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Abstract

The study investigated the depths of tillage on the yield of open-pollinated maize (Zea
mays) varieties. Eighteen compartmental plots of 400 m2 at 4 m X 10 m; 2 m apart, each
comprising 2 depths of tillage (0—15 cm and 0-30 c¢cm), 3 open-pollinated varieties (OPV 1, OPV 2,
OPV 3), each replicated thrice (2 X 3 x 3 factorial design) were experimented. Data collected were
days to emergence of seeds, plant height, the number of leaves/plant, days to 50% anthesis (DAT),
days to 50% silking (DAS), Anthesis-Silking Interval (ASI), Leaf Area Index (LAI), grain yield (GY)/
ha. There were no statistical differences for the number and length of leaves and DAT, there were
statistical differences for plant heights, DAS, LAI, stem girth and ASI. OPV 3 had the highest
number of leaves, plant height, stem girth, while OPV 2 had the highest mean value for LAI and
DAT. Depth 0-15 cm was adjudged the best in the study.

Introduction

Maize production in Nigeria over the years has been decreasing, as against the
increase in the country’s population, this necessitated the government to import maize
for both man and animals’ consumption (MOJEED 2020). This decrease in supply
and production may not be unconnected with environmental and soil factors, crop
management techniques and some government policies.
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Compared to the world, Nigeria has not been doing well in maize pro-
duction rate as compared with the global figures. As of 2019, maize pro-
duction in the United States of America was 347,047,570 tonnes, China
260,957,662 tonnes, Brazil 101,138,617 tonnes and Nigeria had 110,000,000
tonnes (WITS 2021, FAOSTAT 2020, NUEWEB. 2012). Factors responsible
for this low production in Nigeria could not only be because of global cli-
mate change, but also management, non-usage of soil enhanced materials,
nature of seeds and other production strategies that may be peculiar to
African states. The question now is, what could have happened to Nigeria
that made her maize production rate dwindle over time? Likely factors
from locality may also be the depth of tillage, depth of sowing, planting of
varieties that were not adaptable to local climate, management efforts of
the husbandry and others (PITTELKOW et al. 2015, OLADEJO and ADETUNJI
2012).

The ultimate goal of agricultural production is high yield which has
a direct relation with measures of tillage. When tillage is improper, it can
cause severe land degradation, and low yields (DONI et al. 2017). Many
scholars who have dealt with tillage have also considered the negative
effects of tillage on the plant, i.e. its ability to increase the rate of water
runoff; the over-tilling effect on soil structure; decrease in soil-water infil-
tration rate, dislodging the cohesiveness of the soil particles and inducing
erosion; reduction in soil organic matter and destruction of soil aggregates
(HORTON 2019, TAMBURINI et al. 2016, ANDERSON and D’S0UZA 2014).
Similarly, some reports demonstrated that conservation tillage (0—20cm)
can improve soil fertility (WANG et al. 2019), maintain maize yield (SHAO
and BAUMGARTL 2016), and guarantee increased production (REN et al.
2016). Deep tillage (above 25 cm) according to MRABET (2011) enhanced
significantly the number of grains per spike, 1000 grain weight of maize
and the final grain yield by breaking hard bottoms (MA et al. 2015), improv-
ing soil pore conditions, and increase permeability. These characteristics
are needed for the distribution of plant roots in deep soils and the proper
use of nutrients and water therein (SUN et al. 2013).

As important as varieties and cultivars are to crops’ management and
performances on the field, there are other factors aside from tillage prac-
tices that may be responsible for high crops’ productivity on the field. Con-
servation tillage reduces damages of young plants from blowing sand
(sandblasting) because it decreases the splash of soil onto plant parts
during rainfall and it suppresses weeds’ growth. As tillage does all these
to crops, maize, being a fibrous root plant may not necessarily need deeper
depth than 30 cm for its good performance. However, the effect of depth
shallower than 30 cm on maize growth needs thorough investigation to
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check the nutrients’ availability for plant growth, rate of yields obtained at
varying depths of tillage and studying the correlation between depths of
tillage and performances of different open-pollinated varieties of maize.

Materials and Methods

Experimental site

The field experiment was conducted at the Teaching and Research
Farm of the College of Agriculture, Osun State University, (7.8717N
4.3067E) Ejigbo campus from April to August 2020. The climate was rain
forest with bimodal rainfall between 1,158-1,250 mm per annum. The
temperature regime is usually high all year round with a mean of 28-33°C,
relative humidity of about 85%, except during the dry season with the
sunshine of 5.1%. The climate of the area is characterized by pronounced
wet and dry seasons, moderate temperatures in the wet season and rela-
tively higher temperatures with moderate humidity during the dry sea-
son.

Land preparation, experimental layout and design

The experimental field was cleared manually to be sure of effective
mechanical cultivation and to have desired soil depths of 0-15 ¢m and
0-30 cm. The dimension of the land was 73 m x 100 m. The land was
divided into eighteen compartmental plots of 400 m? each comprising
2 depths of tillage (0—-15 cm and 0-30 cm), 3 open-pollinated varieties
(OPV 1, OPV 2, OPV 3), all at 3 replicates each to make 2 X 3 x 3 factorial
design. The tillage treatments were laid out in randomized complete block
design and replicated three times, Figure 1. Each plot measured 4 m X 10 m
at 3 rows for each treatment was 4 m distance from the next (for passage
of power tiller). Another headland of 10 m spacing from the entire areas of
land, between experimental blocks was provided for power tiller passage
and implement hitching process. The treatment consisted of the following
tillage practices: ploughing as the first phase, ploughing followed by har-
rowing as the second phase. Both phases were within the procedural
depths of tillage in the experiment and within two weeks intervals. At
both stages, the ploughing depth and harrowing depth were within either
the 0—15 cm or 0—30 cm tillage depths designed for the experiment. In all,
the range of sowing depth of 6-10 cm was chosen as the depth of sowing in
the experiment to have the highest plant height (BERHANU et al. 2016).
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Fig. 1. Experimental layout of randomized compartmental plots
Configuration of disc plough to a depth of tillage desired

Power tiller, model name: Kubota PEM140 DI, 4-cycles, 10HP, 2400 rpm,
made by Vikas Motor Co, India was used because it was easy to control the
speed of the mechanical cultivation, and to be able to maintain the depths
required according to the experimental procedures. Mounted disc plough,
3 furrows (Devta, made in India) were marked in the cylindrical jig, regard-
ing their axes to synchronise with the precise 15 cm and 30 cm depths’
marks required. These points were marked with yellow and red indelible
paints at different points, yellow from the disc centre edge up on plough
toward the disc circumference to make either 15 cm or 30 ¢cm from the cir-
cumference where the 15 cm or 30 cm was painted red. There were two
concentric circles in each disc, inner painted yellow, outer painted red at
15 cm or 30 cm, Figures 2a, 2b. The red point was always above the desired
depth while the yellow was always the mark of the precise desired depth
of tillage. The red marked line is on the outer disc to the edge. This was to
minimize the influence of the roll angle during tillage operations along the
elevation of the non-tillage road surface (KIM et al. 2020).

The power tiller was made to maintain a uniform speed of 5 km h!
throughout the operation in each case as the plough was adjusted for the
required depths in each situation. The low speed of the power tiller allowed
the marked yellow-coloured spots and frame to be visible throughout the
operation for both depths in all cases.

Soil samples were taken at a depth of 0—15 cm and 0-30 ¢cm using ran-
dom sampling techniques and analysed at the laboratory of the College of
Agriculture of the Osun State University. The samples were mixed to form
composites, air-dried and sieved using a 2 mm sieve.
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I b
15 cm
30 cm

Fig. 2. Skech of plough at : @ — 15 ¢cm; b — 30 cm marked depth

Determination of growth parameters

The agronomic parameters collected include days to emergence of
seeds, plant height (cm), number of leaves/plant, days to anthesis (DAT),
days to silking (DAS), stem girth, Anthesis-Silking Interval (ASI), Leaf
Area Index (LAI) and grain yield (GY) t ha ! (EDMEADES et al. 2000).

Plant height [cm]: the heights of 10 randomly tagged plants were
measured every two weeks from the ground level to the tip of the terminal
leaf with the aid of a meter rule.

Number of leaves/plant: at least 20 representative plants were
counted on after the milk stage

Days to anthesis (DAT): the plants in the three middle rows in each
plot were used to estimate days to 50% tasseling. That is the number of
days from sowing to when 50% of the plants have shed pollen.

Days to silking (DAS): the plants in the three middle rows in each
plot were used to estimate days to 50% silking. That is the number of days
from sowing to when silks have emerged on 50% of the plants

Stem girth: the girth (diameter) of the plant stem was taken weekly
at the base of each plant about 5 cm above ground level with the aid of
a vernier callipers. Ten (10) plants were randomly tagged from the fourth
week to the tenth week for the girth data.

Anthesis-silking interval (ASI): this is measured as the differences
between days to tasseling and days to silking.

Leaf area index (LAI): A quadrat of 2 m? area was selected randomly
at 8 weeks after sowing where optimum plant growth was achieved from
each plot. The measurement of length and width at the broadcast point of
each leaf in the quadrat was then taken. Each leaf area designated as A
was estimated by the formula:
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A=L-B-0.75
where:
L — the length of the leaf
B — the maximum width of the leaf [cm]

0.75 — the correction factor.

Grain yield (GY) t ha'l. Grain Yield (kg ha'l = (Ear weight (kg)/area
in m?).

Fertiliser application was not a factor in the research since an equal
measured quantity of NPK 15: 15: 15 was used for the same plant in all the
fields.

Statistical analysis

The data collected were subjected to analysis of variance (ANOVA),
the means were separated using Duncan Multiple Range Test at a 5%
level of significance.

Results

Maize yield components’ performances at different tillage depths

The mean performance of three maize varieties at different tillage
depths is represented in Table 1. There were no statistical differences
(p < 0.05) in the values obtained for the days to 50% silking and days to
50% anthesis, but there were statistical differences for the length of leaves,
LAI, stem girth and Anthesis-silking interval. OPV 3 had the highest
number of leaves (11.33), Figure 3; plant height (144.78), stem girth 1.72
for 0-30 cm depth, Table 2 while OPV 2 had the highest mean value for
leaf area index (8.97) and days to 50% anthesis (51.72).

Table 1
Mean values showing performances of three maize varieties
Varieties LL [cm] LAI [cm?] SG [em] DAT DAS ASI
OPV 1 |87.75+0.71% | 8.90+0.37¢ | 1.54+0.080 | 51.39+0.24% | 56.17+0.41% | 4.78+0.75%
OPV 2 | 97.17x0.75% | 8.97+0.419 | 1.64+0.06% | 51.72£0.27% | 55.39+0.46% | 3.67+0.1190
OPV 3 [92.05+0.499| 8.68+0.13% | 1.65:£0.07¢ | 51.56+0.48% | 55.44+0.43% | 3.89+0.15%

ab means on the same column with different superscripts are significantly different (P < 0.05).
LL — length of leaves; LAI — leaf area index; SG — stem girth; DAT — days to 50% anthesis;
DAS — days to 50% silking; ASI — anthesis-silking interval
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Fig. 3. Average weekly number of leaves per plant from OPVs at tillage depth of 0-15 cm

Mean values showing different tillage depths on the performances of maize fable 2
Depth of tillage LL [cm] LAI [cm?] SG [cm] DAT DAS ASI
0-15 cm 90.67+6.22b | 8.87+£0.75% | 1.50+£0.51° | 50.77+0.13%|54.85+6.74% | 4.07+0.18?
0-30 cm 93.98+5.49% | 8.82+0.81°0 | 1.72+0.14% |52.33+0.15%| 56.48+7.10% | 4.14+0.21¢

ab

means on the same column with different superscripts are significantly different (P < 0.05).

LL — length of leaves; LAI — leaf area index; SG — stem girth; DAT — days to 50% anthesis;

DAS — days to 50% silking; ASI — anthesis-silking interval

The average number of leaves on selected marked maize stands among
the replicates 1, 2, 3 and the varieties OPV 1, OPV 2 and OPV 3 are 9.41,
9.28 and 9.51 respectively for 0—15 cm depth and 9.96, 9.53 and 9.97 for
0—30 cm depth. In both depths, only OPV 1 and OPV 3 were statistically
different from each other. From their standard deviation values depicted
in Tables 1 and 2, they are closer to each other signifying lesser deviations
in the values of the number of leaves. In Figures 3, 4, the number of leaves
increased with an increase in number of weeks after sowing, as expected.

12

= —
o —

average number of leaves
©

WK2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WK10WK 11
weeks after sowing

—-—0PV1
-=-(OPV 2
—+—(OPV 3

Fig. 4. Average weekly number of leaves per plant from OPVs at tillage depth of 0—30 cm
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Also, there was constancy in the number of leaves starting from week 7,
this happened in both depths, showing that healthy growth of tasseling
has been initiated. However, the number of leaves were different for vari-
eties OPV 1, OPV 2, OPV 3 at both depths of tillage.

On the mean values showing different tillage depths on the perfor-
mance of the three maize varieties, Table 2 shows that the mean values of
different tillage depths were statistically different for the length of leaves,
leaf area index, stem girth, anthesis-silking interval and for all other yield
components. The plant height, stem girth, days to 50% anthesis and days
to 50% silking were all lower at 0—15 cm with 111.22, 1.50, 50.77 and 54.85
than corresponding values at 0—-30 cm depth of tillage respectively, Ta-
bles 1, 2; Figures 5, 6.

140

120 y=12.499x — 1.348
R?>=0.97

—
o
o

(03]
S

——-0OPV1
-=- 0PV 2
—+—(OPV 3

plant height [cm]

0
WK2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WK10WK 11
weeks after sowing

Fig. 5. Average heights of plants from OPVs at tillage depth of 0-15 cm
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0
WK2 WK3 WK4 WK5 WK6 WK7 WK8 WK9 WK10WK 11
weeks after sowing

Fig. 6. Average heights of plants from OPVs at tillage depth of 0-30 cm
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The yield of three maize varieties at different tillage depths

Table 3 shows the values of cob weights of the three post dehusking
and pre dehusking maize varieties. It is of note that at both 0—15 cm and
0-30 cm depths of tillage, there were statistical differences among the
mean values of the number of cobs and weights of cobs at the both before
and after dehusking among different varieties OPV 1, OPV 2 and OPV 3.
Similarly, there were statistical differences among the mean values of the
harvested weights’ recorded from cobs before and after dehusking among
different varieties OPV 1, OPV 2 and OPV 3.

After dehusking cob weight was the highest at OPV 3in 0—-15 cm depth
(8.67 and the lowest at OPV 2 (5.00). It 1s also worthy to note that varieties
planted at 0—15 cm had the highest cob numbers and after dehusking cob
weights than 0—30 cm depth. The three varieties have good morphological
parameters that could have led to their moderate performances culminat-
ing in the highest yield of 9.90 t ha! recorded for the OPV 3 at 0—15 cm
tillage depth. This was a 25.32% increase over the yield 7.90 t ha'! recorded
in the 0-30 cm depth of tillage.

Table 3
Cob weight yields of three maize varieties at different tillage depths
Tillage depth Type Variety Mean +SEM
OPV 1 6.77 0.34
post-dehusking OPV 2 6.27 0.70
OPV 3 8.67 1.70
0-15 cm
OPV 1 7.30 1.00
pre-dehusking OPV 2 7.33 2.03
OPV 3 9.90 2.33
OPV 1 5.47 0.29
post-dehusking OPV 2 5.00 0.58
OPV 3 6.87 1.35
0-30 cm
OPV 1 5.83 1.15
pre-dehusking OPV 2 5.57 1.91
OPV 3 7.90 2.23
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Discussion

Yield components of different maize varieties at different depths
of tillage

With OPV 3 having the highest number of leaves, plant height and
stem girth, this may be as a result of genetic characteristics of the individ-
ual maize varieties. The findings of ENUJEKE (2013) agree with this, he
reported that the variations in genetic constituents of the crops could lead
to differences in growth indices of some crops as there could be physiolog-
ical differences in their features. Values recorded for Anthesis-silking
interval across all varieties indicated that they are modern and important
for maize crop to be productive, for OPV 2 to have the value of anthe-
sis-silking interval (3.67), although lower when compared to OPV 3 (3.89)
which was 5.6% higher, both values could depict the fact that these two
varieties have desirable genetic characteristics that can promote the much
evidenced development in these yield components: number of leaves, plant
height and stem girth in this open-pollinated variety provided they are
adequately managed by the farmer. Also, these OPVs have the potentials
of producing really high yields as evidenced in the values recorded espe-
cially for ASI across all the varieties. This is in line with the reports of
ENUJEKE (2013) and MAGOROKOSHO et al. (2003). It can also be surmised
that genetical variation for ASI may indicate differences in the relation-
ship between other growth parameters (number of leaves, plant height,
stem girth and LAI) and yield components (ASI, DAS, and DAT) and hence
differences in partitioning of any could-be-formed of these growth param-
eters or yield components may assimilate to the crop’s ear at flowering. It
could also be attributed to the differences in yield components in maize
cultivars to stomata conductance value and differences between genotypes
in the partitioning of photosynthetic materials towards economic yield.
(ENUJEKE 2013, MAGOROKOSHO et al. 2003, EDMEADES et al. 2000).

The highest number of leaves, plant height, leaf length and stem girth
obtained for these maize varieties planted at the tillage depth of 0—-30 cm
agreed with the findings of ENUJEKE (2013) MRABET (2011) and MOLATUDI
and MARIGA (2009). In contrast, WATO (2019), in his study reported that
the shallower depth of planting for maize had the highest number of
leaves, plant height, leaf length and stem girth than the deeper depth of
planting. Although depths of planting are not the same as depths of till-
age, though they are not independent of each other, therefore, the results
of this experiment agreed with WATO (2019) findings on how depths of
planting, depths of tillage affected the yield components in different maize
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varieties he experimented upon. Also, other factors like environmental
parameters (not researched into in this study) may be responsible for dif-
ferences in the yield parameters as revealed by these results, moreover,
that depth of planting was within the depth of tillage 0—15 cm. The con-
trast on how shallower and deeper depths of planting affect performances
of maize on the field may be a result of edaphic and environmental charac-
teristics or genetic characteristics of the varieties used in this study. More
investigations are needed to determine the effect of any of these factors on
the yield components under tillage and planting.

Although 0-15 cm depth of tillage gave the highest yield of maize in
the research, however WANG et al. (2019) reported that soil properties and
crop yield improved when deep tillage of more than 25 cm was used in the
North China Plain (which is a temperate area). This contrast may be so
because of the differences between what temperate zone of the world may
offer and what the tropical soil and environment may add to crops’ growth
and yield. In addition, tillage was also advantageous under water stress as
the uptake of subsoil water and crop yield were increased. It could also be
an observation related with the ability of tillage depth on the soil granular
structure and also on the depth to which the root of the crop was restricted
under shallow tillage and variations in the water and nutrient supply to
the crop (PIAO et al. 2016).

Starting from week 7, there was apparent constancy in the number of
leaves as more leaves were not added, this happened in both treatments.
This shows healthy growth as tasseling should occur then. However, the
number of leaves was different for varieties OPV 1, OPV 2, OPV 3 at both
depths of tillage. This could be because of the differences in the depths of
soil cut and the residual effects on the roots of maize which would allow
their development in the soil to reach different depths due to factors like
permeability, nutrients’ ease of absorption and ease of soil aeration. This
opinion agrees with PIAO et al. (2016).

The yield of different maize varieties at different depths
of tillage

Maize varieties planted at 0—15 cm tillage depth had a better number
of cobs than those planted at 0—-30 cm, and out of the three varieties, at
0—15 cm OPV 1 had the highest mean number of cob while OPV 3 had the
highest mean cob weight (9.90). These variations in yield may be the result
of special genetic qualities possessed by the maize varieties. This opinion
can be strengthened by the reports of SEID et al. (2013) and MOLATUDI and
MARIGA (2009) who reported that some maize varieties have yield advan-
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tages over other maize hybrids due to their possession of special genetic
qualities. These genetic qualities could have been therein in their culti-
vars and could have been intentional by the breeders or might have
resulted from physiological processes within the seeds then or thereafter.
The evident variations in yield of cob seen could also be related to tillage
depth as 0-15 cm depth was better than 0—-30 cm depth of tillage as shown
in the 25.32% increase of OPV 3 in 0—15 cm depth over the yield, 7.90 t ha !
recorded in the OPV 3 in 0-30 cm depth of tillage. The report corroborated
WANG et al. (2019) and SHAO and BAUMGARTL (2016) who showed that
conventional tillage increased maize yield.

Moreover, the statistical differences among the mean values of the
harvested weights’ recorded on cobs before and after dehusking among
different varieties OPV 1, OPV 2 and OPV 3 could be due to some factors
like variety differences, depths of tillage which could affect the develop-
ment of roots and by extension affected shoot development in the maize as
evidenced from the Figures 3—6 on the growth parameters namely the
number of leaves and plants’ heights. Also, these statistical differences
among the yield components and growth parameters may be due to some
other soil factors especially the soil biotic factors that were not taken into
consideration as the experiment held them constant throughout for all the
treatments in that period.

Conclusion

The study investigated the effect of different depths of tillage on the
yield components of field tilled, sown with open-pollinated maize (Zea
mays L.) varieties. Three varieties of open-pollinated varieties used in the
research have good morphological performance but the highest yield was
recorded at maize OPV 3. Also, maize varieties planted at 0—15 cm depth
of tillage had better performance and yield than those planted at 0—30 cm
depth of tillage. Depths of tillage and varieties have effect on the perfor-
mances and yield of yellow maize on the field.

Accepted for print 28.10.2021
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Abstract

An assessment of macroinvertebrate community and water quality of a rural river in South-
East Nigeria was carried out between May and October 2019 in three stations in relation to
anthropogenic activities. The major anthropogenic activity in the river was indiscriminate sand
mining. The water samples were collected and analyzed using standard methods while
macroinvertebrates were sampled using modified kick method and sweeping of aquatic
macrophytes with handnet. Results showed that pH, dissolved oxygen and biochemical oxygen
demand were not within acceptable limits. 346 macroinvertebrates individuals from 12 taxa and
3 taxonomic groups were recorded. The macroinvertebrates consist more of pollution tolerant
species like Haliplus sp. larvae and Chironomus sp. larvae and the community structure pointed
to perturbation. Canonical correspondence analysis showed that the first canonical axis
accounted for over 80% of the variation with eigen value of 0.042. Axis 1 had strong positive
association with Hemiptera and Diptera explained by temperature and BOD while Axis 2 had
strong positive association with Araneae influenced by phosphate and BOD. Station 2 influenced
by temperature, had strong positive association with Axis 1 while station 1 influenced by pH,
TDS and EC, had strong negative association with Axis 1. Station 3 influenced by phosphate and
BOD had strong positive association with Axis 2. Indiscriminate sand mining have not adversely
affected the water quality; however, the macroinvertebrate community was adversely affected
which reflected in the dominance of tolerant species and the community structure.
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Introduction

Rivers as important biodiversity systems are among the most produc-
tive ecosystems on the earth and provide the favourable conditions that sup-
port wide range of flora and fauna. Most of the freshwater bodies all over the
world are polluted as a result of human activities and thus affecting the
ecosystem services derivable from them (GUPTA et al. 2005, ANYANWU 2012,
GOLDSCHMIDT 2016, AMAH-JERRY et al. 2017). The quality of water can be
affected by meteorological and climatic factors while the variability of
anthropogenic activities was the major factor that could explain the day to
day variability (SCHEILI et al. 2016a, b). Indiscriminate sand mining is
a major anthropogenic activity in most rivers in the region (including
Iyiakwu River), which was observed to increase with increasing rainfall
(ANYANWU and UMEHAM 2020). Indiscriminate sand mining has been
reported as one of the potential threats to the freshwater biota; through
increased turbidity, reduced organic detritus supply, loss of breeding and
spawning grounds (SHEEBA 2009). The quality of the aquatic ecosystem can
be predicted by the assessment of biological communities and many research-
ers have used this approach to determine the ecological effects of pollution
(AKINDELE and LIADI 2014, ANYANWU et al. 2019, ALIU et al. 2020, SANTOS
and FERREIRA 2020). The Nigerian inland waters have been reported to sup-
port a wide range of aquatic organisms (ATOBATELE and UGWUMBA 2008).

The freshwater macroinvertebrates are largely made up of insects; oth-
ers include crustaceans, gastropods, bivalves and oligochaetes (ALLAN
1995, MERRITT et al. 2008, THORP and COVICH 2001). The use of macroin-
vertebrates in biological monitoring have been consistent and reliable
when compared to the use of other organisms (plankton, fish, etc) because
they have wide distribution, sensitive to organic pollutants and easy to
sample at minimal cost (KALYONCU and GULBOY 2009, SETIAWAN 2009).
Factors like water quality, substrate type, sediment and particle size, flow
regime determine the community structure of macroinvertebrates in asso-
ciation with the prevailing conditions in the watershed (WARD et al. 1995,
BUSS et al. 2004).

