K+
Na+
Soil moisture

0.443(*)
0.350
0.277
0.032

*

Correlation is significant at the 0,05 level;
correlation is significant at the 0,01

**

OC: Organic Carbon; OM: Organic Matter; TN: Total Nitrogen; AP: Available Phosphorus; CEC: Cation Exchange Capacity

Table 4: Correlation between soil physico-chemical parameters and ciliate abundance using
Spearman correlation (r).

Physico-chemical parameters
pH-water
pH-KCl
OC
OM
TN
AP
CEC

Foregut

Midgut

Hindgut

Correlation values
0.698
0.928**
-0.429
-0.429
-0.166
0.543
-0.314

0.698
0.928**
-0.257
-0.257
-0.058
0.600
-0.486

-0.563
-0.582
0.177
0.177
-0.627
-.0363
-.0618

1992
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Ca++
Mg++

-0.829*
-0.657

-0.771
-0.600

-0.076
0.618

K+

-0.638

-0.580

-0.179

-0.600
0.143

-0.486
0.257

0.088
0.171

+

Na
Soil moisture
*

: correlation is significant at the 0,05 level;
: correlation is significant at the 0,01
OC: Organic Carbon; OM: Organic Matter; TN: Total Nitrogen; AP: Available Phosphorus; CEC: Cation Exchange Capacity
**

earthworm’s prefer environments with a
neutral pH (Edwards and Bohlen, 1996),
preferring a pH of 6.0-7.0.
OC and OM were lowest in July 3.9%
and 6.73% respectively which coincided with
the highest earthworm’s abundance. OC and
OM also showed no relationship with
earthworm’s abundance respectively perhaps
because the presence of earthworm depends
on factors more vital than OC and when
present, OC is consumed by the earthworms.
Whalen (2004) and Nair et al. (2005) found
the same trend. Evidently, the relationship
between earthworm abundance and OC is a
complex one. Our results were in contrast
with those of Nuutinen et al. (1998) who
found that earthworms increase with an
increase in OM.
TN was lowest in the month of July
which coincided with the highest earthworm’s
abundance. TN also showed no relationship
with earthworm’s abundance. This result
suggests that nitrogen alone may not be so
vital in governing the earthworm’s population
rather C/N ratio and other soil physicochemical parameters are more influential
(Kale, 1998).

DISCUSSION
Correlation of soil physico-chemical
parameters with earthworm’s abundance
CEC showed a positive and highly
significant relationship with earthworm’s
abundance (p< 0.01). Also, CEC was highest
in July 33.6 meq/100 which coincided with
the highest EW abundance. This is because
CEC is an electro chemical process by which
earthworm obtains nutrients. Cation exchange
requires very small particles with a large
surface area to hold electrically-charged ions.
The finely-divided platelets of the humus and
clay colloids also have good CEC. Each
platelet has an extra electron, which gives it a
negative charge. This negative charge enables
the earthworm to attract nutrients. Hence
increase in earthworm’s abundance increases
with increase CEC.
A significant relationship also exists
between earthworm’s abundance and Mg2+
(p< 0.05). We also notice that Mg2+ was
highest in July 58.32 meq/100 which
coincides with the highest abundance of
earthworm’s. This is due to the high CEC also
recorded in the month of July which attracts
positively charged ions like Mg2+. These
results are in accordance with those of Reddy
and Pasha (1993) observed a coincidence of
the peak level of available K+ and Mg2+ with
high earthworm’s density.
The pH of soil-water was lowest in
May (5.2) which coincided with the lowest
earthworm’s abundance. We also had no
relationship between earthworm’s abundance
and pH of soil-water. It is well known that

Correlation of soil physico-chemical
parameters with ciliate abundance
The pH of KCl showed a positive and
highly significant relationship with ciliate
abundance in the foregut and midgut. This
positive relationship could be responsible for
the increase in the acidity in these regions,
which
is
preferred
by
Almophrya
1993
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mediovacuolata. This acidity decreases as we
move from the foregut to hindgut. Ca2+
showed a negative and significant correlation
(p< 0.05) in the foregut. This could be due to
the fact that excess Ca2+ is excreted by the
calcium glands in the oesophagus in other to
regulate the pH in the gut.

the variation of fluidity (content in
water) in the different portions of the digestive
tube (Ngassam, 1980). The digestive content
where Astome evolves (Almophrya) would be
considerably more fluid than the one where
the Hysterocinetidaes harbours.
Conclusion
From our results, it can be concluded
that the digestive tract of earthworms is to be
considered
as
multiple
subsets
of
microhabitats with precise physicochemical
characteristics to which each species of
microorganism composing the endofauna is
adapted. More precisely, for the ciliated
protozoa, Almophrya mediovacuolata target
microorganism for this study, the fore and
midgut was noticed to be the preferential
zones.

Localisation of Almophrya mediovacuolata
in the digestive tract of Alma nilotica
Ngassam et al. (1998) earlier said that
the digestive tube of an earthworm can be
considered as a real biotope in which different
species of ciliates are adapted to very precise
conditions. In this light, their stratification and
the variation of their abundance along the
digestive tract of their host, seems to be
subjected to some factors.
The pH of the foregut is acidic and is
the most favourable location for the
Almophrya. These results are in accordance to
those of Ngassam (1980) who showed that
there is variation of pH from one portion to
another along the digestive tube of earthworm.
The
Astome
ciliate
Almophrya
mediovacuolata lives in a distinctly acidic
environment (pH = 6.4). The foregut portion
of the digestive tube of earthworm, reveals to
be acidic, and is the most preferred place of
Almophrya. This explains the high abundance
of this species in this portion of the digestive
tube of their hosts. The relative abundance of
Almophrya mediovacuolata decreases when
the pH increases from the anterior to the
posterior portions of earthworm’s intestine.
According to de Puytorac (1994) the
stratification could also be due to:
the variation of the composition of
nutrients along the digestive tube because the
migration of earth ingested by the worm
undergoes degradation by specific enzymes in
the digestive tube of the earthworm (Barois
and Lavelle, 1986) thus liberating nutrients
whose composition varies according to the
portion of the digestive tube that is adapted to
precise species of ciliate;
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