A number of studies on macroinvertebrate communities and water
quality have been carried out in Nigeria (ARIMORO et al. 2015, ANYANWU
and JERRY 2017, IYAGBAYE et al. 2017, ANYANWU et al. 2019, ALIU et al.
2020). However, little attention has been given to the best of my knowledge
to smaller rural rivers like Iyiakwu, scattered all over the country and har-
bour a significant proportion of the nation’s freshwater biodiversity.

The objective of this study was to assess the macroinvertebrate com-
munity and water quality of Iyiakwu River, Elemaga, Ikwuano, South-
East Nigeria in relation to anthropogenic activities.
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Materials and Methods

Study area and sampling stations

The study was carried out in Iyiakwu River, Elemaga, Ikwuano Local
Government Area, Abia State, Nigeria. The section of the river studied lies
within Latitude 05°26°21"-05°26’40”N and Longitude 07°373"-07°37'16"E
(Figure 1). The study area is within the sub-equatorial zone; having
a mean annual rainfall of 4000 mm (NWANKWO and NWANKWOALA 2018).
It is characterized by high relative humidity of over 70% and high tem-
perature of about 29-31°C (NWANKWO and NWANKWOALA 2018). It is also
characterized by the wet season (May to October) and dry season (Novem-
ber to April); a double maxima rainfall peaks in July and October. The
area also experiences a short period of dryness between the peaks in
August usually referred to as “August break”.

5280N

5270N

560N

487.5 975 2,925

LS

5250N

Abia Ster ng twiano L.G.A.

T T T
7°370"E. 7°38'0"E 7°39'0"E.

Fig. 1. Map of Elemaga, Ikwuano LGA, Abia State, Nigeria showing the sampling stations
of Iyiakwu River

UHEGBU et al. (2013) reported that the area is situated geologically in
the Eastern Niger Delta; falling within Bende-Ameki Formation and the
Benin Formation in Abia State. The Bende-Ameki formation was further
classified into two lithological groups — the lower part made up of fine to
coarse grain sandstones and intercalations of calcareous shales and thin
shelly limestone and upper part made up of coarse, cross-bedded sand-
stone with bands of fine, grey-green sandstone and sandy fossiliferous
clays (FMENV. 2005). The age of the formation has been reported to be
early Eocene and early middle Eocene respectively (UHEGBU et al. 2013,
OBASI et al. 2015). The area is endowed with natural springs and streams
including Iyiakwu River which flows from Bende (the northern boundary)
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through the study area in a south-westerly direction and empties itself at
the Qua Iboe river in Akwa Ibom state (UKAGWU et al. 2017, NWANKWO
and NWANKWOALA 2018)

Station 1 was upstream, located in an agricultural area with sandy
substrate. Sand mining activities were observed some distances upstream
of this station. Human activities observed during the study include
extraction of water for drinking, processing of breadfruit (Treculia afri-
cana) and fermentation of cassava (Manihot esculenta) tubers in plastic
containers and farming activities. Station 2 was 2.15 km downstream of
station 1 with sandy substrate. Sand mining activities was intense; other
activities include extraction of water for drinking and nursery, washing of
clothes, fermentation and processing of cassava (Manihot esculenta)
tubers in plastic containers and swimming. Station 3 was 1.97 km down-
stream of station 2; also with sandy substrate. It was located within a
large expanse of palm bush, cocoa farms and farmlands. Little or no activ-
ities were observed during the study but sand mining activities was
observed in September and October 2019.

Samples Collection and Analyses

Water samples

Water samples were collected monthly from Iyiakwu River between
May and October 2019 in sterilized 1litre plastic bottles. Some physico-
chemical parameters were determined in-situ — water temperature was
determined with mercury-in-glass thermometer, flow velocity was deter-
mined by floatation method, transparency was determined with Secchi
Disk, pH, electrical conductivity and total dissolved solids were all deter-
mined with handheld meter (pH/EC/TDS Meter-HANNA 3100 Model).
Other parameters were determined in the laboratory — dissolved oxygen
and biochemical oxygen demand were determined with Winkler’s Method
with azide modification method while nitrate was determined with UV
spectrophotometric method and phosphate with stannous chloride method.

Macroinvertebrate sampling

Macroinvertebrate samples were collected from the sediments using
the modified kick sampling technique described by KECT et al. (2012). The
sediment upstream was disturbed by kicking with foot for about 5 minutes
and the macroinvertebrates dislodged were washed into the net placed
downstream of the disturbed point. Aquatic macrophytes along the banks
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of the river were also swept with the hand net against the water current
and the macroinvertebrates dislodged were washed into the net. All the
samples were preserved with 10% formalin in a plastic container and
taken to the laboratory for proper identification. The isolated macroinver-
tebrates were identified to the lowest possible taxonomic level with the
aids of the following taxonomic keys: WILLOUGHBY (1976), MERRITT and
CUMMINS (1996) and UMAR et al. (2013). The numbers were counted.

Statistical Analysis

The data were summarised into maximum, minimum, mean and stan-
dard error of the mean using Descriptive Statistic Package of Microsoft
Excel while two-way ANOVA was used to test for statistical differences
among the stations and months. Tukey’s pairwise comparisons test was
performed to determine the location of significant difference (P < 0.05).
The community structure of macroinvertebrates was determined using
Margalef (D), Shannon-Wiener (H) and Evenness (E) indices. Canonical
correspondence analysis (CCA) was used to evaluate relationships between
the macroinvertebrate groups and environmental variables with PAST
statistical package (HAMMER et al. 2001).

Results
Water quality

The summary of physico-chemical parameters measured in the surface
water of Iyiakwu River is shown in Table 1. Two-way analysis variance
(ANOVA) showed that there were no significant differences (P > 0.05) in all
the physicochemical parameters evaluated.

Water temperature values ranged between 22.4 and 24.0°C. The lowest
water temperature value was recorded in station 1 in July 2019 while the
highest water temperature value was recorded in station 2 in May 2019 (Fig-
ure 2a). The transparency values ranged between 3.8 and 52.0 cm. The
lowest transparency value was recorded in station 3 in October 2019 while
the highest transparency value was recorded in station 1 in June 2019
(Figure 2b). Transparency generally decreased with increasing rainfall from
May to October 2019. The flow velocity values ranged between 0.18 and
0.40 ms'L. The lowest flow velocity value was recorded in station 2 in August
2019 while the highest flow velocity value was recorded in station in 3 in
September 2019 (Figure 2¢). The flow velocity generally increased with the
rains from August 2019.
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pH values ranged between 5.2 and 6.3. The lowest pH value was recorded
in station 1 in August 2019 while the highest pH was recorded in station 1
in June 2019 (Figure 2d). All pH values were acidic and outside the accept-
able limit set by FMEnv. (2011). Electrical conductivity values ranged
between 19.4 and 76.6 uS cm™L. The lowest conductivity value was recorded
in station 3 in September 2019 while the highest conductivity value was
recorded in station 1 in July 2019 (Figure 2e). Total dissolved solid values
recorded ranged between 9.8 and 38.4 mg 1'L. The lowest TDS value was
recorded in station 2 in September while the highest TDS value was recorded
in station 1 in July 2019 (Figure 2f). TDS followed the same trend as Electri-
cal Conductivity. Dissolved oxygen values ranged between 2.8 and 6.0 mg 1-1.
The lowest DO value was recorded in station 3 in September 2019 while the
highest DO value was recorded in station 2 in July 2019 (Figure 2g).

All DO values were lower than acceptable limit, except one in station 1
(July 2019). Biochemical Oxygen Demand values ranged between 1.2 and
3.6 mg I'L. The lowest BOD value was recorded in station 1 in September
2019 while the highest BOD values were recorded in stations 1, 2 and 3 in
July, June and October 2019 respectively (Figure 2h). These values
exceeded limit set by FMEnv. (2011).

Nitrate values ranged between 0.12 and 0.31 mg 1'1. The lowest nitrate
value was recorded in station 3 in May 2019 while the highest nitrate
value was recorded in station 1 in July 2019 (Fig. 2i). Station 1 was gener-
ally higher than the others though within acceptable limit. The phosphate
values ranged between 0.08 and 0.20 mg 1'1. The lowest phosphate value
was recorded in station 2 in September 2019 while the highest phosphate
value was recorded in station 1 in July 2019 (Figure 2j). All the phosphate
values were within acceptable though station 1 recorded higher values.

Macroinvertebrates Composition, Abundance
and Distribution

The overall species composition, abundance and distribution of macro-
invertebrates are presented in Table 2. A total of 346 macroinvertebrate
individuals comprising of three (3) taxonomic groups and twelve (12) taxa
was recorded. Percentage composition of the taxa showed that freshwater
shrimp, Caridina africana had the highest abundance (24%), followed by
crawling water beetle, Haliplus sp. larvae (16.8%) while the least was the
water strider (Aquarius remigis). All the macroinvertebrates recorded in
this study were tolerant species except Caridina africana.

Spatially, station 3 recorded the highest number of macroinvertebrate
individuals (127), followed by station 1 (116 individuals) and the least is
station 2 (103 individuals). Monthly, the highest number of individuals
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(31) was recorded in May and June 2019 while the lowest (3 individuals)
was recorded in October 2019 (station 1). In station 2, the highest number
of individuals (35) was recorded in May 2019 while the lowest (4 individu-
als) was recorded in October 2019. The highest number of individuals
recorded in station 3 was 29 in July 2019 while the lowest (5 individuals)
was also in October 2019 (Figure 3).
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Fig. 3. Monthly distribution of macroinvertebrate individuals in Iyiakwu River, South-East Nigeria

Table 2
Species composition, abundance and distribution of macroinvertebrate fauna encountered
in Iyiakwu River, Elemaga, Southeast Nigeria

Group Taxa Stn 1|Stn 2|Stn 3| Total Pe;;znt-
Eleszfiifltera |Aquarius remigis (Say, 1832) 1 4 4 9 2.6
Diptera Chironomus sp. (Meigen, 1803) 3 15 | 11 | 29 8.4

|Anopheles gambiae (Giles, 1902) 3 4 5 12 3.5
Haliplus sp. Larvae (Stephens, 1821) 17 | 19 | 22 | 58 16.8
Coleoptera|Agabus bipustulatus (Linnaeus, 1767) 4 5 7 16 4.6
Hydrophilis triangularis (Say, 1823) 10 5 9 24 6.9
Libellula sp. nymph (Linnaeus, 1758) 10 6 8 24 6.9
Odonata |Gomphus sp. nymph (Charpentier, 1825) 9 7 8 24 6.9
Macromia sp. nymph (Walsh, 1862) 9 6 23 6.7
Crustacea |Sudanonautes africanus (A. Milne-Edwards, 1869) 8 10 | 27 7.8
Decapoda |Caridina africana (H. Milne-Edwards, 1837) 37 | 18 | 28 | 83 24
ﬁzf‘iﬁieda Argyroneta aquatica (Clerck, 1758) 5 3 9 17 4.9
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The community structure showed that Margalef species richness index
had a narrow range of between 2.271 and 2.273 (Table 3). On the other
hand, Shannon-Wiener index ranged from 2.131 to 2.313; with the highest
value recorded in station 3. The highest Evenness index (0.8418) was also

recorded in station 3.

Biodiversity indices of macroinvertebrate fauna of Iyiakwu River, South-East Niger'il:l ble?
Biodiversity indices Stn 1 Stn 2 Stn 3
Taxa (S) 12 12 12
Individuals 116 103 127
Shannon-Wiener (H) 2.131 2.306 2.313
Evenness (E) 0.7021 0.8362 0.8418
Margalef (D) 2.314 2.373 2.271

Relationship between macroinvertebrate
and physico-chemical parameters

The canonical correspondence analysis (CCA) ordination also showed
a good relationship between the macroinvertebrate groups and environ-
mental variables. The first canonical axis accounted for over 80% of the
variation in the data set (Table 4). Axis 1 had strong positive association

Table 4
Correlations of environmental variables with the two axes of canonical
correspondence analysis (CCA)

Variables Axis 1 Axis 2
Eigenvalue 0.041576 0.009274
Variation of species data explained [%] 81.76 18.24
HEM 0.483973 0.065333
DIP 0.445396 -0.0415
ARA -0.0433 0.352332
Station 1 -1.31265 -0.50962
Station 2 1.15547 -1.01371
Station 3 0.261842 1.28763
Temperature 0.987553 -0.20835
pH -0.99243 -0.07109
TDS -0.94815 -0.26817
EC -0.94123 -0.28843
BOD 0.849489 0.482787
PO4 -0.35756 0.951195
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with Hemiptera and Diptera; explained mostly by temperature and BOD
while Axis 2 also had strong positive association with Araneae that was
mostly explained by phosphate and BOD (Table 4, Figure 4). Spatially,
Axis 1 had strong positive association with station 2; explained mostly by
temperature and strong negative association with station 1; explained by
pH, TDS and EC. On the other hand, Axis 2 had strong positive associa-
tion with station 3 that was mostly explained by phosphate and BOD
(Table 4, Figure 4).

axis 2

trans ‘NO3

=5

axis 1

Fig. 4. Canonical correspondence analysis (CCA) ordination showing relationships between ma-
croinvertebrate groups, sites and environmental variables (BOD — biochemical oxygen demand,
DO - dissolved oxygen; trans — transparency; temp — water temperature; NO5 — nitrates;
PO, — phosphates; EC — electrical conductivity; Ara — araneae; Col — coleoptera; Hem — hemiptera;
Dec — decapoda; Odo — Odonata; Dip — diptera)

Discussion

Water quality

All the water temperature values were low though station 2 recorded
slightly higher temperatures which could be attributed to the openness of
the station; the other stations were shaded by trees. According to MOHSENI
and STEFAN (1999) and WEBB et al. (2003), air temperatures influence
water temperatures; the lowest water temperature was recorded in sta-
tion 1 in July, which is one of the peaks of wet season while the highest
value was recorded in station 2 in May before the onset of the wet season.
The temperatures values recorded in this study were relatively lower com-
pared to values recorded elsewhere in Nigeria. ABDULLAHI et al. (2008)
recorded 27.7-29.9°C in Challawa River, Kano, AKPE et al. (2018) recorded
23.0-30.5°C in Ikpoba River, Benin City and ANYANWU and MBEKEE (2020)
recorded 21.0-28.0°C in Ossah River, Umuahia, Nigeria.
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The lowest transparency was recorded in station 3 in October; attrib-
utable to season and mining activities which peaked in September and
October 2019 while the highest was recorded in station 1 before the early
rains in June 2019. Anthropogenic activities like sand mining reduce
transparency and light penetration (KALE 2016) and have adverse effect
on benthic community and other aquatic organisms (ESENOWO and
UGWUMBA 2010). The transparency values were low compared to
12.5-100 cm recorded by ANYANWU (2012) in Ogba River, Benin City and
50.0-94.0 cm recorded by ANYANWU and MBEKEE (2020) in Ossah River,
Umuahia, Nigeria.

The flow velocities were moderate and generally increased with the
rains. The lowest value was recorded in station 2 during the August break
while the highest values were recorded in stations 1 and 3 during the peaks
of rain (September and October 2019 respectively). The flow velocities were
lower than 1.48-1.83 ms™! recorded in selected river in Ebonyi State, South-
East Nigeria by ANI et al. (2016) but higher than 0.05-0.13 ms™! recorded
by ANYANWU and MBEKEE (2020) in Ossah River, Umuahia, Nigeria. Dif-
ferent taxa are known to cope with different flow velocity thresholds and
time spans of being exposed to increased discharge (BROOKS et al. 2005,
OLDMEADOW et al. 2010). The velocity of water body also influences the
water body ability to assimilate and remove water pollutants (EFFENDI
et al. 2015).

The pH values were acidic and not within acceptable limit; attributed
to the geogenic, seasonal and anthropogenic influences. The values were
within the range recorded in the related studies in the region. ANYANWU
et al. (2019) recorded a range of 4.6-6.3 in Ossah River, Umuahia and
ANYANWU and UMEHAM (2020) recorded a range of 4.9-6.3 in Eme River,
Umuahia, Nigeria. However, AMAH-JERRY et al. (2017) recorded a higher
range of 5.0-9.1 in Aba River, Aba. The lowest value was recorded in sta-
tion 1 during the August break attributed to low precipitation and higher
atmospheric temperatures leading to concentration while the highest
value recorded in station 1 during the onset of rains in June may be due to
dilution by rain water (ATOBATELE and OLUTONA 2013, ETESIN et al. 2013,
Houssou et al. 2017). Sand mining activities also reduce the pH level of
water bodies as observed in ANYANWU et al. (2019) and ANYANWU and
UMEHAM (2020). Aquatic organisms are affected by pH because most of
their metabolic activities are pH dependent (MANICKAM et al. 2015).

The electrical conductivity values were moderate. Related studies in
the region recorded close ranges. AMAH-JERRY et al. (2017) recorded
a range of 3.5-98.0 uS cm'! in Aba River, Aba and ANYANWU et al. (2019)
recorded a range of 52.9-110.5 pS cm'! in Ossah River, Umuahia, Nigeria.
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The lowest value was recorded in station 3 in September 2019 which could
be attributed to dilution by increased rainfall while the highest was
recorded in station 1 in July which could be attributed to intense sand
mining activities around the station. The highest value recorded in ANY-
ANWU et al. (2019) was in station 1 that was subjected to sand mining
activities. REHMAN et al. (2016) and AKANKALI et al. (2017) reported that
sand mining activities can contribute to the increase in EC values while
DORAK (2013) pointed out that increasing EC is an indication of increasing
pollution

Total Dissolved Solids values were within acceptable limits and fol-
lowed the same trend with Electrical conductivity. AMAH-JERRY et al.
(2017) recorded a range of 8.0-24.2 mg I'! in Aba River, Aba and ANYANWU
et al. (2019) recorded a range of 25.7-55.3 mg 1! in Ossah River, Umuabhia,
Nigeria. EWA et al. (2011) reported that high level of EC usually corre-
spond to high value of TDS. Sand mining activities can contribute to the
increase in TDS as observed in electrical conductivity.

Most of the Dissolved Oxygen values were lower than acceptable limit.
This trend was observed in related studies in the region. AMAH-JERRY
et al. (2017) recorded a higher range of 2.7-8.8 mg I'! in Aba River, Aba,
ANYANWU et al. (2019) recorded a range of 3.2-6.4 mg I'! in Ossah River,
Umuahia and ANYANWU and UMEHAM (2020) recorded a range of
1.6-6.1 mg I'! in Eme River, Umuahia, Nigeria. The lowest value was
recorded in station 3 in September 2019 while the highest value was
recorded in station 2 in July 2019. Some of the impacts associated with
sand mining activities like addition of nutrients and chemicals, altering
the flow of water and raising the water temperature can reduce the oxygen
content of water (RAO et al. 2013). The lowest DO value recorded in ANY-
ANWU and UMEHAM (2020) was in station 4, which was immediately down-
stream to active sand mining and sand landing sites.

Some BOD values were above the acceptable limit. This trend was
observed in related studies in the region. AMAH-JERRY et al. (2017) recorded
a higher range of 1.1-6.1 mg 1'! in Aba River, Aba, ANYANWU et al. (2019)
recorded a range of 1.5-4.2 mg I'! in Ossah River, Umuahia and ANYANWU
and UMEHAM (2020) recorded a range of 0.8—4.3 mg I'l in Eme River,
Umuahia, Nigeria. Relatively higher values were recorded in stations 1,
2 and 3 in July, June and October 2019 respectively, which could be asso-
ciated with sand mining activities. This agreed with AKANKALI et al.
(2017), ANYANWU et al. (2019) and ANYANWU and UMEHAM (2020).

Nitrate values were all within acceptable limit. The values were lower
than the range recorded in the related studies in the region. AMAH-JERRY et
al. (2017) recorded a higher range of 7.4-79.8 mg 1! in Aba River, Aba, ANY-
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ANWU et al. (2019) recorded a range of 0.9—3.4 mg I'! in Ossah River, Umua-
hia and ANYANWU and UMEHAM (2020) recorded a range of 1.1-5.6 mg I'1
in Eme River, Umuahia, Nigeria. The lowest value was recorded in station 3
before the onset of rains in May 2019 while the highest was recorded in
station 1 during one of the peaks in July 2019. Station 1 was generally
higher than the others though within acceptable limit, which could be
attributed to the farming activities in the watershed rather than sand
mining activities. SOLANKI (2012) reported that runoffs from agricultural
fields is one of the major sources of nitrate inputs into freshwater. This is
contrary to ANYANWU et al. (2019) and ANYANWU and UMEHAM (2020)
where the highest values were recorded in stations subjected to sand min-
ing activities.

All the phosphate values were within acceptable limit though station 1
recorded higher values. The values were lower than the range recorded in
the related studies in the region. AMAH-JERRY et al. (2017) recorded
a higher range of 2.3-79.8 mg '} in Aba River, Aba, ANYANWU et al. (2019)
recorded a range of 0.1-2.7 mg 1'! in Ossah River, Umuahia and ANYANWU
and UMEHAM (2020) recorded a range of 0.4—4.6 mg1'! in Eme River, Umua-
hia, Nigeria. The lowest value was recorded in station 2 in September 2019;
attributable to dilution while the highest was recorded in station 1 in July
2019; attributable to agricultural activities as in the case of nitrate. Use of
fertilizers and pesticides are some of the sources of phosphate in water
system (MANDEL et al. 2012). This is also contrary to ANYANWU et al.
(2019) and ANYANWU and UMEHAM (2020) where the highest values were
recorded in stations subjected to sand mining activities.

Macroinvertebrates

The macroinvertebrate species composition was dominated by group
insecta as in ANYANWU et al. (2019) but different from the dominance of
group mollusca in ANYANWU and JERRY (2017). The number of individuals
was higher, taxonomic groups lower and taxa was higher when compared
to 168 individuals, 4 taxonomic group and 7 taxa recorded by ANYANWU
and JERRY (2017) in a suburban River in Umuahia, Southeast Nigeria.
ANYANWU et al. (2019) also recorded lower number of individuals (119),
higher taxonomic groups (5) and taxa (20) in an effluent-receiving river in
Umuahia, Southeast Nigeria.

The number of individuals, taxonomic groups and taxa were affected
by sand mining activities as reflected in the community structure. ZOU
et al. (2019) reported reductions of 89.80% and 99.54%, respectively in the
macroinvertebrate density and biomass, a significant reduction in the
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majority of macroinvertebrate taxonomic groups and species due substrate
destruction and high turbidity associated with sand mining. SHEEBA
(2009) also reported indiscriminate sand mining as one of the potential
threats to the freshwater biota; through increased turbidity, reduced
organic detritus supply, loss of breeding and spawning grounds.

The macroinvertebrate species recorded had some pollution tolerant
species especially Haliplus sp larvae and Chironomus sp larvae. Tolerant
organisms can survive in unstable environment because of their ability to
cope with perturbations (MARIANTIKA and RETNANINGDYAH 2014) and
become more abundant (KUCUK 2008). ZOU et al. (2019) recorded a decrease
of 28% in macroinvertebrate density and an increase in the density of
crustacea due to high turbidity in an area adjacent to the sand mining site.
Decapod crustacean, Caridina africana was recorded in high numbers in
all the stations. Station 3 had the highest number of individuals while
station 2 had the lowest which could be as a result of the effect of sand
mining activities in the station (SHEEBA 2009, ZOU et al. 2019). Benthic
forms are severely destroyed and their re-colonization prevented by sand
mining activities (BHATTACHARYA 2018). Macroinvertebrate abundance
decreased temporally with increase in the amount of rainfall. MCCABE
(2010) reported reduction of macroinvertebrate abundances by half or
more as being usual after heavy rainfalls. The decrease could also be
attributed to sand mining activities because the intensity usually increases
with the rains (ANYANWU and UMEHAM 2020). It has been reported that
rivers with unstable substrates tend to have low species diversity and the
organisms present usually manifest characteristics of disturbed environ-
ments (COBB et al. 1992). Invertebrate drifting could also be responsible
(NAMAN et al. 2016). Invertebrate drift could result from a number of fac-
tors; CASTRO et al. (2013) listed accidental dislodgement from the substra-
tum, interaction with other organisms, water quality changes, discharge
and current velocity. Some of these could be triggered by sand mining
activities. KOEHNKEN et al. (2020) reported that sand mining affect macro-
invertebrate drift, species abundance and community structures among
others. The macroinvertebrate community structure showed signs of per-
turbation. BALLOCH et al. (1976) reported that the diversity indices can be
used as suitable indicators of water quality. Species diversity indices are
useful tools for comparing communities to identify biotic disturbances or
level of stability (OLAWUSI-PETERS and AJIBARE 2014) and it increases as
the habitat increases in complexity or stability (LEINSTER and COBBOLD
2012). The Shannon-Wiener diversity values recorded were in the range
indicating perturbation especially in station 2. The Shannon-Wiener diver-
sity index 1s usually from 1.5 to 3.5 and hardly exceeds 4.5 (MAGURRAN
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1988, BIBI and ALI 2013). The index categories showed that values of < 1
indicated heavily polluted conditions, values of 1 to 2 indicated moderate
polluted conditions and values of > 3 indicated stable environmental con-
ditions (STUB et al. 1970, MASON 2002). The Margalef indices were equally
low, also indicating environmental instability. Margalef index does not
have upper limit value and varies according to the number of species. The
pielou’s measure of evenness was reduced especially in station 1. LEIN-
STER and COBBOLD (2012) reported that evenness is an important aspect
of diversity indices indicating the even distribution of the individuals
within the different species. Shannon-Wiener diversity and evenness indi-
ces were slightly higher in station 3 indicating signs of possible recovery.

Conclusion

Certain anthropogenic activities have more adverse impacts on water
quality and the biota than the others. This study has shown that indis-
criminate sand mining have not adversely affected the water quality.
However, the macroinvertebrate community was adversely affected which
reflected in the presence of tolerant species and the community structure.
The community structure gave an insight into the negative impact of sand
mining. There is need to regulate sand mining in order to preserve the
biotic components of such rural waterbodies.
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Abstract

Medicinal plants are an important source of bioactive molecules that are known for their
therapeutic properties. Chamaerops humilis L. (C. humilis) among the most traditionally used
therapeutic plants in Morocco, often found in the Mediterranean areas. Nowadays, medicinal
plants are gradually helping to replace synthetic drugs, in order to weaken the aggressive effects
of said compounds on the human body. In this study, C. humilis was collected in the zaer region,
the extracts of the selected parts are prepared by soxhlet extraction method using methanol as
solvent. Phytochemical analysis revealed the existence of tannins, flavonoids, saponins,
terpenoids, and coumarins. The quantification of phenolic compound showed that the roots
extract is the richest (151.09+2.83 mg GAE g1 of extract), while palm heart extract is the poorest
(79.12+2.17 mg GAE gl of extract). Evaluation of the antioxidant activities (AA) using the
DPPH, ABTS and FRAP tests indicated that methanolic root extract has good antioxidant
efficacy with IC;5, values of 1.99+0.02 pg mL'!, 87.65+0.66 ng mL!, and 279.61+4.90 pg mL'l’
respectively. The results of the various tests carried out are promising for a possible valorization
of C. humilis as a bioresource in the therapeutic field.
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Introduction

For a long time, man has relied on the resources of nature, especially
plants, for his food and medicine needs. Today, much research is being
conducted on natural substances and their potential medicinal use (RHAT-
TAS 2016 et al. 2016). It is estimated that more than 70% of medicines are
derived from plant substances. Nearly 170,000 organic molecules have
been identified from plants: quinine, digitaline, colchicine etc, less than
half of these compounds are intended for therapeutic uses (CHAABI 2008).
These organic molecules are being extensively studied for their potential
use as remedies for chronic diseases such as cancer, kidney stones, ulcers
and diabetes (PASSALACQUA 2006, RAMMALI 2009, SQALLI 2007). C. humi-
lis, is a concrete example of a valuable natural resource because it has
high ethno-pharmaceutical value (SQALLI and POLLIO 1994, BEGHALIA
2008, BENMEHDI 2012, HASNAOUI 2011). Doum is the Moroccan Arabic
name of our studied plant. It belongs to the tribe of Livistoneaes, sub-tribe
of Raphidinaes, of the genus Chamaerops, species Chamaerops humilis
(DRANSFIELD et al. 2005). It is a floristic plant widespread in many coun-
tries of the western Mediterranean (REENE 1957). C. humilis is a well-
known species since it is the only species of its family in the northern
Mediterranean (QUEZEL et al. 1999). It avoids areas that are too wet or too
dry and grows spontaneously. C. humilis has several medicinal and
non-medicinal uses. It is an ornamental plant, a source of fiber for domes-
tic and artisanal uses (MOTTI 2009, SAVO 2013). It is also a dietary source
whose heart, young shoots and fruit are edible and rich in nutrients (TAR-
DIiO et al. 2006). Aqueous C. humilis leaf extract is traditionally used to
treat diabetes, as it is thought to reduce total cholesterol and triglyceride
levels. The traditional use of this plant suggests that it may be a potential
source of medication and may be useful in the management of secondary
complications of diabetes and gastrointestinal disease (GAAMOUSSI 2010).
Furthermore, the fruits of C. humilis are used as antiseptics, while the
roots are used to treat anemia and intestinal worms. These uses can be
supported by the fact that the alcoholic extract of this plant has been
shown to be rich in phenolic compounds that have an interesting antioxi-
dant action (KHOUDALI 2014).

Our work is based on a comparative study between five different parts
of the dwarf palm, four underground parts include the fibers, bark, roots
and heart of the palm, and the other aerial part includes the leaves.
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Materials and Methods

Preparation of extracts

The studied parts of C. humilis are collected in the Zaer region (75.9 km
to Rabat, Morocco) in December 2018, the different parts dried for about
ten days in the shade. 15 g of mixed material from each sample are placed
in a cellulose cartridge and subjected to extraction by the soxhlet for
6 hours with hexane, followed by a second extraction with methanol for
4 hours. The extracts are then concentrated under vacuum using a rotary
vacuum evaporator (Heidolph G1, Germany) at 60—75°C and the dried res-
idues are stored at -4°C for further studies.

Moisture determination

Moisture is the amount of water contained in plant matter. This
parameter was measured by the oven drying method at 105+5°C. To ensure
good preservation, the moisture content must be less than or equal to 10%
(SHARIFIFAR et al. 2007). The percentage of moisture is calculated by the
following formula:

M[%] = M 100
mq
where:
M — percentage of moisture
m; — weight of the sample in grams after harvesting of the fresh plant.
m, — weight of sample in grams after drying (dried plant).

Phytochemical screening

Phytochemical screening is a qualitative test based on precipitation and
turbidity reactions or color change. These reactions are used to determine
the presence or absence of secondary metabolites in the C. humilis parts.

We characterized the different chemical groups using methanolic
extracts following the techniques as described in published literature
(CHATOUI 2016, LABIAD 2017).

Alkaloids

Alkaloids are detected in extracts with the Mayer reagent by a precip-
itation reaction. Each methanolic extract was dissolved in a few mL of 50%
hydrochloric acid, the formation of a yellow precipitate after the addition
of drops of reagent indicates the presence of alkaloid (ABBAS 2014).
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Tannins

1.5 g of each dry extract is mixed with 10 mL of methanol (80%), and
stirred for 15 minutes; the extracts are filtered and placed in test tubes.
The presence or absence of tannins is detected by the addition of 1% FeCls.
The blue-black and green-brown color indicates the presence of gallic and
catechic tannins respectively (DOHOU et al. 2003).

Flavonoids

The detection of flavonoids is based on the reaction of cyanidin.
Two mL of extract are vaporized, and the residue is absorbed in 5 mL of
HCI-EtOH (2:1, v/v). 2 to 3 parts of magnesium are added to cause heat
release, which subsequently results in pink or purplish coloration. This
coloration intensifies after the addition of 3 drops of isoamyl alcohol, which
indicates a positive reaction (AzZI 2013).

According to Liebermann’s reaction, 5 mL of each extract is vaporized
on a sand bath. The residue is dissolved hot in 1 mL of acetic anhydride.
The addition of 0.5 mL of concentrated sulphuric acid produces a purple
color which changes to blue and then green indicating the existence of
polyterpenes and sterols (YAM et al. 2009).

Coumarins

In a test tube, 0.5 mL of sodium hydroxide solution (10%) is added to
2 mL of the extract dissolved in methanol, and heated to boiling. Then
4 mL of pure water are added to the mixture. When the tube becomes
transparent, this reflects the presence of coumarins.

Saponins

The mixture of 1 mL of the extract with two mL of hot pure water was
stirred vigorously for 15 seconds and then left to stand for a quarter-hour.
Stable and persistent foam greater than one centimeter in height indi-
cates the presence of saponins (BEKRO 2007).

Starch

10 mL of a saturated solution of NaCl are added to the aqueous extract
(1 mL). After heating, starch is added as a reagent, if the mixture turns
a purplish blue, it indicates the presence of starch.
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Protein

Proteins are detected in the residues of certain parts of C. humilis by
the biuret reaction. A few milligrams of each residue are dissolved in two
mL of the aqueous solution of NaOH 20%, then 2 to 3 drops of a 20% aque-
ous solution of CuSO,. The appearance of a purple color, sometimes with
a reddish tinge, indicates a positive reaction.

Determination of secondary metabolites

Total phenolic content (TPC)

The determination of polyphenols content of methanolic extracts was
carried by UV-Visible spectrophotometry using the Folin Ciocalteu reagent
(F-C) method (LISTER 2001). In a test tubes, 0.5 mL of sample solution
was mixed with 0.5 mL of the aqueous solution of Folin (10%) and 4 mL of
Na,COg4 (7.5%). The tubes were placed for 30 minutes in a water bath at
45°C. The absorbance was measured at 765 nm. TPC was estimated using
a standard gallic acid reagent curve; results were expressed as milligram
gallic acid equivalent per gram of extract (mg GAE g1 E).

Total flavonoids content (TFC)

The aluminum trichloride (AICl;) method is used to determine the fla-
vonoids content (RIAZ et al. 2009). The test consisted in adding 1 mL of
sample solution prepared in methanol with 6.4 mL of pure water and
0.3 mL of NaNO,, 5%, after 5 minutes, 0.3 mL of AICl; solution at 10% was
added, the whole was left for 6 minutes before adding 2 mL of NaOH solu-
tion (1 M). The absorbance was measured at 510 nm after 30 minutes of
incubation. The TFC was calculated using a standard quercetin curve

(mg QE g E).
Total tanins content (TTC)

The vanillin acid method consists of determining the condensed tan-
nin content of each extract (SUN 1998 ). The assay consists of mixing
100 pL of the methanolic solution of the sample with 3 mL of the vanillin
solution prepared in methanol (4%), 1.5 mL of hydrochloric acid (HCI) (37%)
is added to the mixture, the latter is put 20 minutes in the dark, the absor-
bance was read at 500 nm by spectrophotometer. The results were expressed
as milligram of catechin equivalent per gram of extract (mg CE g1 E).
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Antioxidant capacity

Radical scavenging activity of 1,1-diphenyl picryl hydrazyl
(DPPH)

The DPPH - test measures the antioxidant power of plant extracts
using an organic solvent. This test consists in reducing the free radical
DPPH* by hydrogen transfer, the reaction involved causes a transforma-
tion of the blue color of the DPPH solution to pale yellow. Briefly, 0.5 mL
of the 0.2 mM methanolic DPPH solution was added to 2.5 mL of the stock
extract solution at different concentrations and standards (Ascorbic Acid
and Trolox). The solution of each sample is then incubated for 30 min in
the dark, the absorbance was measured at 517 nm compared to blank sam-
ples (EL. MOUDDEN et al. 2019).

ABTS radical scavenging test

The following method is used to reduce the cationic radical ABTS * °.
This method is described by ARNAO (2001). The procedure consists in pre-
paring a solution of 2 mM ABTS and 70 mM potassium persulfate (K5S,04)
in equal volumes and leave it stirred in the dark for 12 to 16 hours at
ambient temperature. The solution obtained should be read at an absor-
bance of (0.70+0.02) at 734 nm by dilution in methanol. 2 mL of the pre-
pared solution was added to 200 puL of the methanolic solution of the
extracts and the standard (Trolox) at different concentrations, the absor-
bance was known at 734 nm after 30 min. The difference in absorbance
between the ABTS solution in the presence and absence of the sample for
the observation of the potential of the compounds responsible for this
activity to reduce this radical.

Calculation of the antioxidant activity

The antioxidant capacity by two methods DPPH and ABTS was then
calculated using the following formula:

(Abs C—AbsE)
Abs C

AA [%] = 100

where:
Abs C — control absorbance
Abs E — absorbance of the extract.
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The inhibitory concentration (IC5)) was determined as the concentra-
tion of the extract which produces 50% of the trapping effect of the free
radicals (DPPH and ABTS).

Reducing power activity (FRAP)

The reduction reaction of ferric ions to ferrous ions is a method deter-
mined and modified by TOPCU et al (2007). It consists of mixing 1 mL of
stock solution of the studied extract and standard (ascorbic acid) at differ-
ent concentrations with 2.5 mL of a 0.2 M phosphate buffer solution at
pH = 6.6, and 2.5 mL of a potassium ferricyanide solution KsFe(CN)g
(1% w/v). The mixture is incubated for 20 minutes in a water bath at 50°C.
The reaction is then stopped by adding 2.5 mL of trichloroacetic acid TCA
(10% w/v). The tubes are put in the centrifuge for 10 min at 3000 rpm. 2.5 mL
of the supernatant is collected and mixed with 2.5 mL of distilled water and
0.5 mL of a 0.1% aqueous solution of ferric chloride (FeCl; - 6H,0). The read-
ing of the absorbance is done at 700 nm against a blank prepared in the
same manner by pure water.

The effective concentration (ECy,) was defined at absorbance 0.5 of the
graph. This parameter allows to compare and identify the reducing capac-
ity of the bioactive molecules contained in each extract studied.

Data analysis

The analysis of variance ANOVA was realized by the statistical anal-
ysis software IBM SPSS Statistics 21, to validate the statistical signifi-
cance by Tukey’s test at 95.0% confidence level, The values are given as
of triplets means + standard error of the mean. The correlation between all
the results of the variables of the studied extracts of C. humilis was per-
formed by Pearson’s correlation. As well as the combination of the vari-
ables with the extracts of this study was done by PCA in the form of
a graphical representation, and that of HCA was done to pursue the rela-
tionships between all the samples in clusters based on the characteristics
of the bioactive agents measured. These three multivariate statistical
treatments are performed by XLSTAT 2014 software (ZIELINSKI 2014).
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Results and Discussion

Moisture content and extracts yields determination

The results of moisture content are presented in Table 1 and indicate
a variation from 29.56+1.48 to 68.96+3.31%, in the different part of the
C. humilis. There is no significant difference in the moisture content of
fibres, barks and roots, however palm hart records the high moisture con-
tent, while leaves have a moisture content of 50.10+3.33% (Table 1). These
values suggest short-term storage.

Table 1
Moisture and Extracts yields of different parts of C. humilis

. . . Extract yield
Specification Moisture content [%)] - -
hexanic extract [%)] methanolic extract [%]
Fibers 34.66+1.98¢ 3.11+0.34¢ 12.78+1.30¢
Barks 31.71+1.34¢ 2.65+0.32ba 25.24+2.48b
Roots 29.56+1.48% 2 .51+0.120b 15.70+2.219¢
Palm heart 68.96+3.310 1.12+0.08¢ 16.78+1.100b¢
Leaves 50.11+3.33¢ 1.63+0.07%¢ 22.98+1.42b¢

The means are presented as triplicate (n = 3e=SEM), values followed by the same letters in the
same column are not different (P < 0.05)

The extraction method must allow the extraction of a maximum
of phenolic compounds without alteration (HAYOUNI 2007). The solubility
of phenolic compounds is governed by their nature, by the extraction
method chosen and by the polarity of the solvents used. (GOLI 2005, ROBY
2013, SULAIMAN et al. 2011).

Table 1 showed that there was a significant difference between the
extraction rate according to the part of the plant and the solvent used.
A high yield of extract was found in the solvent with high polarity (meth-
anol). While hexane that extracting lipid fraction was in low yield. The
same results were found by GOLI et al. (2005) for pistachio, the extraction
rate increases according to the polarity of the solvent. Methanol is a sol-
vent of high polarity, which explains the relatively high total polyphenol
contents recorded in methanolic extracts (ROBY et al. 2013).

Phytochemical screening

Test samples were screened phytochemically for coumarins, proteins,
alkaloids, tannins, flavonoids, starches, saponins and terpenoids. The
results are shown in Table 2.
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Table 2
Phytochemical screening of different parts of C. humilis
Specification Fibers Barks Roots Palm Leaves
heart
Coumarins + + + ++ +
Proteins
Alkaloids
Catechic tannins ++ +++ + - +++
Gallic tannins + + + - ++
Flavonoids ++ ++ +++ + ++
Starchs
Saponins ++ ++ +++ ++ ++
Sterols and polyterpenes + + + ++ T+

The results are interpreted as follows: (+) weak presence, (++) medium presence, (+++) strong
presence and (-) absence

The phytochemical evaluation of the methanolic extracts of the five
parts of C. humilis shows that it contains: tannins, coumarins, saponisides,
flavonoids, and terpenes. The presence of the metabolites present in each
part of the plant differs according to the degree of coloration or the quan-
tity of the precipitate.

Phytochemical tests carried out on the methanolic extract of C. humi-
lis swarm leaves confirmed the presence of flavonoids, tannins, saponins,
terpenoids, and the absence of steroids (BENMESSAOUD et al. 2018). The
results obtained are similar to those reported previously in Algeria (Tlem-
cen region) and Morocco (Benslimane region) (BENMEHDI et al. 2012,
KHOUDALI et al. 2014). This means that the origin has no influence on the
presence of the chemical families, but the content of each metabolite may
vary from one region to another. In addition, extracts of C. humilis roots
from Algeria indicated the presence of phenolic compounds, flavonoids,
quinons, tannins, saponins and coumarins in the leaflet (BENAHMED-BOU-
HAFSOUN 2013).

Since C. humilis contains flavonoid, it is likely to have antitumor,
anticarcinogenic, anti-inflammatory, hypotensive and diuretic activities
(JEAN 2009). C. humilis contains also coumarins, which have different
effects on plant development depending on their concentration and also
depending on the species. They are considered phytoalexins, the metabo-
lites that the plant synthesizes in large quantities to fight infections caused
by fungi or bacteria and they also have antiedematous and vasoprotective
activities (HOFFMANN 2003).



260 Fatima-Zahra Eddahhaoui et al.

It should also be mentioned that the chemical family of tannins, found
also in C. humilis, has antiviral, antibacterial and anti-tumor activity. It
has also been reported that some tannins are used as diuretics (EZEABARA
et al. 2014). Saponins, which have been detected in the extract of parts of
C. humilis, are responsible for many pharmacological properties, such as
inhibitory effects on inflammation (ESTRADA 2000, JUST et al. 1998).

Total phenolic, flavonoid and tannin content
(TPC, TFC, and TTC)

Phenolic compounds are active principles responsible for antioxidant
powers in biological systems, by dint of its redox properties, which can
play an important role in the neutralization of free radicals by absorption,
the decomposition of peroxides, or the deactivation of singlet and triplet
oxygen (ARORA and CHANDRA 2011). The quantitative study of our differ-
ent extracts aims to determine total phenolic content: TPC, total flavonoid
content: TFC and total tannins content: TTC.

The total phenolic content was varied from 79.12+2.17 to 151.09+2.83
mg EAG g1 extract. The root is the richest part of phenolic compounds. No
significant difference (p > 0.05) between fibers, bark and leaves extracts
were observed, while palm heart extracts had lower values (79.12+2.17
mg GAE g'! E). The results obtained were lower than those reported by
BENMESSAOUD et al. (2018), for the leaves (125.847 mg GAE g1 E). While
the results of BENAHMED-BOUHAFSOUN et al. (2013) showed lower total
content in roots and leaves with values of 26 to 28.7 mg GAE.g! of extract,
respectively.

Similarly, the roots have the highest flavonoid content, with 50.81+2.5 mg
QE g'! of extract, followed by the three parts, bark, fibers and leaves, which
are partially of the same order (Table 3). Moreover, the palm heart

Total content of phenols, flavonoids and tannins in different parts of C. humilis extrazi?sble ’
Specification TPC 1 TFC 1 TTC 1
[mg GAE g E] [mg QE g EJ [mg CE g K]
Fibers 108.86+4.54¢ 34.18+2.1¢ 8.86+0.73%
Barks 122.01+6.91¢ 36.91+2.75% 10.07£1.21¢
Root 151.09+2.830 50.81+2.50 7.83+0.35¢
Palm heart 79.1242.17¢ 19.35+1.56¢ -
Leaves 97.74+3.95¢ 39.12+2.5% 1.97+0.69°

The values are given as of triplets mean + SEM, with similar letters in the different columns
indicating significant (P < 0.05). GAE — gallic acid equivalent; QE — quercetin equivalent;
CE — catechin equivalent; TPC — total phenolic content; TFC — total flavonoid content; TTC — to-
tal tannin content
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had the lowest flavonoid content (19.35+1.56 mg QE per 1 g of extract).
BENAHMED-BOUHAFSOUN (2018) found that flavonoid content of the leaves
1s twice as high as that of the roots, with respective contents of 40.7+0.53,
and 20.04+0.62 mg EQ g! of extract, and reported a low content of flavo-
noid in the leaves (2.663+0.244 mg QE g! of extract)

As regards the tannin content, all parts are poor, with a value varying
between 10.07+1.71, and 1.97+0.98 mg CE g1 E, for the palm heart the
amount of tannin was not detected. DJIPA et al. (2000) reported that the
fibers contain 0.37 % of tannins

Antioxidant activity

The IC; is a parameter that defines the concentration of antioxidants
needed to reduce the initial concentrations of free radicals by 50%. The
lower the IC;, value the greater the antioxidant action. The ICy, values
of the alcoholic extracts, as well as those of the standards are shown in
Table 4.

ICj results of different parts of C. humilis methanolic extracts and standards fable
Specification IC D[P PH 11 ABTS 1 FRAP 1
50 [hg mL7] ICyp [ng mL+] EC; [ng mL]

Fibers 4.15+0.029 68.87+3.09¢ 448.27+8.73¢
Barks 3.95+0.71¢ 41.82+2.47b 292.52+6.89°
Roots 1.99+0.02¢ 37.65:0.66° 279.61+4.90°
Palm heart 36.94+0.9° 485.6+12.03¢ 2315+10¢
Leaves 7.015+0.66¢ 98.03+2.47¢ 599.94+7.564
Ascorbic acid 1.91+0.04¢ - 45.8 £1.9¢
Trolox 2.96+0.8% 30.86+0.04P -

Data are presented as the mean of triplicates + SEM, with numbers followed by similar letters in
the same column not different with P < 0.05

Methanolic extracts of C. humilis fibers, bark, roots, leaves and heart
of palm reduce free radicals with respective IC;, ranging from 1.99 to
36.94 ug mL! for DPPH and from 4.24 to 64.02 ug mL! for the cationic
radical ABTS. The values follow the same order of predominance of the
different parts studied. In addition, the roots have a very high activity
which is practically similar to that of ascorbic acid which brings stability
to DPPH with an ICy of 1.91+0.04 pg mL-L, this part has an IC5, equal
to 1.99+0.02 pg mL! which is in part low compared to that of trolox
2.96+0.8 pg mLl. Similarly for the neutralization of ABTS, the roots
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and barks retains the same ICy, order of 37.65+0.66 ng mLl, and
41.82+2.47 ng mL-1, respectively. These values do not have a significant
difference with that of the trolox which has an ICy, of 30.86+0.04 ug mL1,
followed by fibers, which also have a remarkable value equal to
68.87+3.09 pg mL1L.

Roots and barks have a capacity practically close to the reduction of fer-
ric ions to ferrous ions with an ECy, of 279.61+4.90 and 292.52+6.89 ng mLL,
respectively, then the fibers and finally the leaves which show a statisti-
cally significant difference, the latter two parts have a mean reduction
compared to the others, but not the heart of the palm. According to these
results, it is proven that ascorbic acid remains the most effective reducing
agent with an ECj, of 45.8+1.9 pg mL! compared to the methanolic
extracts of the different parts of C. humilis studied.

The results of the three antioxidant tests carried out show that the
underground part has the best antioxidant activity, and the primary roots
(the part which gathers the fibers, the barks and the heart of the stipe) are
the most effectively used with low concentrations.

The polyphenols contained in the extracts obtained are probably
responsible for the antioxidant activity. It can be noted that all the parts
keep their order of predominance, the primary root has the highest levels
of secondary metabolites, and this reflects the fact that it has the lowest
IC5, followed by bark, fibers and leaves. Nevertheless, the heart of the
palm is the part that contains the lowest levels of active ingredients,
reflecting its low reducing activity.

The results of the IC5, of the methanolic extract of the leaves show
good antioxidant activity for DPPH, ABTS and FRAP with ICy, of
346.08+12.63 ug mL1, 593.23+9.80 pmol TE g1 and 434.34+13.71 umol TE
gl extract, respectively, compared to the standard using BHT with an
IC5( value of 462.24+0.03 pg mL! (GONCALVES et al. 2018).

The Antioxidant activity of C. humilis from leaves collected in Algeria,
has already been tested by BENAHMED (2013). The 1Cy results reported
ICj of about 180.71+6.6 pg mL1in a DPPH test, comparing to the ascor-
bic acid 159.5+4.81 pg mL 1.

Correlation Matrix

Table 5 shows the Pearson correlation, which allows us to analyze the
relationship between the different variables tested in this study. Thus,
Table 6 shows the p-values of the coefficients of the correlation matrix
between all the variables. Based on the results obtained in the Table 5 and
Table 6, we observed a significant positive correlation (p-value < 0.05)
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between TFC and TPC (r2 = 0.898). In addition, a highly significant positive
correlation (p-value < 0.05) was detected between TPC and DPPH
(r2=10.987), TPC and ABTS (2= 0.956), and FRAP (2= 0.936), respectively.
This indicates that the phenolic content of our extracts contributes to its
ability to donate electrons to hydrogen. This reflects that the antioxidant

capacity of our samples can be attributed to the existence of total phenols.

Table 5

Coefficient of the Pearson correlation matrix between the variables: TFC, TTC, TPC, ABTS,
DPPH and FRAP of the different parts of C. humilis

. (1/1C5) (1/1C5¢) (1/1Cs¢)
Variables TPC TFC TTC to DPPH to ABTS to FRAP
TPC 1 — - — — _
TFC 0.898 1 — - — _
TTC 0.740 0.559 1 - — _

(1/1Cxp)
to DPPH 0.987 0.899 0.699 1 — _
(1/1C5p)
to ABTS 0.956 0.839 0.856 0.905 1 -
(1/1C5p)
to FRAP 0.936 0.837 0.877 0.883 0.997 1
Values in bold in Table 5 have a significant correlation at the level: alpha = 0.05
Table 6
p-values of the correlation matrix coefficient between all variables
. (1/1Cxp) (1/1Cx) (1/1Cx)
Variables TPC TFC TTC to DPPH to ABTS to FRAP
TPC 0 - — - — _
TFC 0.038 0 — - - _
TTC 0.153 0.327 0 - - _
(1/1Cx)
to DPPH 0.002 0.038 0.189 0 - _
(1/1C5p)
to ABTS 0.011 0.075 0.064 0.034 0 -
(1/1C4p)
to FRAP 0.019 0.077 0.051 0.047 0.000 0

Values in bold in Table 6 have a significant correlation at the level: alpha = 0.05

The positive linear correlation between the phenolic content and the
antiradical capacity has also been reported by several authors (GUETTAF
et al. 2016, AMRI et al. 2015). There was also a significant (p < 0.05) posi-
tive correlation between TFC and DPPH (r2 = 0.899). However, tannins do
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not contribute much to the antioxidant activities tested; hence, its correla-
tion coefficients are relatively low. Contrary to polyphenols and flavonoids
which contribute strongly to this bioactivity. Therefore, these strong cor-
relations indicate that the bioactive agents, which contribute to the iron-re-
ducing power by FRAP, are themselves the source of the free radical scav-
enging power by DPPH and ABTS assays. Furthermore, the correlation
matrix showed a strong correlation between the three antioxidant tests,
between DPPH and ABTS (2 = 0.905), and between DPPH and FRAP
(r2=0.883), and between FRAP and ABTS (2= 0.997) with (p-value < 0.05).
The positive correlation between the three antioxidant tests is hard to the
strong presence of total phenols, the results found are very promising, and
this allows us to say that our samples, as well as our chosen plant can be
considered from the best natural antioxidants.

Principal Component Analysis (PCA)

The results of polyphenol, flavonoid, and tannin contents, and the
antioxidant activity DPPH, ABTS and FRAP are considered as variables.
They are projected by PCA on the F1-F2 factorial planes (Figure 1).

variables (axes F1 and F2 : 97.06%)
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Fig. 1. Correlation circles between all variables

The first major component F1 explains 88.46% of the total information and
the second major component F2 presents 8.60%. The cumulative percent-
age of the first two major components being 97.06 %, its linear combina-
tion represents the variables, as it is greater than 50%. Therefore, the first
two axes are appropriate to explain the information as a whole. Figure 1
shows the plane formed by the F1 and F2 axes, which gives the correlation
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between the variables. The F1 and F2 axes consist mainly of the positive
correlation between TTC, TFC, TPC, and between DPPH, ABTS and FRAP
tests.

The theoretical data in Figure 2 show the existence of three groups.
The first group is formed by an extract called roots, which is characterized
by the highest contents of total polyphenols and flavonoids, as well as
by its very high antioxidant efficiency by DPPH, ABTS and FRAP.
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Fig. 2. Correlation variables-parts (GI — group I; GII — group II; GIII — group III)

The second group consists of bark, fiber and leaves, which are character-
ized by a higher TTC value. In addition, they have average levels of TPC
and TFC. Likewise, their antiradical activities (DPPH, ABTS and FRAP)
are close to those of the first group. It is also observed that the roots have
an average TTC content. The rest of the studied part (heart palm) belongs
to the 3 group, which is far from the other two groups, reflecting that the
heart palm has very low contents of the studied secondary metabolites
compared to the other parts. Thus, their tested inhibitory actions are also
low.

The analysis of the data by PCA, showed the presence of a very high
positive correlation, between phenolic compounds and antioxidant activity
by DPPH, ABTS and FRAP. This showed that in our extracts, the bioac-
tive compounds, which provide the free radical scavenging activity, as well
as the reduction of ferric ions to ferrous ions, by DPPH, ABTS and FRAP
tests, respectively.
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Hierarchical clustering analysis (HCA)

According to HCA, the extracts were grouped by Euclidean squared
method and Wards method to identify the (dis)similarity measure. The
HCA was used to evaluate the correlation between the extracts, as well as
to present the similarities of the 5 tested samples based on the data of
bioactive agent contents and antioxidant activity, as shown in the dendro-
gram in Figure 3. According to the bioactive molecules, the 5 extracts were
classified into three clusters.
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Fig. 3. Dendrogram of the extracts tested founded by HCA, using on bioactive and their
antioxidant capacities (GI — cluster I; GII — cluster II; GIII — cluster III)

Cluster I, contains a single extract of the roots, and which represented
20% of the total extracts. This extract had the highest value of TPC, TFC,
and TTC reached about: 151.09+2.83 mg GAE g1 E, 50.81+2.5 mg QE g'1 E,
and 7.83+0.35 mg CE g'! E, respectively. This allows it to be characterized
by a strong antioxidant power by DPPH, ABTS and FRAP tests.

Cluster II, is formed by 3 extracts named respectively leaves, fibers,
and barks, representing 60% of the total extracts, characterized by
a medium mean values of TPC, TFC, and TTC (see Table 3), as well as by
an average antioxidant capacity compared to that of cluster I.
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Cluster III contained an extract, called palm heart, representing 20%
of the total extracts, characterized by low values of secondary metabolites,
TPC (79.12+2.17 mg GAE g'! extract), and TFC (19.35+1.56 mg QE g1
extract), respectively. As well as lower antioxidant power. These results
are consistent with the data obtained by PCA, in which the distribution of
all extracts on the score plot indicates an identical trend.

Conclusion

Phytochemical tests performed on the five parts reveal the existence of
interesting chemical families: tannins, flavonoids, saponins, coumarins
and terpenes. The quantitative analyses carried out show that the metha-
nolic extracts of the roots, barks, fibers and leaves of C. humilis are rich in
phenols, flavonoids and tannins. Given the results obtained in this study,
it can be concluded that the three methods used can quantify the antioxi-
dant activity of the 5 part of the plant species, this activity can be attrib-
uted to the high existence of phenolic compounds. The results of the vari-
ous tests carried out are promising for a possible valorization of C. humilis
as a bioresource in the therapeutic field.
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Abstract

Heavy metals are of particular concern due to their toxicity and bio-accumulation ability in
benthic organisms like aquatic crabs. This study analysed heavy metal concentrations in
sediment and in species of mangrove crab, Sesarma huzardii, from Abule-Agege and Abule-Eledu
Creeks by Atomic Absorption Spectrophotometry. The physico-chemical parameters (temperature,
transparency, pH, conductivity, salinity and dissolved oxygen) of both creeks were not
significantly different (P > 0.05). However, significantly higher concentrations of copper
(5.08+0.08 mg kg'1), iron (75.36+0.13 mg kg'!) and zinc (14.5+0.11 mg kg'!) were recorded in the
sediment of Abule Agege Creek. All examined heavy metals were found in crab samples in
varying and sometimes very low but measurable concentrations (except for nickel in Abule-Agege
Creek). Bio-sediment accumulation factor (BSAF) of chromium (0.50) was the same in S. huzardii
collected from both creeks. At the same time, the BSAFs of all other heavy metals were
significantly different. The mangrove Crab, S. huzardii can be used for environmental monitoring
largely because of its heavy metal bioaccumulation potential as a benthic organism.

Introduction

Mangrove ecosystems are found along tropical and subtropical coast-
lines all over the world, and they serve as nurseries for a range of marine
vertebrate and invertebrate species (SANNI et al. 2020). The species of the
mangrove crab (Sesarmidae) are amphibious and can be found around
intertidal areas with moist/wet muddier regions of the mangrove. They
live beneath drift and high tide mark in the estuaries and lagoons.
Although these species does not really constitute a food item for the coastal
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communities, they however play a major ecological role in the mangrove
ecosystem where they help to clean up the mangrove areas by its feeding
habits on the fallen leaves (ONADEKO et al. 2015, MORUF and OJETAYO
2017). The species, Sesarma huzardii cohabiting with other mangrove
crabs such as Goniopsis pelli and Uca tangeri have been found in swamps
of the Lagos Lagoon, distributed up to the tidal limit in the lagoon (MORUF
and LAWAL-ARE 2018, LAWAL-ARE et al. 2019a, MORUF 2020).

Over the years, several studies have emphasized the enormous threats
posed to ecological receptors within the Lagos Lagoon and the adjacent
creeks (USESE et al. 2018, LAWAL-ARE et al. 2021). About 2000 medium
and large-scale industries in Lagos State discharge untreated effluents
directly or indirectly into the Lagos Lagoon (UABOI-EGBENNI et al. 2010).
The Ogun River carries wastes from the hinterland and discharges into
the Lagoon. The effluents from Agbara Industrial Estate also drain into
Lagos Lagoon through discharge into Ologe Lagoon, which is linked to
Lagos Lagoon through Badagry creek (UABOI-EGBENNT et al. 2010). These
contaminants have detrimental effects by accumulating in bottom sedi-
ments of the mangrove environment and altering its natural status (BAK-
SHI et al. 2018, MORUF et al. 2021).

Aquatic organisms bioaccumulate contaminants such as heavy metals
in minute amounts over time, and then get concentrated higher up the
food chain (biomagnification). Accumulation of heavy metals begins when
the organisms are faced with high concentrations in the surrounding
medium; according to MORUF and AKINJOGUNLA (2019), body levels of
non-essential metals such as cadmium and lead were not found to be reg-
ulated by crustaceans. With respect to Lagos Lagoon, information exists
on the occurrence of heavy metals in the muscle tissue and shells of gas-
tropod molluscs (MORUF and AKINJOGUNLA 2018), levels of oxidative stress
markers in the mangrove oyster (USESE et al. 2019), and crab responses to
environmental stressors (LAWAL-ARE et al. 2019b). However, comparative
data are scarce on heavy metal accumulation in the tissues of mangrove
crabs from different creeks adjacent to the Lagos Lagoon. Therefore, this
study aimed to investigate and compare metal bioaccumulation in the vis-
ceral of the mangrove crab, S. huzardii from two estuarine creeks, Abule-
Agege and Abule-Eledu, adjacent to the Lagos Lagoon in Lagos, Nigeria.
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Materials and Methods

Study site

Two sites with different levels of anthropogenic influences were
selected on the coast of Lagos: Abule-Agege and Abule-Eledu Creeks. They
form part of the many sluggish tidal creeks that drain into the Lagos
Lagoon. Five different study sites (600 m? each) located along each creek
were surveyed (Figure 1). Each sample location was georeferenced with
a Magellan Sport Track global positioning system (GPS) with accuracy of
a metre. Abule—Agege Creek is located on Latitude 6°30'53"N and Longi-
tude 3°24’44"E while Abule-Eledu Creek is located on Latitude 6°31'20"N
and longitude 3°23'95"E. The creeks are shallow (< 1m) and meander
through a mangrove swamp inundated at high tide and partially exposed
at low tide (EMMANUEL and OGUNWENMO 2010, MORUF et al. 2018).
The sources of pollution to the sampling stations include solid waste,
household waste and refuse dumping.
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Fig. 1. Map shoWing the study area (red dots indicating the study site)

Collection of samples

A monthly collection of samples was carried out from January to June
2019. Water and surface sediment (at a depth of 2 cm) were collected using
bottles with glass stoppers (250 ml reagent bottles and 1,500 ml polypro-
pylene plastic containers) and 0.05 m? Eckman Grab, respectively. Five
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representative water and sediment samples from each of the five sampling
sites from both creeks were taken. A total of 158 adult specimens of
S. huzardii (80 from AA Creek and 78 from AE Creek) were hand-picked
using protective rubber gloves. All samples were transported in a cooling
box to the laboratory immediately after collection. The examined crab
samples ranged in carapace length between 1.8 cm and 5.5 cm, while
weight was between 4.8 g and 34.4 g.

Water quality analysis

Water samples were analyzed for physico-chemical parameters using
the methods recommended by APHA (2005). The temperature was mea-
sured in-situ using a mercury-in-glass thermometer, and readings were
taken to the nearest 0.1°C. In addition, salinity, pH, dissolved oxygen, and
conductivity were measured using a refractometer (Model No: RHS-10),
pH meter (Model: HI 2210), Lutron DO meter (Model: DO 5519), and con-
ductivity meter (Model: EC 215), respectively.

Heavy metal analysis

Tiny stones were carefully removed from each bulk sediment sample
and oven dried to constant weight at 105°C. Each of the dried bulk samples
was crushed separately with a clean pestle and mortar to homogenize it.
Approximately 5 g of sediment was weighed into a crucible and heated to
carefully burn the sample. A muffle furnace was used to heat the residue
at 550°C for complete oxidizing of carbon content (about 1 h). A few drops
of Aqua-regia were used to dissolve the residues, followed by dilution with
water. The resulting mixture was then filtered, rinsed thoroughly, and the
filtrate was made up to the 100 ml mark in a standard (volumetric) flask.
The resulting solution from the digestion was then analyzed with Atomic
Absorption Spectrophotometer (AAS) Perkin Elmer Analyst 200 using
air-acetylene flame.

The muscle tissue of the crab samples was oven dried to constant
weight at 105°C. The dried samples from each station were ground into
a fine powder with a pestle and mortar, placed in bottles, and labeled. One
gram of homogenized sample was digested with 8 mL HNOj and 2 mL
H,0, using a four-step digestion program in a microwave digestion system
(MARSXpress, CEM, USA), performed according to the procedure of Turk-
men and Ciminli (2007). After calibration, samples were analyzed for chro-
mium, copper, iron, lead, nickel, manganese, and zinc by atomic absorp-
tion spectrophotometer.
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Bio-sediment accumulation factor (BSAF), which is the ratio of the
metal concentration in crab tissue to the metal concentrations in sediment
(DEFOREST et al. 2007) was also calculated as:

heavy metal concentration in crab

BSAF =

heavy metal convcentration in sediment

Data analysis

Normality of data was tested using the Kolmogorove-Smirnov Test
(a=0.05). Homogeneity of variance was tested using Levine’s test. Differ-
ences between mean concentrations in samples from the two different
sampling locations were tested using T-test (o = 0.05). Statistical analyses
were performed with Microsoft Excel and Statistical Package for Social
Sciences (SPSS) version 12.0.1.

Results

Physico-chemical variables of two estuarine creeks

The data obtained for physico-chemical parameters at Abule-Agege
and Abule-Eledu Creeks from January to June 2019 are represented in
Table 1. There was slight variability in the mean parameter values
obtained at the study zones. More so, all the investigated parameters were
not statistically significant (p > 0.05) between both creeks. Abule-Agege
Creek was higher in mean values of air temperature (29.90+0.01°C), water
temperature (29.00+0.30°C), transparency (34.10+4.50 cm), conductivity
(12470.68+112.10 ps cm'l), salinity (8.60+7.10 ppt) and dissolved oxygen
(2.90+£0.01 mg L'1). At Abule-Eledu Creek, the pH values (at 25°C) revealed
that the water was slightly alkaline, with a range of 7.03-8.30. The mean
value of dissolved oxygen was generally low, with a range varying between
3.60 mg L and 4.20 mg L1 across zones.
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Table 1
Mean (+SE) and range (in bracket) of physico-chemical parameters of two estuarine creeks
in Lagos, Nigeria

Parameter Abule-Agege Creek | Abule-Eledu Creek | P-value (P < 0.05)*
Air temperature [°C] (227?'292(201'%1()) (227? il()2—i30(;f)098) 0.30
Water temperature [*C] (227?6000—205200) (2%;%4(1)8;%.%?3) 0.24
Transparency [cm] 34.10+4.50 33.90+5.20 0.92
(28.98-39.80) (27.90-36.50)
pl at 25°C (T10-830 (Ton-8.20 032
Conductivity 8 eml) | o141 30% 1o020) | (123450-0540.30 032
Salinty [ppt, at 25°C 601370 | Gaotia 034
Dissolved oxygen [mg 1] (3%'705_04'0210) é:ggii:g; 0.25

Heavy metal concentration in sediment
of two estuarine creeks

Table 2 shows the concentration of heavy metals (chromium, copper,
iron, lead, nickel, manganese and zinc) in sediment samples collec-
ted from the intertidal zone of Abule-Agege and Abule-Eledu Creeks.

Concentration of heavy metals (mean+SE) in sediment samples from two estuarine crei?{t;le ?
in Nigeria
Heavy metals [mg kg'l] | Abule-Agege Creek Abule-Eledu Creek P-value (P < 0.05)*
Chromium 0.04+0.01 0.06+0.03 0.18
Copper 5.08+0.08 1.41+0.05 0.04*
Iron 75.36+0.13 36.58+0.11 0.01*
Lead 0.03+0.01 0.01+0.01 0.09
Nickel 0.01+0.05 0.02+0.02 0.00*
Manganese 1.64+0.01 0.67+0.05 0.08
Zinc 14.5+0.11 7.8+0.15 0.03*

Higher concentrations [mg kg'!] of copper (5.08+0.08), iron (75.36+0.13),
lead (0.03+£0.01), manganese (1.64+0.01) and zinc (14.5+0.11) were found
at Abule-Agege Creek while higher mean values of chromium (0.06+0.03)
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and nickel (0.02+0.02) was observed at Abule-Eledu Creek. The signifi-
cantly higher concentration of copper, iron, and zinc at Abule-Agege Creek
implies that anthropogenic contribution to the heavy metal loads was
clearly noticed in sediments.

Heavy metal concentration in visceral samples
of Sesarma huzarddii

Table 3 shows the concentrations of heavy metals [mg kg!] in the vis-
ceral of the mangrove crab (S. huzardii) collected from Abule-Agege and
Abule-Eledu Creeks. With the exception of chromium (0.02+0.05 mg kg'1),
non-significant (p > 0.05) higher mean values of heavy metals were found in
S. huzardii collected from Abule-Agege Creek, for copper (3.27+0.08 mg kg'1),
lead (0.02+0.01 mg kgl), manganese (0.84+0.01 mg kgl) and zinc
(5.06+0.18 mg kg'!). Nickel was not detected in the crab samples from
Abule-Agege Creek, but the mean value of 0.01+0.05 mg kg'! was mea-
sured in the crab samples from Abule-Eledu Creek. However, a signifi-
cantly higher concentration of iron (36.46+0.16 mg kg'!) was detected in
crab samples from Abule-Agege Creek.

Table 3
Concentration of heavy metals (mean+SE) in visceral samples of Sesarma huzardii
from two estuarine creeks in Nigeria

Heavy metals [mg kg'!] Abule-Agege Creek Abule-Eledu Creek P-value (P < 0.05)*
Chromium 0.02+0.05 0.03+0.03 0.21
Copper 3.27+0.08 1.33+0.05 0.07
Iron 36.46+0.16 10.41+0.09 0.00*
Lead 0.02+0.01 0.01+0.01 0.12
Nickel ND 0.01+0.05 0.00*
Manganese 0.84+0.01 0.5+0.01 0.07
Zinc 5.06+0.18 4.07+0.15 0.13

ND — not detected

Bio-sediment accumulation factor of heavy metals
in S. huzardii

The bio-sediment accumulation factor (BSAF) of heavy metals in
S. huzardii can be seen in Figure 2. Except for nickel (in Abule-Agege
Creek), all examined heavy metals were observed to bio-accumulate in
measurable concentrations in sampled crabs across the creeks. Confirm-
ing the clue from the standard deviation error bars (no overlapping), ¢-test
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was used to draw a conclusion. BSAF of chromium (0.50) was found to be
the same in S. huzardii from both creeks, while the BSAFs of all other
heavy metals were significantly different (P < 0.05). Except for BSAF of
iron, all other BSAFs were higher in crabs collected from Abule-Eledu
Creek.

1.2
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0.6
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B Abule-Agege Creek O Abule-Eledu Creek

Fig. 2. Bio-sediment accumulation factor of Sesarma huzardii from two estuarine creeks

Discussion

The variations among the investigated physico-chemical parameters
of both creeks were not statistically significant (P > 0.05). However, most
of the investigated parameters were slightly higher in Abule-Agege Creek.
The temperature range was within the tropical climate range of < 40°C for
coastal waters as stated by FMENYV (2001). The decrease or increase in
water temperature depends mainly on the climatic conditions sampling
times, sunshine hours and affected by specific characteristics of water
environment such as turbidity, wind force, plant cover and humidity
(AHMED et al. 2017, LAWAL-ARE et al. 2021). A similar observation was
reported by ADEJUMOBI et al. (2019) for Makoko Creek in Lagos, Nigeria.
Water temperature is easily influenced by turbidity, vegetation cover, run-
off, inflows, and heat exchange with the air (OBOH and AGBALA 2017).

In this study, high transparency values confirm the known phenome-



Metallic Bioaccumulation in Sesarma huzardii (Decapoda: Sesarmidae)... 279

non that transparency and rainfall are inversely related to the region, as
stated by LAWAL-ARE et al. (2019c). Furthermore, the creeks exhibited the
usual alkaline properties and correspond with EMMANUEL and OGUN-
WENMO (2010), who reported pH values ranging between 7.30 and 9.20.
This alkaline pH may be due to the buffering effects of the seawater. Con-
ductivity and salinity have been previously reported as associated factors
in the tidal creeks of Lagos Lagoon (ONYEMA et al. 2010). These parame-
ters are similar in this study for both creeks. To a large extent, these vari-
ations in conductivity and salinity could be attributed to the effect of tidal
seawater incursion and freshwater input from adjoining creeks and land
as expected during the dry season (ONYEMA et al. 2010). According to LAW-
AL-ARE et al. (2010), salinity is an environmental barrier in the distribu-
tion of crabs. The lower values of dissolved oxygen recorded at Abule-Eledu
Creek could be attributable to the consumption of the dissolved oxygen by
aerobic microorganisms which biodegrade the organic wastes. Similar
observations were reported by NKWOJI (2016) at Iddo, Ogudu and Agboiyi
Creeks of Lagos Lagoon.

Heavy metals are of particular concern due to their toxicity and ability
to be bio-accumulated in benthic organisms (MORUF and DUROJAIYE 2020).
Sediment has been known to be the major depository of metals, holding
more than 99 percent of the total amount of metal present in the aquatic
system (ADERINOLA et al. 2009). The result from this present study
revealed measurable concentrations of heavy metal in the sediment of
Abule-Eledu Creek. At the same time, nickel was not detected in the sedi-
ment of Abule-Agege Creek. Higher concentrations of all the heavy metals
(except chromium) were recorded in the sediment of Abule-Agege Creek
than in the sediment of Abule-Eledu Creek, which in turn reflected on the
bioaccumulation level in the mangrove crabs. Amongst all the metals ana-
lyzed, iron was observed to have the highest value. This was in agreement
with the study of ONWUTEAKA et al. (2015), where the level of iron was the
highest metal contamination in both water and sediment of the brackish
water creek system of the Niger Delta. UABOI-EGBENNI et al. (2010) also
reported iron with the highest heavy metal concentrations in Lagos
Lagoon.

The present study examined heavy metals accumulated in the sam-
pled crab, S. huzardii, to varying degrees. Lead > copper > manganese >
chromium > iron > zinc > nickel were the heavy metal bio-accumulation
patterns discovered in crabs from Abule-Agege Creek, in decreasing order.
Heavy metal bioaccumulation patterns in crabs from Abule-Eledu Creek,
on the other hand, followed a decreasing order of lead > copper > manga-
nese > zinc > nickel/chromium > iron. This pattern is similar to that
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reported by MORUF and AKINJOGUNLA (2019) on heavy metal accumula-
tion in Farfantepenaeus notialis from two interconnecting brackish/fresh-
water lagoons in Lagos, Nigeria.

The heavy metals’ bio-sediment accumulation factors (BSAF) showed
that the crab visceral accumulated all the investigated heavy metals
(except nickel in Abule-Agege Creek) in varying concentrations with lead
as the highest, while iron was recorded as the lowest accumulated heavy
metals in Abule-Eledu Creek. The BSAFs of the heavy metals (except
chromium) were significantly different in crabs collected from both creeks.
The heavy metal concentrations in the mangrove crab, S. huzardii may be
attributed to the bio-magnification of metals in the biota. In contrast, the
higher concentrations of metals in sediment may be attributed to met-
al-contaminated phytoplanktons that die and are deposited in the sedi-
ment.

Conclusion

The physico-chemical parameters estimated in this study did not sig-
nificantly (P > 0.05) change across both Abule-Agege and Abule-Eledu
Creeks, suggesting similar regional geological zone. It was found that the
concentration of copper, iron and zinc were significantly (P < 0.05) higher
in the sediment of Abule-Agege Creek than that of Abule-Eledu Creek.
Except for nickel in Abule-Agege Creek, all examined heavy metals were
observed to bio-accumulate in measurable concentrations in sampled crabs
across the creeks. The mangrove crab, Sesarma huzardii can be used for
environmental monitoring, largely because of its heavy metal bioaccumu-
lation potential as a benthic organism.
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Abstract

This article touches upon the morphological and growth characteristics of the gasteroid
mushroom Clathrus archeri from the IBK Mushroom Culture Collection (Ukraine). For fungus
identification in vitro, the micromorphological properties of vegetative mycelium have been
specified by light and scanning electron microscopy. The presence and structure of crystals,
vesicular cells, septum swelling, and mycelial cords have been described. Experimental data on
fungi growth rate were obtained on five agar nutrient media at different temperatures ranging
from 4°C to 28°C. The temperature of 26°C has been determined as optimal for mycelium
incubation, and 39°C — as critical for culture viability. The morphological characteristics of the
fungi on various agar media have been reported. According to the radial growth rate within
0.1-2.9 mm/day, the investigated species belongs to the slow-growing fungi. Nutrient media such
as wort agar and compost agar have appeared to be the most favorable for the vegetative growth
of C. archeri mycelium.

Introduction

The studies on various aspects of biology and systematics of macromy-
cetes traditionally involve the macroscopic and microscopic characteristics
of fruit bodies for species identification. At the same in modern in vitro
experimental studies; macromycetes at the vegetative stage of develop-
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ment. Unfortunately, gasteroid saprotrophic macromycetes are studied
insufficiently in vitro. It is due to the difficulties associated with pure cul-
ture 1solation and deposition. The crucial criteria used for taxon character-
ization at the vegetative stage of development and culture identification
remain ambiguous. One such inadequately investigated species at the veg-
etative stage of development is Clathrus archeri (Berk.) Dring (1980),
(synonyms: Anthurus archeri (Berk.) E. Fisch., Anthurus sepioides
McAlpine, Aserophallus archeri (Berk.) Kuntze, Lysurus archeri Berk,
Pseudocolus archeri (Berk.) Lloyd, Schizmaturus archeri (Berk.) Locq.).
Due to the unusual appearance of the fruit bodies, Clathrus archeri has
several common names, such as “devil’s fingers”, “octopus stinkhorn”, and
“squidward mushroom”. According to the Dictionary of Fungi, the Clath-
rus genus (Phallaceae, Phallales) comprises 16 species (SPECIES FUNGO-
RUM 2021, Catalogue of life 2021) mainly found in subtropical and tropical
regions. C. archeri undergoes two phases in the sporomic stage: a myco-
egg phase and a receptacle phase (PIETRAS et al. 2016). This species is
a saprotrophic gasteroid fungus belonging to ephemeral macromycetes
with primary subtropical and tropical distribution. The fungi occur mainly
in the southern hemisphere regions — in New Zealand, Australia, Tasma-
nia, South America, Southern, and Eastern Africa, Mauritius, St Elena
Islands (DRING 1980). The first findings of this species are dated back to
1914 in Europe on the territory of France. It is believed that the mycelium
and spores of C. archeri may have been transferred from Australia and
New Zealand to Europe with military fodder or wool for the textile indus-
try (DRING 1980, ZYKOVA 2007). The following findings of the fungi were
described on the territory of northeastern France in the 1920s—1930s
(PARENT et al. 2000). Over the next few decades, C. archeri began spread-
ing rapidly throughout Europe (from Spain to Scandinavia). The mecha-
nism of that fast spread across Europe is not fully understood. Neverthe-
less, some scientists report on the specific odor of mature fruit bodies of
fungus that attracts insects that spread the spores over a considerable dis-
tance (KRIEGLSTEINER 1992, JOHNSON and JURGENS 2010). In Ukraine,
C. archeri was first registered in August 1977 near Onokovtsi village located
in Uzhorod district of Zakarpattia region (HELUTA and ZYKOVA 2018). After
that, there were no reports on new findings of this fungus in Ukraine.
Given the low frequency of C. archeri occurrence, the third edition of the
Red Data Book of Ukraine listed it as an endangered species with a dis-
junctive range (DUDKA 2009). In recent years, however, researchers have
begun to record the mass formation of C. archeri fruit bodies in the anthro-
pogenically modified Carpathian plant associations and adjacent areas.
There are detailed literature reviews on this species spreading in Europe
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and Ukraine presented in the publications by Ukrainian mycologists
(ZYKOVA 2007, HELUTA and ZYKOVA 2018). The vast majority of the pub-
lished works are devoted to the systematics, ecology, distribution, and con-
servation status of this species in nature (ARORA et al. 1982, STENGL-
REJTHAR and WOJEWODA 1985, HOSAKA et al. 2006, ZYKOVA 2007,
DESPREZ-LOUSTAU 2009, BIRSAN et al. 2014, STEBEL 2015, PIETRAS et al.
2016, HELUTA and ZYKOVA 2018, MATUS et al. 2018). However, the biolog-
ical features of this fungus in vitro are almost unknown. According to the
World Federation of Cultural Collections (WFCC), five strains of this spe-
cies are maintained in the following official collections: Filamentous fungi
and Yeast Collection in the Netherlands, Belgian Coordinated Collection
of Microorganism (BCCM), Culture Collection of Basidiomycetes (CCBAS)
of Institute of Microbiology in the Czech Republic, Culture Collection of
Basidiomycetes of the Komarov Botanical Institute (LE BIN), All-Russian
Collection of Microorganisms (WKM) both in Russian Federation, Interna-
tional Collection of Microorganisms from Plants ICMP) in New Zealand.
Dikaryotic strain C. archeri 2405, isolated from mycological material,
gathered on the territory of Ukraine, is deposited in the IBK mushroom
culture collection of M.G. Kholodny Institute of Botany, NAS of Ukraine
(LOMBERG et al. 2015, BISKO et al. 2018). Given the limited knowledge of
the cultural and morphological characteristics of C. archeri, our work
aimed to determine the morphological and growth properties of the strain
C. archeri 2405 on solid growth media of different compositions and to find
out the optimal conditions for its deposition in the culture collection.

Materials and Methods

Pure culture isolation

The object of the study was C. archeri 2405 from the Collection of pile-
ate fungi (IBK) (BISKO et al. 2021). Mycological material for C. archeri
pure culture isolation was gathered during the expedition to Hutsulsh-
chyna National Nature Park (15tF October 2015). Young fungal fruits of
C. archeri (in myco-egg phase) were collected in the Ivano-Frankivsk
region, in the Shtefantsi mountain area located in Babyn village, Kosiv
district, Hutsulshchyna National Nature Park (meadows, grazing).
48°16’02.4” N, 25°02’38.3” E.

Mycelial culture of C. archeri was obtained from the young fruit body
of the fungi (Figure 1). In this development stage (myco-egg phase) fungal
fruits have pear- or egg-like forms, are surrounded by a slime layer, and
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are covered with white dense peridium. The inoculum (pieces of gleba) was
placed in the plates with wort agar (WA) media using sterile lancet. The
inoculated plates were incubated at 25°C in a thermostat. Nutrient media
were supplemented with penicillin (200 IU/ml) for bacterial growth inhibi-
tion.

Fig. 1. Clathrus archeri — the source of the strain IBK 2405
Source: photo by M.O. Zykova

The plates were incubated in the thermostat until the appearance of
the colonies with a well-developed mycelium. The pure culture of fungi
was maintained in the test tubes with WA media for culture deposition
and follow-up studies. The absence of foreign microflora, morphological
properties of colonies and vegetative mycelium were controlled visually
and using a microscope.

Cultural and morphological investigations

For further characterization, cultures were inoculated onto different
agar media with a pH adjusted to 6.0 in Petri dishes (diameter 90 mm,
20 mL per dish): malt extract agar MEA, Merck, Germany); potato dextrose
agar (PDA, DIFCO, USA); wort agar (8°Balling) (WA), wort agar supple-
mented with wheat straw (1%) (WAS), and glucose-peptone-yeast-agar
(GPYA) consisted of (g/l): glucose — 25.0; peptone — 5.0; yeast extract — 3.0;
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KH,PO, -1.0; K,HPO, — 1.0; MgSO, — 0.25; agar-agar — 20.0. Compost
agar (CA) was prepared according to the method described by PRYDIUK
and LOMBERG (2021). For CA, GPYA, WA, and WAS media preparation we
gently mixed 1 L liquid and 20 g agar. All media were sterilized by auto-
claving at 121°C for 30 min.

Surface cultivation was conducted at temperatures of 4+0.1, 18+0.1,
22+0.1, 26+0.1, and 28+0.1°C. Culture viability was checked by incubation
on WA medium at 30-40°C in increments of 1+0.1°C. The presence or
absence of mycelium growth was checked after ten days of incubation. The
survival or viability loss of culture mycelium was examined by further
cultivation at 26+0.1°C.

Growth rate and morphology study

The inoculum was prepared by cultivating C. archeri IBK 2405 myce-
lium on WA in darkness at 26°C for 14 days. 5 mm agar plugs were cut out
from the actively growing part of a colony using a cork borer and placed
into a center of the Petri dishes with a fresh medium (three cultures per
isolate). The growth parameters of mycelia were analyzed weekly for up to
a month according to a previously described method (LOMBERG and
SOLOMKO 2012). The average radial growth rate (Gg) of mycelial colonies
was determined by the formula:

Gg (mm/day) = (Ry — R)/(Ty — T),

where R, and R, were the radii of the colonies (in mm) on the day of the beginning of
growth (T) and the day of the last measurement of growth (75).

Microscopic investigations

Micro- and marcomorphological characteristics of the mycelium were
examined on the 4-weeks old colonies by means of Stalpers scales (STALP-
ERS 1978). Macromorphological features included a description of colony
type, color and density, mycelium odor, the color of the reversum and the
presence or absence of concentric circles. Micromorphological properties
involved a description of hyphae system features, and occurrence of clamps
and anamorphs on the mycelium. Microstructures of the vegetative myce-
lium of C. archeri were observed using optical microscope MBI-15 (Russia)
and scanning electron microscope JSM-6060 LA 4 nm (JEOL, Japan)
according to the modified method by Quattlebaum E. and Carner G.
(BUCHALO et al. 2009).
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Statistical analysis

The statistical analysis of obtained results was performed by standard
methods using Student t-criteria by means of Microsoft Excel software
and StatSoft Statistica 6.0. The values of standard deviations (SD), coeffi-
cients of variation, confidence intervals were calculated. Experimental
data were expressed from quintuple measurements as mean + SD. The
values at P < 0.05 were considered significant.

Results and Discussion

Cultural and morphological examination of C. archeri IBK 2405 on
standard agar growth media of different compositions — WA, MEA, PDA,
GPYA, CA showed the variability of the morphological features of mycelial
colonies depending on the compounds of the nutrient medium. On WA,
PDA, CA media the strain formed dense colonies with numerous radial
silky cords, white-colored at the early stage of growth, and pink shaded
over time, with the zones of high tangled hyphae. The colony rim was
uneven and raised over the substrate, the reverse matched the color of the
substrate (Figure 2a). On GPYA medium the culture formed dense, vel-
vety colonies with a noticeable concentric zonal sequence and a few short
aerial hyphae along the rim of the colony. The mycelium acquired
a pink-cream color with age, the rim was uneven and raised, the reversum
matched the color of the substrate (Figure 2b).

The least cultivatable media for C. archeri IBK 2405 was MEA with
very slow growth observed. Even on the 30th day of cultivation, the diam-
eter of the colony did not exceed 20 mm. The culture formed white, dense,
woolly colonies that acquired pink color with age, and had drops of exudate
appeared. The colony rim was uneven, the reversum matched the sub-
strate color (Figure 2c).

Fig. 2. Myecelial colonies of Clathrus archeri IBK 2405 on solid media: a — WA; b — GPYA;
¢ — MEA at incubation temperature 26+0.1°C (30th day of cultivation)
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We have examined the effect of various incubation temperatures on
the radial growth rate and the morphology of the colonies of C. archeri
2405. The optimum temperature for growth was 26°C (Table 1). Based on
the results of a study of C. archeri 2405 growth on agar growth media of
different compositions, C. archeri 2405 can be attributed to the group of
slowly growing fungi evidenced by its radial growth rate (Table 1).

Table 1
Radial growth rate (Gg, mm/day) of vegetative mycelium of Clathrus archeri IBK 2405 on agar
nutrient media at different incubation temperature

Incubation temperature Gg, mm/day on different agar nutrient media
['Cl WA MEA GPYA PDA CA
18+0.1 2.240.1 0.1+0.2 1.1+0.2 0.5+0.2 2.4+0.2
22+0.1 2.440.1 0.340.1 1.3+0.1 0.8+0.1 2.5+0.2
26+0.1 2.6+0.1 0.4+0.2 1.8+0.2 1.1+£0.2 2.9+0.1
28+0.1 2.5+0.2 0.1+0.2 1.4+0.1 1.0+0.1 2.6+0.2

The effects of critical temperatures on the viability of C. archeri 2405
were investigated. For culture viability examination, the strain was incu-
bated on CA medium at 30-40°C in increments of 1°C. After the third day
of incubation, the presence or absence of mycelium growth was taken into
account. The survival or viability loss of the plant mycelium was tested by
the following incubation at 26+0.1°C. The critical temperature for
C. archeri 2405 strain was 39+0.1°C.

Using SEM, we have obtained new data on the micromorphology of
C. archeri in vitro. Vegetative mycelium consists mainly of thin-walled,
moderately branched, regularly separated, unvarnished generative hyphae
with a diameter of (2.94)3.81-4.63(5.17) pm (Figures 3-5).

Based on literature sources, the red and orange colors of fungal mature
fruit bodies are imparted by the presence of carotenes, for the most part,
lycopene, and f-carotene. While f-carotene is peculiar to Phallaceae spe-
cies Mutinus caninus, M. ravenelii, and M. elegans, lycopene is present in
the closely related fungus C. archeri (FIASSON and PETERSEN 1973).

According to M. Nobles (NOBLES 1971), the strains of the same species
may vary in the texture and color of mycelial colonies. More stable taxo-
nomic features are micromorphological properties of the hyphae system,
growth rate, optimal growth temperature. As revealed by literature data,
both the composition of the growth media and the incubation temperature
has a strong impact on the culture growth rate (LOMBERG and SOLOMKO
2012). Information about the growth characteristics of C. archeri on agar
media is available only in the article by PASAILIUK et al. (2018). Fungi
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Fig. 3. Clathrus archeri IBK 2405: (a—c) vesicular cells (X 40); ¢ — cells with oil droplets inside
(X 40); d — crystals on hyphae; hyphae with irregular swelling in septum (SEM x 2200)
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mycelium develops under natural and artificial conditions exclusively
within a certain temperature range. The identification of this substantial
environmental factor is needed to provide the optimal condition for the
cultivation and deposition of fungi cultures. The effect of temperature on
the growth and development of C. archeri has been studied fragmentarily.
The majority of the published material on this topic is devoted to the
observations of the appearance and development of C. archeri fruit bodies
in the wild.

Fig. 4. Clathrus archeri IBK 2405: a—e — crystals on hyphae; a, b — septa without clamp cells

This species characterizes by the formation of rounded large vesicular
cell of width (7.32)12.96-14.95(16.48) and length (19.26)25.49-27.74(30.92)
pm. We observed large vacuoles and oil droplets in the middle of these
cells (Figure 3). The presence of such cells was previously reported for
Phallus impudicus L., Ph. hadrianii, Lycoperdon perlatum Pers. (BUCHALO
et al. 2009, DYAKOV et al. 2010, BUKO et al. 2019). One of the most requi-
site taxonomic features when identifying basidium macromycetes in the
culture is the presence of clamps, formed on the hyphae of the dikaryotic
mycelium of many members of this group of fungi (STALPERS 1978,
BUCHALO et al. 2009). Different species feature specific differences in the
position of the clamps on the hyphae, their location frequency, shape, size,
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etc. (BUCHALO et al. 2009). However, in our study, we haven’t observed any
clamps formation in C. archeri IBK 2405. There was mainly clampless
vegetative mycelium (Fig. 5). According to the reports, clamps are not also
present in species of the genus Armillaria, Lycoperdon perlatum Pers.,
L. pyriforme Schaeff.

d / p P 3 = v
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Fig. 5. Micromorphological structures in Clathrus archeri IBK 2405: a — clampless mycelia;
b — anastomose and a septum inside the collapsed hypha

The morphological markings of secretory activity such as secretory
hyphae and crystal deposition were observed in C. archeri IBK 2405 cul-
ture on the 20t day of cultivation. Numerous plate-like calcium oxalate
crystals formed on the surface of hyphae, collected in bundles and resem-
bled a flower (Figures 3, 4). In vitro crystal formation is described for fungi
of different environmental groups (ARNOTT 1995, AROCENA et al. 2001,
BUCHALO et al. 2009, TUASON and AROCENA 2009, BADALYAN and BOR-
HANI 2019). The density of the crystals on the surface of hyphae may vary.
They grow inside the cell and exit it perpendicularly or at an angle to its
surface. As a rule, the formed crystals remain on the surface of the cell
wall and are rarely removed from it. As a result of hyphae lysis, crystals
can occur in the environment. Some researchers suggest that the inlay of
calcium oxalate in hyphae provides a hydrophobic protective layer on the
surface of the fungus hyphae. It reduces the propensity of the hyphae
when exposed to various microorganisms (SNETSELAAR and WHITHNEY
1990, ARNOTT 1995). In a natural environment, the ability of fungi to form
calcium oxalate crystals on the surface of the hyphae and secrete them
into the substrate affects the biochemical processes in soils (GADD et al.
2014). Mycelium acts as a place for calcium pooling, thereby changing the
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pH of the soil and the availability of phosphorus for plants (CROMACK et al.
1979, TUASON and AROCENA 2009). Based on the experimental data, it was
concluded that oxalic acid dominates among other organic acids secreted
by fungi in natural biogeocenoses. Oxalic acid performs different func-
tions. Its geochemical value consists of metal cations binding and second-
ary mineral formation, as well as the dissolution of certain minerals and
the conversion of some elements into forms accessible to fungi and plants.
The acid can inhibit the growth of other microorganisms in the communi-
ties and can be a factor in allelopathy. The secretion of oxalic acid (the
strongest organic acid) causes a rapid acidification of the external environ-
ment that may activate acidic hydrolases in the cell walls of plants, con-
tributing to their destruction and penetration of fungi into plant tissues
(FRANCESCHI and LOEWUS 1995, TUASON and AROCENA 2009). In addition,
oxalic acid secreted by mycorrhizal fungi contributes to the establishment
of a trophic relationship between plant roots and fungi hyphae.

Culture collections should ensure the security of intact biomaterial
storage, relevant characterization, and information support of samples in
modern databases. That is why the priority task of the macromycetes cul-
ture collections is the preservation of fungi strains in vitro, namely to sup-
port their purity, genetic stability, viability, and biological activity (PEARCE
et al. 2020). In world culture collections, various nutrient media are used
for maintaining macromycetes in an active physiological state. According
to reports, C. archeri strains are stored in the collections on standard
nutrient media, such as WA (WKM, LE BIN), MEA (CCBAS), PDA, and
Norkrans modified media (BCCM). When selecting the composition of the
nutrient medium, we took into account the ecological suitability of
C. archeri to natural substrates. In nature, the mass fruiting of C. archeri
1s associated with disturbed ecosystems that have noticeable anthropo-
genic impacts (tree felling, roads, grazing of livestock, landfills, etc.), are
rich in organics — wood chips, sawdust, branches, leaves, dry grass, dead
wood, and presumably have a high degree of substrate nitrification
(HELUTA and ZYKOVA 2018). For this reason, we propose to use simultane-
ously three nutrient media for the storage of C. archeri strains: wart agar
(WA), compost agar (CA), wart agar supplemented with wheat straw (1%)
(WAS). CA and WAS have been successfully used in IBK for the storage
and cultivation of Agaricus bisporus (JE Lange) Imbach, Lepista nuda
(Bull.) Cooke, Macrolepiota procera (Scop.) Singer, Phallus impudicus L.,
Lycoperdon perlatum which like C. archeri belong to the environmental
group of saprotrophic macromycetes.

In recent times, there were a few reports on the possibility of repeated
reproduction of Anthurus archeri in the territory of the Hutsulshchyna
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National Nature Park by applying the re-situ methodology (PASAILIUK et
al. 2018). As a result of renaturalization actions, started in 2012, the
annual fruiting of the fungus was obtained at the three mycological-repro-
ductive sites. However, given that C. archeri is a species belonging to the
alien mycobiota that aggressively exploits natural and man-made phyto-
cenosis, its active spread constitutes a threat to natural phytocenosis. This
species intensively inhabits azotized, affected areas: landfills, fellings,
where its density reaches more than 10 copies per 100 mZ2. The species
occurs near settlements, avoiding natural cenosis, which indicates the
signs of its adventisation. With this in mind, any introduction of these
macromycetes into the ecosystems of Ukraine is wrong. From the stand-
point of Ukrainian mycologists (HELUTA and ZYKOVA 2018), it is necessary
to give up the idea of enriching the biodiversity of botanical gardens, den-
drological parks, and other objects of the natural preservation fund with
the macromycetes, including invasive ones. It is due to the fact that such
contamination of mycobiota in Ukraine may become hazardous, resulting
in unexpectedly severe and uncontrollable consequences. Considering the
significant occurrence frequencyof this species in natural plant forma-
tions, C. archeri should be excluded from the Red Data Book of Ukraine as
an alien and invasive species (HELUTA and ZYKOVA 2018).

Conclusions

The paper addresses the data on the growth and the morphology
of C. archeri IBK 2405 culture on agar nutrient media of various composi-
tions at different incubation temperatures. According to the growth rate,
the strain belongs to the group of slow-growing fungi. The critical tem-
perature for the viability of C. archeri IBK 2405 mycelium is 39+0.1°C.

The key micromorphological features of C. archeri IBK 2405 vegeta-
tive mycelium have been examined in vitro by means of scanning electron
microscopy (SEM). This species is distinguished by a formation of round-
ish vesicular cells with large vacuoles and droplets of o1l inside, along with
numerous crystals.

The defined micro- and macromorphological properties of mycelium on
the specific media and culture growth rate can be regarded as additional
taxonomical characteristics of C. archeri at the vegetative stage of devel-
opment. With ecological and biological peculiarities of C. archeri in mind,
we have selected the composition of agar nutrient media for strain cultiva-
tion and preservation in the proper physiological state in vitro.
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The specified biological characteristics are essential for establishing
reliable means of pure culture maintenance in an artificial environment.
It will contribute not only to the protection and genetic conservation of the
fungi but their practical application as well.
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Abstract

This study evaluated the dynamic state of aquatic macrophytes in Eleyele Lake. Sampling
was done temporally and spatially over a period of twenty-four months, covering two wet and dry
seasons, in five hydrological zones (Z1-7Z5) representative of the lake. Macrophytes composition
was evaluated with point transect method, while data obtained were analysed using descriptive
statistics. The results reveal that there were fourteen species of macrophytes present during
rainy season, in contrast to seven species recorded during dry season. The value of aquatic
macrophytes community index (AMCI) was higher in wet season (42) than dry season (33),
although Z2, Z3 and Z4 had highest AMCI value (37). Also, results shows that the lake has
moderate capacity to tolerate disturbances, low vegetative quality with increasing macrophytes
coverage and decreasing open water area. Therefore, Eleyele Lake can be regarded as having
diverse aquatic macrophytes population, although the biological quality is moderately poor.

Introduction

Aquatic macrophytes play a major important role in community struc-
turing of aquatic ecosystem. It is an indicator of pollution in water quality
(CROSS and MCINERNY 2006, OYEDEJI et al. 2013) Macrophytes have pos-
itive effects on water clarity (BOYD 1968, PETER 2000, SHEKEDE et al.
2008). These effects include provision of habitat for plant-associated mac-
ro-invertebrates and refuge for cladocerans, both of which graze on phyto-
plankton and epiphytes. In lakes and reservoirs, the tropic interaction can
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be altered through extensive growth of aquatic plants. The population of
fish that feed directly on planktonic algae could be negatively affected by
dense macrophytes coverage. While aquatic macrophyte represents an
important habitat for fish, excessive proliferations of these macrophytes
reduce fish catch and productivity (PETER 2000).

Human activities have beneficial and adverse effects on aquatic mac-
rophytes community. The upsurge in urban population and the production
of house-hold products have resulted in increased production of household
waste materials (OLADELE et al. 2018). The proximity of man to aquatic
environments has made water bodies susceptible to various types of wastes
from anthropogenic activities (OLADELE et al. 2019). Also the need to
increase production of food due to increase in population growth has led to
higher rate of production and use of agrochemicals (TETSURO et al. 2005).
Influxes of domestic, industrial and agricultural wastes have been rising
in both terrestrial and aquatic environments. When deposited in inland
waters, such water body becomes a sink for an array of substances ranging
from sewages, surface run-off, agrochemicals to industrial effluents (ARO-
WOMOLE 1997, ADEWUYI et al. 2010, JENYO-ONI and OLADELE 2016,
OLADELE et al. 2019). Direct channelling of domestic, agro and industrial
wastes to inland water bodies enhances macrophytes proliferation
(MUSTAPHA 2010). Wastes are sources of nutrients and pollutants, hence,
it elevates the problem of waste disposal (OLADELE et al. 2018).

In Nigeria, a country where environmental safety procedures are not
firmly enforced, macrophytes proliferation in inland water bodies causes
waterways blockage, limited navigation through water, reduction in fish-
ing area and fishing gear entangling and spoilage (OLOWU et al. 2010,
MUSTAPHA 2010). All of these lead to reduction in the daily income of
fisher folks. One of such inland waters facing the menace of macrophytes
proliferation is Eleyele Lake, a freshwater lake located in South-western
part of Nigeria. The operational activities of the various establishments
around the lake expose it to surface run-offs and make it a destination for
erosion and overland water flows. Such inflows do contain wastes from
domestic, agricultural and industrial sources. "Hence, the need to assess
the dynamic variation of the macrophytes in the lake becomes pertinent
considering its socio-economic roles. Therefore, this study evaluated the
dynamic state of aquatic macrophytes of Eleyele Lake in time and space.
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Materials and Methods

Study area

The study was carried out in Eleyele Lake, an artificial lake located in
Oyo State, Southwestern part of Nigeria. The Lake was built by the Water
Corporation of the Old Western Region of Nigeria in 1939 (JEJE et al.
1997). Eleyele environ is surrounded by households, agricultural farm set-
tlements, cassava-processing industries, small-scale industries such as
block industry and palm kernel oil processing industry, worship centres
and many others. The lake was built on River Ona, with a pool storing
capability of 29.5 million litres. The dam is situated alongside Eleyele wet-
land in the North-eastern area of Ibadan city, precisely in Ido Local Gov-
ernment Area of Oyo State. The lake is located within longitude N07°25’00”
and NO7°27'00" and latitude E03°50'00" and E03°53"00" with a water sur-
face area of about 162 ha.

Sampling techniques

Sampling was done based on time and space stratification over
a period of 24 months. Time stratification covers two wet (May—Nov) and
dry (Dec—April) seasons, based on the rainfall pattern of the environment
(MUSTAPHA 2010, KAREEM 2016). Space stratification was done in line
with the methods of AJANI (2001) and SUNDAY and JENYO-ONI (2018).
Based on hydrological features, the lake was divided into five zones namely
Oluseyi, Apapa-ijokodo, Oniyere, Dam and Igunle-ero, which were desig-
nated as zones 1 to 5 respectively. Three sampling points were randomly
located in each zone. Using GPS, sampling sites coordinates were deter-
mined in each of the sampling stations. The coordinates of the sampling
sites were presented in Table 1.

Table 1
Morphometric features of the selected stations in Eleyele Lake
(Sampling Stations/ Design)
Maximum Elevati
Zone Station Co-ordinates depth evation
[m]
[m]

A — Oluseyi 07°25'32.1"N 03°51'52.4"E 6.02 180
71 B — Agbaje 07°25'54.1"N 03°51'61.3"E 7.50 181
C — Babalegba 07°25'41.2"N 03°51"80.2"E 5.31 180
A — Apapa-ijokodo 07°25'47.2"N 03°51"60.4"E 5.80 181
72 B — Apete 07°25’59.5"N 03°51°64.3"E 6.83 180
C — Elewure 07°25'88.4”N 03°51'88.8"E 6.00 182
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cont. Table 1

A - Oteru 07°25'64.2"N 03°51°43.1"E 6.41 181

73 B — Idi-osan 07°25'69.7°N 03°51'54.4"E 5.60 181

C — Oniyere 07°25'95.7°’N 03°51'36.6"E 6.10 181

A —Dam 07°25'71.3"N 03°51'32.5"E 10.40 180

74 B - Spillway 07°25'82.5"N 03°51'44.9"E 11.51 180

C — Ologuneru 07°25'72.1"N 03°51'54.2"E 9.71 181

A — Adedokun 07°25'52.3"N 03°51'75.1"E 9.45 179

75 B — Igunleero 07°25'63.4”N 03°51'81.5"E 8.91 177

C — Fisheries 07°25'37.7°N 03°51'54.9"E 6.50 177
Sampling method

Aquatic macrophytes composition was evaluated with point transect
method using a rake-based technique of collection (THOMAZ et al. 2009).
Lake survey was done from a boat moving at slow speed through all the
five zones. Hook was attached to a calibrated rope of 5 m and fixed with the
rake. This was tossed parallel to the side of the transect which was paral-
lel to the shore at a depth of 0.25, 0.5 and 1 metre. The rake was released
into the water, and then dragged to recover the macrophytes. The rake
was tossed four times in each of the three (3) sampling points which gave
a total of twelve tosses in each zone (RICK McVOY 1991, SUNDAY and
JENYO-ONI 2018). Each time the rake was retrieved from the water, the
number of occurrence of the macrophytes was recorded and the samples
were kept in labelled polyethylene bags lined with aluminium foil, previ-
ously cleaned and treated with 5% nitric acid and rinsed with distilled
water for further analysis (ACHIONYE-NZEH and ISIMATKATIYE 2010). Mac-
rophytes identification was done with JOHNSON (1997), AKOBUNDU and
AGYAKWA (1998) and AYENI et al. (1999).

Data analysis

The data generated from collected samples were analysed temporally
and spatially using analytical tools such as Frequency of Occurrence,
Aquatic Macrophyte Community Index (AMCI) and Floristic Quality Index
(FQI). SPSS statistical package was used for descriptive and inferential
analyses. Biodiversity indices such as Simpson’s dominance, Shannon
index (H'), Equitability (J) and Margalef index (R) were computed and
data were analysed with the use of ‘PAST’ software package (HAMMER et
al. 2001). In order to determine the nutrient components, the proximate
composition and nutrients present in the macrophytes identified were car-
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ried out using standard techniques of AOAC (2000). Nutrients analysed
for were sodium, magnesium, calcium, potassium and phosphate. Second-
ary data were also obtained from GIS UNIT, Geography Department, Uni-
versity of Ibadan to show the variation in aquatic macrophytes cover over
the period of ten year (2007-2016).

Analytical Techniques for Determining Macrophytes
Dynamics

Frequency of occurrence

The frequency occurrence was calculated by recording the number of
times each macrophyte was present in each station each time the rake was
tossed. The monthly proportion [%] of all the species, the concentration
and area concealed were calculated by means of frequency of occurrence.

Aquatic macrophytes community index (AMCI)

To calculate the AMCI, seven (7) parameters were used to categorise
plant communities and these parameters were given range value of 1-10.
They are: Maximum depth of the plant growth, Littoral area vegetated,
Simpson’s diversity index, Relative frequency of submerged species, and
Relative frequency of sensitive species, Taxa number, and Relative fre-
quency of exotic species (NICHOLS et al. 2000)

Floristic quality assessment (FQA)

This method, developed by WILHELM Gerould in 1970, was used to
determine the vegetative integrity area based on its plant community.

Biodiversity indices for assessing macrophytes dynamics

Various indices used include Simpson’s Index, Shannon Wiener index,
Equitability index and Margalef’s richness index.

Simpson’s index

These involve the richness and percentage (proportion) of individual
macrophyte species. It takes into account the frequency of occurrence (i.e.
abundance) of a particular macrophyte species in a zone and also the total
number of species observed in all zones (SIMPSON 1949).
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Shannon Wiener index

This index evaluates the richness and proportion of macrochyte pres-
ent in each zone (SHANNON and WIENER 1949).

Equitability index (J)

The evenness with which individual macrophyte were divided among
the taxa present were recorded. Shannon diversity is divided by the loga-
rithm of number of taxa.

Margalef’s richness index

Margalef index (d) (MARGALEF 1951) was enhanced to determine the
species richness.

Results

The morphometric features of the selected stations with the use of
GPS are shown in Table 1. The coordinates and sampling sites in each of
the zones were presented.

The temporal distribution of aquatic macrophytes in Eleyele Lake is
presented in Table 2. As shown in the table, there were fourteen species
of macrophytes present, out of which Poaceae family has 3 species;
Onagraceae has 2 species while the other families have one species each.
During the wet season, all the fourteen species of macrophytes which
belong to eleven families were present. However, only seven species were
present during the dry season.

Table 2
Temporal variation of aquatic macrophytes in Eleyele Lake
Scientific name Family Dry season Wet season
Polygonum salicifolium Brouss. ex Willd. Polygonaceae - XXX
Pistia stratiotes Linn. Araceae XXX XXX
Cyperus rotundus Linn. Cyperaceae - XXX
Luffa cylindrica (Linn.) M.J. Roem Cucurbitaceae - XXX
Sacciolepis Africana Hubb & Snowden Poaceae - XXX
Acroceras zizanioides (Dandy) Poaceae - XXX
Leptochloa caerulescens Steud. Poaceae X XXX
Ludwigia abyssinica A. Rich. Onagraceae - XXX
Ludwigia decurrens Walter Onagraceae X XXX
Ipomoea aquatica Forssk. Convolvulaceae XXX XXX
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cont. Table 2

Ceratophyllum demersum Linn. Ceratophyllaceae - XXX
Nephrolepis bisserrata (Sw.) Schott Pteridophyta X XXX
Nymphaea lotus Linn. Nymphaeaceae XXX XXX
Costus afer Ker-Gauel. Costaceae X XXX

Explanations: x — present; xxx — abundant;

--- —not present

Table 3 shows the frequency of occurrence of aquatic macrophytes in
Eleyele Lake. In each zone, varying number of occurrence was obtained for
each of the macrophytes from which the percentage occurrence was calcu-
lated. The macrophytes with the highest percentage frequency observed
during the study was Ipomoea aquatica with 14.06% occurrence, with per-
centage relative frequency of 76.67%, while Cyperus rotundus had the the
least occurrence (4.30%) and percentage relative frequency (23.33%).

Table 3
Frequency of occurrence of aquatic macrophytes in Eleyele Lake

Species 71 72 73 74 7Z5 | TNO | %FO | Rel. %
Polygonum salicifolium Brouss. 0 6 7 3 0 91 6.49 35.00
ex Willd.
Pistia stratiotes Linn. 6 8 7 8 5 34 10.40 | 56.67
Cyperus rotundus Linn. 0 5 5 4 0 14 4.30 23.33
Luffa cylindrica (Linn.) 0 7 5 7 0 19 5.81 31.67
M.J. Roem
Sacciolepis Africana
Hubb & Snowden 0 6 4 5 0 15 4.59 25.00
Acroceras zizanioides 0 7 5 6 0 18 5.50 30.00
(Dandy)
Nephrolepis bisserrata (Sw.)
Leptochloa caerulescens Steud. ? 4 6 5 3 23 7.03 38.33
Ludwigia abyssinica A. Rich. 0 6 5 6 0 17 5.19 28.33
Ludwigia decurrens 5 3 6 4 1 19 5.81 3167
Walter
Ipomoea aquatica Forssk. 8 10 9 10 9 46 14.06 76.67
Ceratophyllum demersum Linn. 0 6 7 8 0 21 6.42 35.00
Nephrolepis bisserrata (Sw.) 7 4 9 3 6 929 6.73 36.67
Schott
Nymphaea lotus Linn. 3 10 8 5 3 29 8.87 48.33
Costus afer Ker-Gauel. 3 8 10 5 3 29 8.87 33.30
Total — — — — — 327 100 —

Explanations: Z-Zone; TNO — total number observed; FO — frequency of occurrence; Rel. % — Re-

lative percentage
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The Aquatic Macrophyte Community Index (AMCI) in Eleyele Lake,
based on time and space, is presented in Tables 4 and 5. As evident
in Table 4, the AMCI value was higher in wet season (42) than dry season
(33). This is obvious from the higher values of the variables obtained
during the wet season. As presented in Table 5, the least AMCI value
(30) was recorded in zone 1 while zones 2, 3 and 4 had the highest AMCI
value (37).

Temporal variation of aquatic macrophyte community index (AMCI) in Eleyele Lakr(le‘able !
Category Dry Value Wet Value
Maximum depth of plant growth(m) 2.7 3 3.5 6
*Littoral area vegetated [%] >50 10 100 10
Submerge species (Rel %) 0 1 35 2
Simpson’s diversity 0.81 1 0.90 1
Taxa number 7 3 14 7
Sensitive species 7 5 13 6
Exotic species 0 10 0 10
AMCI - 33 - 42

*From a plant ‘perspective’ 100% of the littoral zone vegetated is the best

Table 5
Spatial variation of aquatic macrophyte community index (AMCI) in Eleyele Lake
Categories 7Z1 |Value| Z2 |Value| Z3 value 74 | Value | Z5 | Value
Maximum 2.2 3 2.5 3 2.7 3 3.2 5 2.4 3
depth of plant ’ ’ ’ ’ ’
Littoral area | 7 | =50 | 10 [ =50 | 10 | 40 8 45 9
vegetated
Simpson’s 0.9 1 |08 | 1 |08 | 1 |09 | 1 |09 | 1
Diversity
Taxa number 8 3 13 6 12 6 11 5 7 3
Submerge 0 1 25 1 20 1 35 2 0 1
species
Exotic species 0 10 0 10 0 10 0 10 0 10
Sensitive 8 5 13 6 12 6 11 6 6 5
Species
AMCI - 30 - 37 - 37 - 37 - 33
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Floristic Quality Assessment (FQA)

Using the method of WILHEM (1970) as reported by WILHEM (1977),
with an ‘MC’ of 4.29 and ‘n’ value of 14, the FQA of Eleyele lake was calcu-
lated to be 16.05. Ranking of Mean C-value ranges from low (most distur-
bance tolerant) with an MC of 2.0 to a high (least disturbance tolerant) of
9.5. Based on this ranking, the result of this study reveals that Eleyele
Lake, with an MC of 4.29, has the capacity to tolerate disturbances mod-
erately. Similarly, using the FQA rating of WILHEM and RERICH (2017)
which reported that FQA value of 1-19 indicates low vegetative quality,
20-35 indicates high vegetative while FQA of above 35 indicates ‘Natural
area’ quality, the result of this study shows that Eleleye Lake is of low
vegetative quality.

Proximate and nutrient compositions of the macrophytes collected
during the study are presented in Table 6. Having analysed all the sam-
pled macrophytes, the highest moisture content (23.15+3.39%) was
obtained in Ipomoea aquatica while the lowest (12.85+1.26%) was obtained
in Polygonum salicifolium. Polygonum salicifolium has the maximum
crude protein mean value of 7.00+0.63% while Ceratophyllum demersum
has the minimum mean crude protein content (1.46+0.07%). Table 6 also
shows that the nutrient elements had varying values among the macro-
phytes. The highest and lowest levels of the nutrient elements are distrib-
uted among the macrophytes.

The values of diversity indices in each zone, in space and time are pre-
sented in Tables 7 and 8 respectively. Table 7 shows that Simpson’s index
ranges from 0.89 to 0.90, Shannon-Weiner index ranges from 2.35 to 2.40,
Margalef index ranges from 1.91 to 2.14 while equitability index ranges
from 0.94 to 0.97. Also, the table shows that the index values of the zones
are relatively close to each other. It is evident in Table 8 that all the indi-
ces had higher values during the wet season than the dry season.
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Table 7
Spatial diversity indices of macrophytes composition
Diversity index Zone 1 Zone 2 Zone 3 Zone 4 Zone 5
Simpson 1-D 0.90 0.89 0.89 0.90 0.90
Shannon-H 2.40 2.35 2.35 2.36 2.36
Margalef 2.14 2.02 1.92 1.91 2.03
Equitability 0.97 0.95 0.94 0.95 0.95
Table 8

Temporal diversity indices of aquatic macrophytes

Diversity index Wet season Dry season
Simpson 1-D 0.90 0.81
Shannon-H 2.41 1.70
Margalef 1.60 0.88
Equitability 0.97 0.95

Table 9 present the variation in the spatial distribution of macro-
phytes and water in Eleyele Lake. Over the years under consideration
(secondary data, Source: GIS UNIT, Geography Department, University of
Ibadan, Nigeria), Table 9 shows that there was increase in the macro-
phytes coverage of the water body coupled with decreasing area of macro-
phytes turning to water. The table also shows that there were fluctuations
in the area of water to turning to macrophytes while open water area
reduced. The pictorial representation of Table 9 is presented in Figures 1,
2 and 3 respectively.

Table 9
Percentage change in spatial distribution of macrophytes of Eleyele Lake between 2007
and 2016
Aquatic Macrophytes 2007-2012 | 2012-2014 | 2014-2016 DF DF DF
dynamics Change [%]?| change [%]B | change [%]C | (B-A) (C-B) | (C-A)
Macrophytes 23.13 32.60 48.06 9.47 | 1546 | 24.93
to macrophytes
Macrophytes to water 14.62 8.49 3.36 -6.13 -5.03 -11.26
Water to macrophytes 15.56 20.07 8.54 4.51 -11.53 -7.02
Water to water 46.69 38.84 39.94 -7.86 1.11 -6.75
Total 100 99.99 100 -0.01 0.01 -0.1

Explanation: DF — difference
Source: GIS Unit, Geography Department, University of Ibadan
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Discussion

The composition of aquatic macrophytes identified in Eleyele lake
shows that the lake has diverse aquatic plant population. Inflow of nutri-
ent rich eroded water, which is capable of increasing the nutrient level of
the water body may have played important role in the diversity observed
among the macrophytes. According to the findings of PANKHURST (2005),
LUND (2017), SUNDAY (2019), nutrient availability in fresh water bodies
enhances aquatic macrophytes proliferation. The effect of wind and tidal
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action on macrophytes movement may have aided the distribution of
plants in various parts of the lake. Macrophytes diversity observed in this
study 1is relatively lower when compared with the findings of DELPHINE et
al. (2015). In their report, DELPHINE et al. (2015) identified a total of 38
and 46 species of aquatic macrophytes in Gyawana and Kiri lakes, respec-
tively. These freshwater lakes, however, are located in Adamawa State,
North-eastern Nigeria. Several factors may be responsible for this varia-
tion, among which is the water volume, nutrient content, interaction
among plant species, anthropogenic activities in and around the lake,
among others (CONNORS et al. 2000, DAR et al. 2014, SUNDAY 2019). Also,
differences in physiological characteristics of macrophytes, in addition to
the effect of nutrient inflow and tidal action, may have supported the pro-
liferation of some macrophytes over others (VERMAAT and DE BRUYNE
1993, PANKHURST 2005). This is evident in the relatively higher frequency
of occurrence displayed by Ipomoea aquatica in the lake when compared
with other macrophytes.

Temporally, the aquatic macrophyte community index (AMCI) in
Eleyele Lake reflects the importance of seasonality on macrophytes popu-
lation. Water addition to the lake from rainfall, erosion and the lake’s
feeding rivers was higher during raining season. This led to increase in
water volume which in turn provides greater space for macrophytes growth
(KUMAR and PANDIT 2008). The incursion of nutrient elements from these
inflows provide higher nutrient base for macrophytes proliferation during
the wet season. Therefore, it is not unexpected that zones 2, 3 and 4 (Apa-
pa-ijjokodo, Oniyere and Dam respectively) had the highest AMCI values
among other locations. This is so because these three (3) zones are bor-
dered with agricultural farms, industrial and residential establishments,
whose wastes and effluents are deposited in the lake. Such wastes have
been reported to contain nutrient elements (SUNDAY and JENYO-ONI 2018,
SUNDAY 2019), thereby enhancing greater macrophytes proliferation in
those zones.

However, human disturbance in form of macrophytes clearing is
largely responsible for the low AMCI recorded in zone 1 (Oluseyi), since
the zone is utilized for anthropogenic activities such as washing, bathing,
swimming and navigation. Despite that the AMCI values obtained in this
study showed that Eleyele Lake was moderately poor in biological quality,
this finding is in agreement with the set limit by WEBER et al. (1995). The
need for space for domestic water use, fishing and navigation has made
constant clearing of macrophytes in Eleyele Lake a continuous activity.
This could be responsible for the low vegetative quality of macrophytes
recorded in the lake. The role of herbivorous fishes inhabiting the lake in
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reducing macrophytes vegetative quality cannot be overruled. According
to the findings of CONNORS et al. (2000), herbivorous activities of aquatic
vertebrates and invertebrates and plant interaction among other factors
affect the composition and distribution of aquatic vegetation in freshwater
lakes.

The availability of aquatic plants as source of food has been reported
as one of the factors that enhances growth and reproduction of herbivorous
fish species, especially the cichlids MUSTAPHA (2010), EDWARD (2013),
OLOPADE and RUFAI (2014). The dominance of this fish species in Eleyele
Lake may have played significant roles in altering the value of FQA
recorded during this study. The low FQA also buttresses the primary pur-
pose of constructing the lake, which is for the provision of potable water to
Ibadan metropolis, thereby attaching little or no importance to the macro-
phytes composition and diversity.

Proximate composition of the aquatic plants reveals that the plants
have relatively high moisture and crude fibre contents while other proxi-
mate parameters were low. This finding is in agreement with the submis-
sion of BOYD (1968) and HAZRA et al. (2018) which stated that variation in
mineral composition of aquatic plants depends on plant type and age as
well as the nutrient content available in the water body. However, the
crude protein content observed in the aquatic plants analysed falls within
the crude protein range established by the findings of BOYD (1968). All the
aquatic plants were rich in minerals elements, at levels similar to the find-
ings of BANERJEE and MATAI (1990).

This study also reveals that there were increases in the macrophytes
coverage of the water body coupled with decreasing area of macrophytes
turning to water. This may be attributed to inflow of nutrients into the
water body (ROSSET et al. 2010, ALAHUHTA 2011, DAR et al. 2014, SUNDAY
2019). This finding was also buttressed by the fact that there were fluctu-
ations in the area of water turning to macrophytes while open water area
reduced. The decrease in the area of water distribution observed in this
study may lead to reduction or loss of fish habitats. According to the sub-
missions of TIJANT et al. (2011), reduction in the water area has negative
impact on the catchment/shoreline area, in addition to degradation or loss
of habitat. This finding also supports the findings of SUNDAY (2019) which
stated that reduced water area in Eleyele Lake affects water navigation,
reduced the recreational activities and restricted the fishing area for the
fishermen. These factors reduce fish catch and adversely affect daily
income of the fisher folk fishing the lake. Increase in macrophytes prolifer-
ation reduces the rate at which light penetrates the water column which
in turn affects the water transparency.
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Conclusion

Fourteen species of aquatic macrophytes were identified in Eleyele
Lake, out of which Poaceae family has 3 species; Onagraceae has 2 species
while the other families have one species each. Therefore, the lake can be
referred to as having a diverse aquatic macrophytes population. Water
inflow from feeder streams, nutrient addition from point and non-point
sources as well as tidal action must have played important roles in enhanc-
ing macrophytes population over the years. However, the lake’s macro-
phytes diversity is relatively low when compared with those of other fresh-
water lakes in Nigeria. The relative low diversity recorded during this
study could be attributed to the effects of different activities on water like
domestic water use, fishing, navigation and other anthropogenic activities.
Among the macrophytes present, the condition of the water body must
have supported greater proliferation of Ipomoea aquatica, as evident in
the relatively higher frequency of occurrence displayed by the plant.

In Eleyele Lake, AMClI reveals that the rainy season supported greater
macrophytes performance while Apapa-ijokodo, Oniyere and Dam zone
had higher AMCI spatially when compared with other zones. The proxim-
ity of these zones to human interference and nutrient inflow may have
accounted for the species richness observed in those zones. Despite the
AMCI values obtained in this study, Eleyele Lake was moderately poor in
biological quality when compared with standard rating. This may have
resulted from continuous macrophytes clearing and herbivorous feeding
by aquatic vertebrates and invertebrates inhabiting the water body. The
low FQA value obtained in this study also corroborate the poor biological
quality rating of the lake. This study also reveals that there were increases
in the macrophytes coverage of the water body. This is buttressed by the
decreasing area of macrophytes turning to water as well as declining open
water area. In addition to reduction or loss of fish habitats, continuous
macrophytes coverage of the lake will hinder such activities as domestic
water use, fishing and navigation. Therefore, there is the need for regular
monitoring of macrophytes proliferation on the Lake in order to ensure
sustainable use of the water resources.

Accepted for print 27.10.2021
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Abstract

Fish mucus is known for its antimicrobial activities offering protection to fishes from
environmental pathogenic attack. This study evaluates the antibacterial potentials of bacteria
isolated from fish mucus of Chrysichthys nigrodigitatus and Solea solea on four clinical isolates:
Escherichia coli, Bacillus subtilis, Staphylococcus aureus and Aeromonas hydrophila using the
spot-on-lawn method and modified disc diffusion method. Susceptibility pattern of fish mucus
bacterial isolates was determined using disc diffusion method. Klebsiella pneumoniae, Salmonella
typhi, Proteus mirabilis, Citrobacter freundii and Shigella sonnei were the isolates from the fish
mucus varieties. Using spot-on-lawn assay, Proteus mirabilis exhibited the highest antibacterial
activities against Bacillus subtilis (4.00+1.73 mm) while on the modified disc diffusion assay,
Shigella sonnei exhibited highest antibacterial activities of (7.00+0.21 mm) against Aeromonas
hydrophila. Among the isolates, only Klebsiella pneumoniae shown resistance to most of the
conventional antibiotics used. Hence, bacteria isolated from fish mucus possess some antibacterial
properties against clinical bacterial isolates.
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Introduction

Fish is considered an efficient source of important nutritive protein
that nourishes the body and hence consumed globally for this health ben-
efits. Of all diet with a large reasonable amount of protein, fish stands out
with closely 16% (world’s population) animal protein (FAO 2007) and 17%
in Africa population (ALLISON 2009). Microbiologically, fish and its bye
products are of potential health risk due to its ability to harbour important
human pathogenic bacteria. Bacterial infections can occur due to unhygienic
handling and eating of poorly prepared ready-to-eat fish. Numerous bacte-
rial genera such as Escherichia, Listeria, Pseudomonas, Klebsiella, and Sal-
monella have been identified from fish indicating several means of contam-
ination of fish environs (MANHONDO et al. 2018, SICHEWO et al. 2014).

Fishes are naturally endowed with high immunological tolerance. One
of the major line of defense exhibited in fishes is the skin slime that serves
as first body soldiers (VENNILA et al. 2011). The mucus in the skin of fish
naturally prevents invasion of most pathogenic microbes (includingand
fungus) into the body of the fishes (VENNILA et al. 2011). Mucus of the fish
is extensively released by the goblet cells (present in the skin) and it exclu-
sively consists of mucins and other substances like inorganic salts, immu-
noglobulin, proteins and lipids (TYOR and KUMARI 2016). The mucus of
Claris spp. have been explore in ages for its use in orthodox medicine to
rejuvenate wounds, burns and tumor (CHINWUBA et al. 2016, DESLOUCHES
and D1 2017). While Anguiil abengalensis has been in continuous use for
the therapy of anaemia, burn injury, piles, and weakness in the Indian
traditional medicine (RAHMAN et al. 2014), Channa striatus is popular due
to its ability to speed the rejuvenating rate of wounds, build up immune
system and anti-inflammation including tender antifungal and antibacte-
rial roles (WEI et al. 2010). These good roles have closely been associated
to the presence of antimicrobial peptides (AMPs), polyunsaturated fatty
acids (PUFA), mycosporine-like amino acids (MAAs) and organic acids
(NWABUEZE and CAMPUS 2014).

Global daily increase in antimicrobial resistance to most commonly
used antibiotics necessitated further attempts to search for novel antimi-
crobial agents preferably, non-synthetic agents, to combat infections.
In 2017, WHO cries out for an emergency aid in research and development
towards a world’s health immediate need as there is an alarming decline
rate of antibiotics particularly, the ESKAPE pathogens. If care is not taken
in this century, the infections caused by these pathogens may return the
world back to orthodox ages (WHO 2017). Hence the need to investigate
the antibacterial properties of bacteria isolated from fish mucus.
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Materials And Methods

Mucus collection and preparation for antibacterial activities

Five (5) healthy live samples each of two different fishes (Chrysichthys
nigrodigitatus and Solea solea) regardless of age and sex were purchased
from riverine area in badagry, Lagos, Nigeria. The fish samples were col-
lected into sterile perforated container filled with water and labeled
accordingly. Mucus collection was done by starving the fishes for one day
without prior application of anesthesia and transported to the laboratory
for microbiological analysis observing the modified method of SUBRAMA-
NIAN et al. (2007). Briefly, Whatman no 1 filter paper was used to remove
the mucus from the fishes by gently moving it from the head of the fish to
the tail in order to slough off the fish mucus. This was done separately for
each fish specie. Spam and intestinal cross-contamination were prevented
by avoiding mucus collection through the ventral side. The aseptically col-
lected mucus sample were mixed well with equal quantity of sterilized
physiological saline (0.85% NaCl) in readiness for microbial isolation and
some parts of the mucus was centrifuged at 5,000 rpm for 15 mins. The
supernatant was placed in vials and kept at 4°C for future antimicrobial
studies.

Acquisition and conservation of pathogenic bacterial strains

The pathogenic bacterial strains were obtained from the Federal Insti-
tute of Industrial Research (FIIRO), Lagos, Nigeria. Antibacterial activi-
ties of fish skin mucus extracts was tested against four pathogenic bacte-
ria which includes Escherichia coli, (ATCC 25922), Staphylococcus aureus,
(ATCC 25923) and Bacillus subtilis (ATCC 6633) and a common gram neg-
ative fish pathogenic bacteria Aeromonas hydrophilla (ATCC 35654). All
the bacterial strains were maintained by growth in nutrient broth observ-
ing a standard biomedical safety procedures and conditions. A 10 ml of
prepared nutrient broth was poured in a flask and one loop of each tar-
geted test bacteria was added to the flask and incubated at 37°C for 24 hrs.

Isolation and characterization of associated bacteria

The method of isolation was by culture method. This was done by pre-
paring media such as Nutrient agar (Oxoid, UK), MacConkey agar (Oxoid,
UK) and Mueller Hinton agar (Oxoid, UK) following manufactures’ speci-
fication. This was followed by aseptically inoculating the serially diluted
mucus on the media plate of Nutrient agar (Oxoid, UK), blood agar (Oxoid,
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UK), mannitol salt agar (Oxoid, UK) and MacConkey agar (Oxoid, UK).
The inoculated plates were labeled appropriately and incubated at a room
temperature of 37°C for 24 hrs. The microbial isolates were sub cultured
until pure culture were obtained before transferring to an agar slant for
further use. The associated bacteria isolates were identified morphologi-
cally (size, form, colour, consistency, edges, elevation and opacity). They
were further identified using Gram staining. Biochemical characterization
such as indole, oxidase, voges proskauer, triple sugar iron, urease, hydro-
gen sulfide production test for solubilizing bacteria citrate, catalase and
motility test following Bergey’s manual of systematic bacteriology (HOLT
et al. 1994).

Antibiotics sensitivity test

Antibiotic susceptibility test was achieved by Kirby Bauer Disc diffu-
sion susceptibility method according to Clinical and laboratory standard
institute (CLSI 2009). A Mueller-Hinton agar plate was prepared accord-
ing to manufacture”s specification. Three to five well-isolated colonies of
the test bacteria were selected from an agar plate and suspended in 5 ml
of nutrient broth. The turbidity of the broth culture was adjusted to 0.5
McFarland standard. Standardized inoculums of the organism were
swabbed on the entire Mueller-Hinton agar plate within 15 minutes.
At about three minutes thereafter, paper discs impregnated with the follow-
ing antimicrobial agents; Augmentin (AUG) 30 pg, Chloramphenicol (CH)
30 pg, Septrin (SXT), 30 ug, Gentamycin (CN) 10 pg, Streptomycin (STR)
30 pg, Amoxacillin (AMX) 30 ug, Sparfloxacillin (SP) 30 pg, Ciprofloxacin
(CPX) 30 g, Pefloxacin (PEF) 30 ug, Tarivid (OFX) 10 pg (all from Oxiod
UK) were positioned on the agar plate using sterile forceps. These plates
were left for about 30 mins for predifussion to take place before incuba-
tion. The plates were incubated at 37°C for 24 hours. The diameter of zone
of inhibition was measured to nearest millimeter.

Screening for antibacterial activity of organisms isolated
from fish mucus

The bacterial isolates from the fish mucus were tested against patho-
genic bacterial strains for their antibacterial potency using the spot on
lawn assay and disc diffusion method.

The spot-on lawn antimicrobial assay used had little modification.
Briefly, Mueller Hinton agar was prepared and at molten state around
40°C, the pathogenic organisms were evenly mixed with the agar and
poured into the plate. Varied aliquots diluent of the test organisms are
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dripped onto the media that has been seeded with the pathogenic microor-
ganisms. After aerobic incubation at 37°C for 24 hours, the antimicrobial
activity was measured and expressed as inhibition zone diameter.

In disc diffusion assay, discs of 6 mm were absorbed with supernatant
and placed on the agar seeded with pathogenic bacteria strains. After
overnight incubation at 37°C, the inhibition zone is evaluated in millime-
ter (mm) based on the clear zone around the paper disc according to
SOOMRO et al. (2007).

Data analysis

The data obtained were first subjected to descriptive statistics (mean
and standard error of the mean). Analysis of Variance (ANOVA) was used
to determine significant differences in mean across all the groups. P-val-
ues of less than 0.05 were considered as significant using SPSS software.

Result and discussion

Study in this research generates an insight into the antibacterial
activities and antibiotics susceptibility pattern of bacteria isolated from
fish mucus on clinical isolates using spot on lawn and disc diffusion method.
In this case, a total of 30 bacterial isolates were identified; Salmonella
typhi (40%), Proteus mirabilis (8%), Klebsiella pneumoniae (20%), Shigella
sonnei (20%), and Citrobacter freundii (12%) — Figure 1. The bacteria iden-
tified through biochemical tests are Klebsiella pneumoniae, Salmonella
typhi, Proteus mirabilis, Shigella sonnei, Citrobacter freundii (Table 1).

B Proteus mirabilis

B Salmonella typhi

[ Shigella sonnei

M Citrobacter freundii
W Klebsiella pneumoniae

Fig. 1. Percentage occurrence of bacteria isolated from fish mucus
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Table 1
Biochemical identification of bacteria isolated from fish mucus
TSI
S/IN ORG GR | IN | OX | MO | CA | UR | CI |HyS
SU | LA | GL
1. | Klebsiella pneumoniae | — — — + + - + + +
2. | Proteus mirabilis - — — — + + — _ +
3. | Shigella sonnei - + — — + — - — _ _ +
4. | Citrobacter freundii - - - + + — + + - - +
5. | Salmonella typhi - - - + + — - + - - +

Explanations: ORG — organism, GR — gram reaction, IN — indole, OX — oxidase, CA — catalase,
UR — urease, CI — citrate utization, GL — glucose, H,S — hydrogen sulphide, TSI — triple sugar
iron, SU — sucrose, LA — lactose

The fact that, Salmonella typhi was the most prevalent bacterial spe-
cie contradict the report of MANHONDO et al. (2018) who isolated a different
set of bacteria sp. from fish in Zimbabwe. In the same vein, our results also
contradicts that of HAFSAT et al. (2015) who reported Staphylococcus aureus,
Streptococcus spp. and Escherichia coli as the most frequent bacterial spe-
cies in the epidermal layer of fish. The difference in the bacteria species
recorded may be due to seasonal variation, geographical location as well as
sources of indiscriminate disposal of refuse in water bodies (CABRAL 2010).

14 7
12 7

10

SP SXT S OFX PEF CN CPX AU AM CH
B Kiebsiella pneumoniae M Salmonella typhi ™ Shigella sonnei
B Proteus mirabilis M Citrobacter freundii
Fig. 2. Graphical representation of antibacterial activity of selected antibiotics on fish mucus
isolates: SP (Sparfloxacin 10 pg), SXT (Septrin 30 pg), S (Streptomycin 30 pg) OFX
(Tarivid 10 pg), PEF (Pefloxacin 30 pg), CN (Gentamycin 30 pg), CPX (Ciprofloxacin 30 pg),
AU (Augmentin 10 pg), AM (Amoxacilllin 30 pg), CH (Chloramphenicol 30 pg)
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The antibiotics sensitivity test of the fish mucus isolates as depicted in
Figure 2 revealed that Klebsiella pneumoniae is resistance to virtually all
the ten different antibiotics used except Augmentin (4.71+1.21). In contrast,
S. typhi and S. sonnei were susceptible to all antibiotics used while
P. mirabilis is susceptible to most of the antibiotics but resistant to three
(pefloxacin, septrin and arivid). Furthermore, C. freundii showed resistance
to only Streptomycin while being susceptible to the rest of the antibiotics.
This result corroborates with the study of MANHONDO et al. (2018). They
identified bacteria that were multi resistant to different antibiotics used
with the exemption of P. mirabilis. Non-susceptibility of some of the iden-
tified isolates to antibiotics may be attributed to the presence of non-biode-
gradable metal disposal into the water bodies, hence, accelerating the nat-
ural selection in water bodies, enhancing the movement of genes coding for
resistance of antibiotics among water loving bacteria (ALANIS 2005, SEILER
and BERENDONK 2012).The antibacterial activities of fish mucus isolate
P. mirabilis against the clinical isolates using overlay antimicrobial assay
inhibited E. coli, B. subtilis and A. hydrophila with a zone of inhibition
2.67+1.15 mm, 4.00+1.73 mm and 1.00+1.00 mm respectively. In the disc
diffusion method, P. mirabilis inhibited E. coli (3.00+1.48 mm), B. subtilis
(5.00+£2.31 mm), A. hydrophila (4.00+2.11 mm) — Figure 3. This result is in

6

Escherichia coli Bacillus subtilis Staphylococcus Aeromonas
aureus hydrophila

M Klebsiella pneumoniae M Salmonella typhi ™ Shigella sonnei
B Proteus mirabilis B Citrobacter freundii

Fig. 3. Graphical representation of antibacterial activity of fish mucus isolates on clinical isolates
using spot on lawn/overlay assay
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agreement with the study of NAZ and RASOOL, (2013), who reported that
P. mirabilis produces antibacterial proteins that are capable of inhibiting
other organisms. C. freundii using spot on lawn inhibited E. coli (3.67+0.58
mm) and B. subtilis (3.33+1.53 mm). However, it showed no significant
effect on Staph. aureus (0.00+0.00mm) and A. hydrophila (0.00+0.00 mm)
in the overlay antimicrobial assay.

Contrastingly, C. freundi have no antibacterial effect on E. coli and
B. subtilis but it inhibited B. subtilis (4.00+£2.74 mm) and A. hydrophila
(5.00+2.61 mm) in the disc diffusion assay (Figure 4). Our finding is in line
with the study of ROBERT et al. (2012), who reported the production of
antimicrobial compound by C. freundii. In this study, Klebsiella pneumo-
niae antimicrobial assay using overlay method showed inhibition on
B. subtilis (3.67+2.8 mm), S. aureus (0.67+0.58 mm) and A. hydrophila
(2.33+£1.15 mm) while only B. subtilis (4.00+2.11 mm) and A. hydrophila
(5.00+2.31 mm) were inhibited when disc diffusion method is used.

4.5 -
4
3.5 -
3
2.5 -
2 |
1.5
1 4
0.5 -
0
Escherichia coli Bacillus subtilis Staphylococcus Aeromonas
aureus hydrophila

M Klebsiella pneumoniae M Salmonella typhi ™ Shigella sonnei
B Proteus mirabilis B Citrobacter freundii

Fig. 4. Graphical representation of antibacterial activity of fish mucus isolates on clinical isolates
using disc diffusion method

S. typhi inhibited only S. aureus (3.33+0.58 mm) and A. hydrophila
(2.67+£1.151 mm) using overlay assay, but inhibited more pathogenic
organisms (E. coli (2.00+1.30 mm), B. subtilis (3.00+1.31 mm), A. hydroph-
ila (2.00+1.34 mm)) when disc diffusion method was employed. S. sonnei
inhibited only B. subitilis (1.67+2.08 mm) when overlay assay was used.
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However, it inhibited E. coli (1.50+0.54 mm) and A. hydrophila (7.00+£0.21)
using disc diffusion method (Figure 4). This implies that S. sonnei demon-
strated the least antimicrobial effect among the fish mucus isolates while
P. mirabilis demonstrated the highest antibacterial effect.

In contrast, Staph. aureus showed a very high resistance to the anti-
bacterial activity of fish mucus isolates. The inhibitory effects of the organ-
isms isolated from fish mucus as reported in this study is in conformity
with previous reports (MIDHUN et al. 2017a,b). The inhibitory action exhib-
ited by the bacteria spp. were attributed to mass or holistic secretion of
antagonistic materials which include bacteriocins, siderophores, antibiot-
ics (SEBASTIAN et al. 2018), and lysosomal enzymes (RAY et al. 2012).

Previous studies have also indicated that, environmental isolates of
Bacillus spp. produced bacteriocin like peptides such as lichenicidin and
lantibiotic, which gave 100% resistant to the growth of both gram-negative
and gram-positive bacteria (MUKHERJEE et al. 2016, SEBASTIAN et al.
2018). Similarly, another research conducted by SEBASTIAN et al. (2018) on
inhibitory properties of Bacillus coagulans found in gut of fishes against
pathogens reported that B. coagulans may protect the fish from invading
pathogenic bacterial cells. (SEBASTIAN et al. 2018). This study further
agrees with the conclusion of a study carried out in corals on antibiotic
activity in fish which stated that close to a quarter of bacteria cultured
from the mucus of the elkhorn coral, Acropora palmata, exhibited antago-
nistic properties against a range of pathogenic test strains whereby 8%
were directly active against a causative agent of a disease in the particular
species (RITCHIE 2006).

Conclusion

These results confirm that the protection found in fish against sur-
rounding intruders could have been acquired from their epidermal slime
layers. Hence, harnessing fish mucus for its antibacterial properties will
not be out of place. Major limitation to the study is the fact that only two
species of fishes were used in this study, hence we can’t generalize antibac-
terial potential of fish mucus.

Translated by dr. Ojo Abidemi
Accepted for print 19.08.2021
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Abstract

Mapping of Cultural Ecosystem Services (CES) emphasizes the spatial contribution to
landscape characteristics like land cover and human wellbeing. This review paper aims to build
an overview of CES mapping indicators and methods. This goal comprises many objectives; to
provide an overview of existing mapping indicators and methods, to analyze and classify them,
and to emphasize important challenges that researchers face whilst mapping them. This study
reviews 45 publications from the last ten years and identifies eight common CES mapping
methods and various mapping indicators. In conclusion, we highlight that: 1) It is necessary to
utilize a symmetric classification systems for each CES category and a clear specification of each
category of CES. 2) there are various combinations of CES mapping indicators and methods. 3) it
is important to combine different mapping methods, to map neglected services like education and
culture heritage.

Introduction

Millennium Ecosystem Assessment (MEA) defines the concept of Eco-
system Services (ES) as a tool for sustainable development and mentions
that ES consists of main four categories: cultural services (CES), regulat-
ing, supporting, and provisioning (LEE et al. 2019, MARTIN et al. 2016).
Moreover, the first category of CES are defined as non-material ecosys-
tem’s benefits which contribute to human wellbeing like recreation, aes-
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thetic, and education services (CHENG et al. 2019). Although CES contrib-
ute to increase national economies by promoting recreation and tourism
industry, recent research has indicated that researchers and policymakers
pay limited attention to CES compared to the other categories of ES (LEE
et al. 2019). CES mapping methods have functional and practical applica-
tion (e.g. landscape design and urban planning) and support policymaking
(MARTIN et al. 2016). In the context of culture services, ‘Mapping’ means
the process of measuring, modeling, and quantifying the non-monetory
and monetory value of something. Scientific literature has shown various
specifications and expressions to recognize particular methodological
approaches, the most common synonyms of mapping, including measur-
ing, modeling, accounting, quantifying, valuation, etc. There are many dif-
ferent classifications of CES mapping methods. For example, The Econom-
ics of Ecosystems and Biodiversity (TEEB) mostly has classified these
methods into preference-based and biophysical methods (TEEB. 2010).
Moreover, BROWN et al. (2017) and LINDHOLST et al. (2015) have classified
preference-based mapping methods into the monetary method and
non-monetary method.

Since CES are inherently invisible and nonmaterial services, the map-
ping of CES remains poorly understood and relatively ignored (MARTIN et
al. 2016, LANGEMEYER et al. 2015). Furthermore, the limited availability
of indicators and data connected with mapping culture services are a con-
siderable challenge for quantifying all categories of ES, especially CES
(MARTIN et al. 2016). According to MEA natural ecosystems are degrading,
and CES is being utilized unsustainably and that result in increasing eco-
system degradation around the world. Because of the urgent need to pro-
tect CES, new policies have been established. Furthermore, the necessity
of CES mapping indicators to measure and quantify them is growing
around the world. Therefore, scientific research on CES has increased
basically in the past decade (HUTCHESON et al. 2018, STANIK et al. 2018).

Due to grows the interest in CES, the need to quantify and account for
them is also growing through modeling and mapping. There are various
benefits of mapping and modeling CES. For instance, the information from
modeling can be used to estimate establish trends and costs and trade-offs
(e.g. SINCLAIR et al. 2019, PARACCHINI et al. 2014). Thus, CES scientific
research around the world must share one main goal: maintenance of
practices and policies to ensure the sustainable provision of CES and
related humans’ wellbeing benefits. Unfortunately, most of CES cannot be
mapping directly, therefore consider the utilize of mapping indicators nec-
essary and classified them based on their natural for accounting and mea-
suring of CES categories. Due to produce reliable and accurate results in
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CES modeling, strong quantification is desired. Thus, it is necessary to
indicate the proper indicators utilized for modelling and mapping CES as
a first step in order to develop reliable and feasible indicators for modeling
and mapping of each category of CES. In that regard, this review paper
aims to collect, and overview analysis of previous studies concentrating on
CES mapping indicators and classified them based on each CES category.
These indicators will be utilized for mapping and quantifying various cat-
egories of CES and identify used data sources to enable visualize CES on
maps by illustrating; 1) the most common CES mapping indicators and
mapping methods; 2) the availability of data source and the extent of data.
To achieve the research aims, we addressed the following research ques-
tions; 1) what indicators can be utilized in mapping CES categories?
2) what are the methods can be used for mapping different types of CES?
3) what indicators are used for all types of CES? And 4) what indicators
are specific to one type of CES?

Materials and Methods

Paper selection

In this study a comprehensive search of ScienceDirect and of Scopus
was conducted, using the search terms “mapping cultural ecosystem ser-
vices”, “quantifying methods of cultural ecosystem service”, “valuation cul-
tural ecosystem service” and “mapping indicators” in order to identify
existing literature dealing specifically with mapping CES by applying this
search keywords in main titles and abstracts. The literature review was
not be limit by a fixed period or performed in a specific country. The search
was perfumed from November 2020 to January 2021. The utilized search
terms bring about a total of 220 publications including conference papers,
journal articles, reports and thesis. After, in-depth screening of papers, we
conducted 45 papers that have been read in-depth and considered in our
analysis and comparison. From each analyzed paper, data about the CES
mapping methods and indicators have been extracted, and extract general
data about the used study area, such as data extent, data source, study
area (for more details see App. 1, Table App. 1)

Analytical framework.
Mapping indicators and methods classification

The analyzed literature review contained information about measur-
ing CES by using appropriate indicators and methods. In case of mapping
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methods, in our paper selection we only focusing on paper utilized non-mon-
etary methods for mapping CES categories, therefore, in this review, we
discuss all kind of non-monetary mapping methods. According to non-mon-
etary methods which classified to revealed preference and stated prefer-
ence method, the revealed preference method means, analyzing documents
or monitoring behavior including advertisements, pictures, and written
data, to indirectly locate human’s preference for CES (SINCLAIR et al.
2019). In contrast, the stated preference method means to, directly asking
people about their preference to measuring CES (WARTMANN and PURVES
2018). Based on our analysis, there are different papers conduct and gen-
eral review of publications addressed various categories of CES. For exam-
ple, FIGUEROA-ALFARO and TANG (2017) reviewed 36 publications associ-
ated with CES mapping. COOPER et al. (2016) also performed a compara-
tive review of 97 articles about the characteristics and availability of CES
mapping methods. However, In this review, we:

a) update the list of CES mapping methods;

b) classify and group the CES mapping indicators;

¢) indicate the utilized indicators in mapping each category of CES;

d) highlight the common utilized data source and extent in mapping
various category of CES.

Mapping methods classification

We classified all considered publications based on their mapping
method and only focusing on papers which used non-monetary methods.
In this classification, we distinguished the mapping methods using
revealed preference from the mapping methods using stated preference
method (SCHIRPKE et al. 2016, RIECHERS et al. 2018). Based on this classi-
fication, in this review paper, we intend to scan each paper to classify them
according to used methods, and number of indicators used in mapping
each CES category, then after the analysis of the total set of selected pub-
lications, we give a list of mapping indicators that could be used in map-
ping various category of CES.

Results

CES categories

According to our analysis, all CES categories have received some
attention in the selected literature. Out of the 45 publications, 29 studies
have addressed outdoor recreation and tourism category, so, they received
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the greatest attention among other categories, and only 11 studies mapped
aesthetic enjoyment value. However, spiritual and inspirational value
have received the least attention among other CES categories (3 and 2
studies mapping them respectively) — Table 1.

Table 1
Number of studies per each CES category
Culture services Number of studies
Aesthetic enjoyment 11
Inspiration value 3
Recreation and tourism 29
Spiritual value 2

Classification groups of indicators

In this paper, we review existing indicators for the assessment of CES
categories and provide a critical overview of how indicators can be used for
mapping CES categories. Different indicators can be used to map different
categories of CES. Based on indicators identified by gathered literature
review, in this review, we divided the type of CES mapping indicators into
four groups, namely active-physical interactions with the natural environ-
ment (Grl), passive-physical interactions with the natural environment
(Gr2), representative and intellectual interactions with the natural envi-
ronment (Gr3), and spiritual, symbolic interactions with the natural envi-
ronment (Gr4), based on Common International Classification of Culture
Ecosystem Services (CICCES) (HAINES-YOUNG and POTSCHIN-YOUNG
2018)

The Classes/groups definitions indicating the different kinds of CES
have all been addressed in Table 2. At the classification level of CES based
on the characteristics of living systems, there are two kind of CES division
which is between those characteristics of living systems that are experi-
enced either ‘in-situ’ or ‘remote’. For example, divide 1 is “Direct interac-
tions with living systems that depend on presence in the environmental
setting’. However, the second divide is ‘Indirect interactions with living
systems that do not require presence in the environmental setting’
(HAINES-YOUNG et al. 2016).
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Table 2
International Classification of culture ecosystem services (CICCES) (HAINES-YOUNG et al. 2016)

Division Group Classes
active-physical living systems characteristics that enable
Gr; | interactions with the activities which promote public health and
natural environment enjoyment through interactions

passive-physical living systems characteristics that enable
Direct Gr, | interactions with the activities promoting health and enjoyment

interactions natural environment through passive interactions

with living

living systems characteristics that enable

systems . ..
representative and education and training
Gr Intellectual interac- | living systems characteristics that are resonant
3 | tions with the natural in terms of culture or heritage
environment Characteristics of living systems that enable
aesthetic experiences,
Indirect spiritual, symbolic
interactions P » Symb elements of living systems that have sacred
e Gr, interactions with - .
with living . or religious meaning
natural environment
systems

Mapping indicators

In this section, we provide an overview of the mapping indicators used
in the literature for mapping different categories of CES. The majority of
mapping indicators have been used to map different CES categories
(ABUALHAGAG and ISTVAN 2020). To be more specific, a various kind of
indicators such as number of visitors, photographs, tourist attractions and
landscape aesthetics, utilized for measuring recreation and tourism. More-
over, there are many indicators could be used for mapping different kind
of CES categories such as land cover, and accessibility/ distance. Table 3
illustrate CES mapping indicators and the group of CES categories.

CES mapping indicators utilized as input data for mapping and eval-
uation CES category. Outdoor recreation and tourism had the greatest
different number of mapping indicators account around 29 different kinds
of indicators compared to all other CES categories (Table 3). Based on our
result, land use and land cover indicators demonstrate to be a necessary
indicator for mapping all CES categories. Land use indicator is commonly
defined as a series of operations on land, carried out by humans. However,
the land cover indicator is commonly defined as the vegetation (natural or
planted) or man-made constructions (buildings, etc.) which occur on the
earth surface. Land use and land cover have some fundamental differ-
ences. Land use refers to the purpose the land serves, for example, recre-
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ation, wildlife habitat, or agriculture; it does not describe the surface cover
on the ground like a land cover indicator (TENERELLI et al. 2016). Vegeta-
tion types is an important map for mapping recreation and tourism while
land use can be used for quantifying suitable and non-suitable areas for
create new recreation services (UPTON et al. 2015, STANIK et al. 2018,
TENERELLI et al. 2016).

In this paper, we review existing indicators for the assessment of CES
categories and provide a critical overview of how indicators can be used for
mapping CES categories. Different indicators can be used to map different
categories of CES. Based on indicators identified by gathered literature
review, this study identified four aspects to group the collected mapping
indicators. These indicators comprise environmental aspects (including
temperature, pollution, topography indicators such as DEM and slope,
landscape settings); physical aspects (including the accessibility indica-
tors such as distance indicator, which include distance to resources, dis-
tance to scenic site, flower viewing indicator, tourist attractions, popula-
tion density, and roads); socio-economic aspects (including photographs,
number of visitors, accommodation, footpaths, visitors stay, and visitors
expenses); and urban aspects (including land cover and land use, resource
availability, vegetation cover, rare species, green spaces, recreation poten-
tial, ecotourism potential, and protected areas — see Table 3 which illus-
trates the indicators for mapping CES resources).

Table 3
Classification groups of culture ecosystem services and related indicators
1t Numb - .
L Cu .ure umber Mapping indica- CES mapping Number
Division Giroups services of tors aspects indicators of studies
(CES) | studies P

environmental DEM 4 out of 11

aspects

1 tal

environmenta slope 3 out of 11

aspects

i 1

environmenta temperature 1 out of 11

. . aspects

passive-physical
Direct interac- |and experiential |aesthetic physical aspects|distances 1 out of 11
tions with living 1nteract10ns. with |enjoyment 1 physical aspects|distance to resources | 1 out of 11
systems natural environ-  |value

ment physical aspects|distance to scenic site| 1 out of 11
urban aspects |[land use 1 out of 11
urban aspects |green spaces 1 out of 11
urban aspects [land cover 3 out of 11
urban aspects [rare species 1 out of 11
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cont. Table 3

socio-economic

number of visitors 9 out of 29
aspects
socio-economic
hot h; t of 2
aspects photographs 3 out of 29
SOCI0-ECONOMIC |4\ st attractions 2 out of 29
aspects
i tal .
environmenta landscape aesthetics | 3 out of 29
aspects
urban aspects |recreation potential | 1 out of 29
urban aspects |ecotourism potential | 1 out of 29
i tal
environmentat g..oh water 2 out of 29
aspects
urban aspects |recreation fishing 3 out of 29
urban aspects [land cover 14 out of 29
active-physical physical aspects |accessibility/ distance | 7 out of 29
Direct interac- |and experiential |recreation physical aspects|traffic census 1 out of 29
tions with living |interactions with |and 29 - -
systems natural environ-  |tourism S0C10-economic footpaths 1 out of 29
ment aspects
socio-economie population density 4 out of 29
aspects
urban aspects |urban green space 1 out of 29
SOCIO"CCONOMNC 1y 1, it attractions 2 out of 29
aspects
1 1 .
environmenta rare species 1 out of 29
aspects
soclo-economic | . mmodation 4 out of 29
aspects
i tal R
environmentat -, o urce availability | 1 out of 29
aspects
socio-economic g o viewing 1 out of 29
aspects
SOCIO-CCONOMIC. |1 itors expenses 1 out of 29
aspects
spiritual, symbolic urban aspects |land cover 2 out of 3
,IndlreCt, . ?nd Oth?r . inspira- urban aspects |landscape value 1 out of 3
interactions with |[interactions with | . 3
living systems  |natural environ- tion value
£ 8y urban aspects [land use 1 out of 3
ment
spiritual, symbolic socio-economic
. hot h; 1 out of 2
Indirect and other .. aspects photograpns outo
. . o X . spiritual
interactions with |interactions with 2 R
.. . value urban aspects [landscape settings 1 out of 2
living systems  |natural environ-
ment physical aspects|distance to resources | 1 out of 2
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The most common mapping indicators are the accessibility and the
distance (e.g. distance from roads, distance to resources, distance from
exist recreation site, and distance from water supply) and both are used
for mapping nearly all CES categories. Table 3 highlights many examples
of mapping indicators utilized for mapping different CES categories. Aes-
thetic enjoyment value has received more attention than other CES cate-
gories except recreation and tourism, and around a quarter of the selected
studies addressed aesthetic enjoyment. Thus, our results show that 11
studies have mapped aesthetic enjoyment. So, aesthetic enjoyment has
approximately 20 mapping indicators. However, it still less than indica-
tors used for mapping outdoor recreation and tourism. Distance (include
distance to resources and distance to Scenic site) was the important indi-
cator utilized for mapping aesthetic enjoyment value. Land use and land
cover data were also necessary information for measuring and quantified
this service.

According to inspiration value, various kinds of indicators could be
utilized for mapping this kind of service. Approximately, three indicators
have been utilized to map inspiration category (Table 3). Recreation and
tourism category received the most attention between other CES catego-
ries (approximately 64% of the analyzed studies mapped them) (Table 2).
Thus, it 1s obvious that there are various kinds of mapping indicators
related to the recreation and tourism category compared to other CES cat-
egories. For example, in case of recreation and tourism category, our
results identified that there are 29 indicators have been utilized to quan-
tifying and measuring them (Table 3) (VAN BERKEL and VERBURG 2014).
Many studies approve that spiritual value is more difficult to measure and
quantify. Therefore, it has been received the least attention among all
CES categories. All mapping indicators utilized for quantifying this cate-
gory were connected to the diversity of habitat. Moreover, fewer indicators
utilized to map this service compared to other CES categories (Table 3).
The significantly lower numbers of mapping indicators for spiritual value
could be the cause of the limited data and indicators on these services.
Because of these challenges, spiritual experience value received the least
attention based on our analysis.

CES mapping methods

In this section, we give a general overview of CES mapping methods
typically utilized to measure and map CES categories. By analysis the 45
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collected studies included in this review we conclude that many different
sets of non-monetary mapping methods, like revealed preference and
stated preference methods, were found. The non-monetary mapping meth-
ods utilized to map CES categories received most attention in all the ana-
lyzed studies. Based on that, eight non-monetary mapping methods have
been identified, of which the first 3 mapping methods utilized revealed
preference methods for measuring and quantifying CES categories namely;
observation, document, social media-based, and the rest utilized stated
preference methods namely; interview, questionnaire, participatory map-
ping, participatory GIS (PGIS), public participation GIS (PPGIS), and sce-
nario simulation. The descriptions of non-material methods for mapping
CES as the following:

1) Revealed preference; this method consist of three main kinds:

a) observation: looks at user and locals’ behavior and actions to reflect
the social value of CES. For instance, remarking the number of visits to
the park to evaluate the significance of recreation value in this area;

b) document: collecting information about human preferences on CES
by looking for images, texts, or other kinds of materials. For instance, ana-
lyzes the kind and number of pictures taken by users to assess the aes-
thetic value;

¢) social media-based: utilizing the data collected from various social
media to evaluate CES. For example, analysis of the pictures of wildlife
uploaded on a picture-sharing online website.

2) Stated preference: this method consist of five main kinds:

a) interview: directly understanding the perception of the public about
why and how users are value CES by using face-to-face interviews. through
this interview, participants talk freely about their thoughts and feelings to
gain a better understanding of CES services like a sense of place;

b) questionnaire: a combination of questions is distributed to obtain
information about CES from participantprze, for example, the planners
ask users to choose from the set of selections;

¢) participatory GIS (PGIS): in this method, the researcher integrates
geographic information systems (GIS) and the participatory mapping
method in the mapping process;

d) scenario simulation: predict future scenarios of CES capacities to
help decision-makers and planners in the planning strategies

According to the non-monetary methods, overall, participatory GIS
(PGIS) and observation were most frequently used for mapping CES cate-
gories far more than the others, followed by questionnaires, document and
scenario simulation methods (Figure 1). Moreover, questionnaires and
interviews frequently utilized observation and document methods to col-
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lect data for mapping CES. Figure 2 shows which of these methods are
utilized to map different categories of CES. Overall, all mentioned map-
ping methods were utilized to map and quantify tourism and recreation
categories, followed by aesthetic enjoyment value. In that regard, the
above-mentioned mapping methods were utilized to measure and quan-
tify different kinds of CES. Moreover, interviews, questionnaires, and
participatory GIS methods have the capability to map all CES categories.

30
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15
10
5 I
0 [
document  obser- social question- interview  PGIS PPGIS  scenario
vation media-based naire simulation
M revealed preference O stated preference

Fig. 1. Numbers of papers using various non-material methods to map culture ecosystem
services
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Fig. 2. CES various category per different mapping methods
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Table 4 illustrate which CES category are mapping with revealed pref-
erence, and which of them are mapping with stated preference. Overall,
recreation and tourism are used most frequently in case of revealed pref-
erence (29 out of 65) and stated preference methods (36 out of 65), followed
by aesthetic enjoyment, in which stated preference methods are used more
than revealed preference. Specifics of the quantification mapping methods’
numbers per CES are given in App. 1, Table App. 1

Table 4
Number of mapping methods of CES per category

Methods classifications
Culture services Total

revealed preference stated preference
Aesthetic enjoyment 3 11 14
Inspiration value 0 8 8
Recreation and tourism 29 36 65
Spiritual value 1 1 2

Utilized Data Sources

The essential element in the mapping of the culture ecosystem catego-
ries is the availability of data sources and information. In that regard, this
section gives an overview of kind information and data source utilized for
measuring and mapping CES categories in the analyzed studies. So, we
have focused on identifying the mapping indicators and analyzing them in
order to indicate the type of data and information utilizing for mapping
various categories of CES. Moreover, we first gathered the mapping indi-
cators as these were utilized as a basis for mapping CES categories. After
gathering the mapping indicators, the collected data source has been clas-
sified into three main groups namely; sub-national scale data, national
scale data, and local data which is created for evaluation special study
area (Table 5). These groups help the planners to identify the proper data
type for each planning scale.

Table 5
Extent of data used in the reviewed literature, linked with the CES categories
CES categories
- - —— — Total
Extent of data aesthetic recreation and | inspiration | spiritual value [%]
enjoyment [%] | tourism [%] value [%] [%]
Local scale 2 25 0 0 27
Sub-national scale 8 28 0 2 38
National scale 10 19 4 1 34




Overview Analysis of Cultural Ecosystem Services: Mapping Indicators... 345

Overall, based on the analyzed literature review, many different types of
data sources have been addressed, these data sources have been divided into
three main types, as we mentioned before; sub-national data (e.g. specific
case study, states, cities, regions, or watersheds), local data (e.g. monitoring
and observations of study area features), and data covering national extents
(e.g. countries). Of the 45 studies analyzed in this review, 38% mapped CES
using sub-national data and 34% used national data and 27% used local data
(Table 5). According to the sub-national data sources, there are a wide vari-
ety of data sources used to mapping a different kind of CES categories such
as land use/cover map, pollution data, visitor numbers, etc. So, Cultural
services, like aesthetic enjoyment and spiritual value, are very regional
service with diversity from cultural groups to individuals; thus, sub-na-
tional data sources are mostly used for mapping and quantifying process.

The kind of data used in the analyzed studies had various nature and
sources and utilized quantified method (see App. 1, Table App. 1). Accord-
ing to the most common data sources, there are various kind of sources
used to map and evaluate various categories of CES, such as interviews
and field data (FIGUEROA-ALFARO and TANG 2017), and other researchers
used surveys which based on photographs or pictures. Furthermore, others
utilized spatial source of data, such as maps about vegetation, land cover,
or land use map. And the most and accurate source of data is written data
and maps which can be directly collected from local public and private
institutions. The number of studies used the various kind of data source
have been reported in Table 6 linked with utilized extent of data and each
CES categories. Overall, of the 45 studies included in this review (Table 6),
80% mapped CES using GIS and paper-based maps or GIS file maps such
as using PPGIS method in case of paper-based map and using PGIS meth-
ods in case of GIS file maps. And around 24% used picture for mapping
CES categories and only 40% used written data (see App. 1, Table
App. 1 for more details).

Table 6
Type of data used in the reviewed literature, linked with the CES categories
Number of studies
Type Utilized extent agsthetic recreati.on inspiration | spiritual Total Percentage
of data of data enjoyment |and tourism| value value (45)
(%] (%] [%] [%]
Maps local, national, 10 21 3 P) 36 80
sub-national
Pictures sub-national, local 2 8 0 1 11 24
Written local 1 17 0 0 18 40
data
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Discussion and Conclusions

Challenges of mapping methods application in ces categories

In this section, we give an overview about; firstly, discuss challenges of
mapping CES; secondly, discuss the existing CES mapping indicators and
the most common methods.This study identified various possible indica-
tors and data sources for mapping each CES categories in practical appli-
cations. In the CES mapping process, all CES categories have the same
necessity and the researchers should pay more attention to all CES
(RIBEIRO and RIBEIRO 2016). In this study, our overview shows how the
mentioned methods utilized for mapping CES concentrate mostly on mea-
suring and mapping tourism and recreation values. Due to achieving
a better addressing of all culture service in practical application, it is nec-
essary to refer to the most common classification frameworks of CES cate-
gories which are MEA and TEEB frameworks. Thus, in many cases, the
assessment of CES ends up as a symbolic evaluation of the CES concept,
concentrating on demonstrating the utilization of CES classification
framework without conceptual clarification like what kind of indicators
should map or measure. The recreation category can easily be defined in
various kind of classification systems, for example in in case of TEEB clas-
sification systems it called ‘recreation and tourism’, while it named ‘recre-
ation and ecotourism’ in case of MEA classification systems classification
systems and Common International Classification of Ecosystem Services
(CICES), so it is important to refer to all CES to the most common classi-
fication frameworks.

Moreover, for other CES categories, it is hardly finding definitions or
synonyms in the mentioned two international classification systems.
Therefore, the comparison and analysis of these studies could be difficult,
in the case of researchers utilize different classification systems. Due to
these challenges, some scientific researchers addressed only a single clear
CES category, such as NAHUELHUAL et al. (2013) addressed recreation
value and ZARKESH et al. (2011) conducted a land evaluation of ecotourism
value, at the same time all the other CES categories have been ignored.
Based on the mentioned challenge, it appears that the practical applica-
tion of CES mapping methods may still be problematic. CES are more
than just ‘recreation and tourism. Thus, the field of CES research needs to
apply more rigorous definitions in the various case studies by single and
clear classification systems and unambiguous descriptions of each CES
category.
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CES mapping indicators

Cultural ecosystem services (CES) are strongly connected with human
well-being. However, up to now specific definitions and strong measure-
ments of the necessity of cultural services for people have been elusive.
A better understanding of this kind of service could offer feedback changes
in ecosystem service, in general, and contribute to sustainable use and
improvement. Qur review paper indicates that there is an increase of lit-
erature addressed evaluating and mapping CES. Despite these advances,
the sources of utilized data and information and mapping methods are
varied, and in the majority of the analyzed studies, detailed methodologi-
cal information and mapping indicators were missing.

Our review exposes some clear trends. Key CES that are today being
utilized for decision-making in urban planning have been frequently
mapped, as is the case of outdoor recreation (SINCLAIR et al. 2019) and
tourism facilities (NAHUELHUAL et al. 2013). Yet, it is notable that CES
that may be critical for the maintenance of human well-being, such as
education and economic value, are rarely addressed. There is a clear lack
of formal research on many of these kind of cultural services

Regarding the type of indicators aspects found in the review, indica-
tors assessing urban aspects were the most frequently used for mapping
aesthetic, inspiration, spiritual, and recreational services. For example,
KOMOSSA et al. (2018) utilized accessibility and distance as urban indica-
tor for mapping outdoor recreation. However, BEECO et al. (2014) conduct
evaluation of recreation by using tracking number of visitors as a Socio-eco-
nomic aspect’s indicator.

Yet indicators measuring impacts on human well-being were only
rarely addressed, although existing research connecting recreational
activities and human well-being. In term of the CES quality assessment,
it is evident that the reviewed cultural services indicators are generally
lacking in terms of public participants of the subject to be measured, which
may lead to confounding outcomes (SCHNEIDER and LORENCOVA 2015). For
example, in case of Ives et al. (2017) and BIELING (2014), they Invested
more effort for involving relevant stakeholders in the evaluation and map-
ping process, and that would likely improve their quality. Communication
strategies to disseminate indicators were barely apparent in the litera-
ture, although the indicators assessed seemed to sufficiently reach their
target audiences by using suitable communication means (FIGUEROA-AL-
FARO and TANG 2017).

Our results approve the fact that recreation and tourism services are
mapped utilizing many various indicators (BERNETTI et al. 2019, BIELING
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2014). Therefore, the number of indicators using in map recreation and
tourism services significantly increased. In that regard. the possibility of
using the obtained indicators for mapping all categories of CES are ambig-
uous and need more research to prove that. As we mentioned in the result
section, there are different mapping indicators collected from the analyzed
studies, and some of the obtained indicators can be suitable for one study
area and non-suitable for others. Moreover, in this review, we confirm and
referred to a list of CES mapping indicators with related groups and aspects.

CES Mapping Methods and data source

The stated preference methods, as a kind of CES mapping methods,
have received more attention compared to other mapping method. More-
over, stated preference methods could be utilized to map many different
categories of CES (BROWN et al. 2016). Neglected CES services like educa-
tion and cultural heritage can be mainly measured and modeled by the
stated preference methods, like questionnaires, interviews, PGIS, and
PPGIS, since these categories are depending mainly on user’s perception
(CLEMENTE et al. 2019). Additionally, these mapping methods depend on
the answers directly gathered by users with various socioeconomic and
demographic backgrounds (D’AMATO et al. 2016, RIBEIRO and RIBEIRO
2016). Moreover, collection of the required information for revealed prefer-
ence mapping methods 1s comparatively easy. They are often utilized in
the cross-regional study area since there is no need to understand the local
languages in this type of mapping. Accurate and precise measuring is the
major challenge, due to people’s personalities and perceptions of CES
value. This result highlights that little is known about the accuracy of
data collection, thus, improving the accuracy of quantification results and
providing a well-designed measuring process controlled by a well-experi-
enced researcher is required (DOU et al. 2017).

Mapping mainly refers to the process of quantifying the value of some-
thing. From the short review above, the results demonstrate two things.
Firstly, we found that most of the analyzed studies utilized more than one
mapping method for measuring a single category of CES. Secondly, many
different methods were applied in a similar sequence in the mapping pro-
cess. For example, for mapping CES categories, two main steps have to be
followed; firstly, data evaluation has to be obtained by utilizing revealed
preference methods, like observation and document methods; secondly,
measuring CES categories has to be applied by using state preference
methods, like questionnaires (e.g. RICHARDS and TUNCER 2018), inter-
views (e.g. RIECHERS 2018), and PPGIS (e.g. RALL et al. 2019). Among
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them, various data source — like photo, maps, and written data- are often
utilized repeatedly to verify and improve the research accuracy. Addition-
ally, revealed preference mapping methods are frequently utilized to
improve and verify data accuracy. For example, PARACCHINI et al. (2014)
conducted interviews and workshops several times during the field survey
and mapping process to better design the final questionnaire and to
increase the accuracy of the obtained data. Additionally, these methods do
not require a large sample set to collect accurate data, because the map-
ping process can be done by gathering in-depth perspectives from many
people who live in a particular study area.

The kind of data utilized in the analyzed studies had different sources
and nature, according to the used mapping method. As stated above, most
of the selected publications utilized data acquired from personal inter-
views and field surveys. For example, USAMA (2015) conduct an interview
with locals to discuss urban design guidelines in Cairo, Egypt that pro-
mote the physical activity of users and to motivate and change social
behavior towards healthy living. The personal interview could be an online
interview or face-to-face. Moreover, other surveys were based on various
photographs or pictures. For example, RICHARDS and TUNCER (2018) used
a social media photographs for cultural ecosystem services assessment.
Moreover, others utilized spatial data such as maps about vegetation cover
and land use/land cover, and others collect mapping data from written
sheets (e.g. WEYLAND and LATERRA 2014). In general, most of the obtained
studies utilized a combination of data sources; for example, NESBITT et al.
(2017) use picture sources as the data source and used maps to conduct the
spatial analysis on the selected picture of the CES by using social media
photographs as a measurement unit. Thus, few studies used one data
source in the evaluation process, like, PENG et al. (2019) used written data
as the primary data source to evaluate CES values by using a question-
naire. Therefore, we support interdisciplinary and transdisciplinary col-
laboration in the CES mapping process, with particular attention to the
skills from social sciences and its’ methods to better advance and support
the assessment process techniques. Furthermore, more mapping methods
and procedures must be developed to evaluate neglected CES like educa-
tion and economic values which obtained from recreation and tourism ser-
vices. Finally, more research is required on how to integrate the results of
the mapping methods into the practice framework of reality.

To sum up, in this review the advantages of the combination of stated
and revealed preference methods have been discussed through our previ-
ous analysis. Moreover, this review was given a general overview of com-
mon CES mapping/quantify indicators and methods and used data types.
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We can conclude as the following; firstly, at the beginning of the mapping
process, the researcher used, e.g., document, observation, expert-based
methods to obtain information about CES and clarify and classify them.
Secondly, questionnaires, interviews, participatory mapping, etc., are
used to assess CES as the final step in the mapping process. This combina-
tion addressed a clear and accurate process for researchers to follow it.
However, we must know the challenges of conducting this mapping pro-
cess. Therefore, we emphasize many of challenges, which have been
addressed above, facing researchers through the mapping process. The
first challenge is that a well-experienced researcher is needed who is famil-
iar with a various mapping methods and techniques, and the obtention of
the proper data source and measuring method need a well-recognized
researcher. Second, although questionnaires, interviews, participatory
mapping, etc., are strongly encouraged to be utilized in the final step of
mapping process, it is challenging to find accurate indicators and data
sources of some particular service, consequently, it results in the inability
to CES integration into the ES framework.
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