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ABSTRACT

The ecol ogy of suspended al gae in four ponds were
investigated during the dry season (Novenber 1986 - March 1987).
Two of the ponds, (the Stabilization ponds) received mainly raw
sewage influent fromthe University halls of residence while

the other two receive nainly underground water.

Sanples collected at nonthly intervals were anal ysed for
suspended al gal taxa and standing crops and physi co-chenica
properties which included, tenperature, pH transparency,
conductivity, magnesium potassium sodium calcium dissolved
oxygen, Biochem cal oxygen denand, dissolved iron, phosphate
phosphorus, nitrate nitrogen, silica and alkalinity ponds were
conpared on the bases of these properties. Physico-chem ca
properties varied frommonth to nonth. There was a general in
increase in the concentration of cations possibly due to
evaporative concentration. The Kubanni pond had the |east
concentration of ions generally, though it had the highest |eve
of silica. The Stabilization ponds had the hi ghest concentration

of phosphat e- phosphorus and ni trate-nitrogen.

The lists of constituent nenbers of suspended al gal
communities present in the sanples are presented along with their
abundance, frequency, distribution and bi omass. The distribution
of algal taxa in the ponds reflects the state of physico-chenica

properties and organi c enrichment.



O the basis of the magnitude of total bionass of ngjor
al gal groups, the ponds were conpared. The Chl orophyta were
the predomnant algal group in the By Pass pond, while the
Cyanophyta were predominant in the Sabilization ponds. The

Baci | | ari ophyta (diatons) predomnated in the Kubanni pond.

The strikingly higher bionass of suspended al gae in the
Stabilization ponds, portray a higher trophic (organic enrichment)
| evel than the other ponds. The Kubanni pond had the | east

al gal e bi onass.

Pearson's correlation coefficients of relationship between

physi co-chenmi cal properties and algal biomass in the ponds are

presented and di scussed.
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CHAPTER  OHE

1.11 IHTRODUC TTON

The term ‘ecology' which is now taken to mean the study of
inter-relationships belween organisms, or between organisms and
their environment was first used in a scientific way by Haeckel
(1870), An organisms environment embraces the physical, chemical

and biological variables of the habitat.

Ireshwater systems are self sustaining ecosystems. They
are categorised into two: lotic (running) and lentic (standing)
waters, Sometimes these are not readily separable because many
running waters have standing water in their system whilst most
standing waters receive several running water systems and emply
their waters via a single running outflow (Maitland, 1978). The
composition of freshwaters is dependent on the geology and nature

of the basin of the catchment area.

Algae are normal inhabitants of surface waters. They grow
suspended (phytoplankton) or attached to other objects in the water
(periphyton) such as stones (epilithon), sand or mud (epipsammon)
or other plants (epiphyton). They are primary producers and
conslitute the base of the food pyramid on which other forms of
aquatic life depend. Bowker and Deny (1976} showed that algal
communities contribute much to the food chain and production of
herbivorous fish in Myumba ya Mungu reservoir, Tanzanla. [ish
(1955) andfryer (1961) reported consumption of phytoplankton by

Tilapia in Lake Victoria. It shows then that the role of algae



in the development of communities can nol be over-emphasized.

Since algae constitute part of a chain of aquatic life,
whatever alters the number and kinds of algae, affects all the
other organisms inecluding fish. Factors affecting development
of algae in an aquatic system are the system's size, shape, depth, amount
of shore-lines, character of the bottom, physiography and soils
of the water shed, amount and rate of precipitation sunlight and
quality of water. Hence the state of a given community results
from the actions of these complex environmental physico-chemical
factors on the organism which have their own biological rythm and
also exert mutual influence on each other (Kawecka, 1950). fresh-
waters among other aquatic systems, offer a distinct advantage
in the integration of community inter-relationships in that they
provide a relatively simplified ecosystem when considered as

individual units.

Studies of community structure have been useful In recognizing
how different ecosystems are organized (May, 1976) and have
provided insight into the complexities of aquatic communities

(Patrick, 1971).

Hosl investigations of aquatic algal communities in Africa
generally, and Higeria in particular have been limited to large
bodies of water. Those on rivers include the works of Brook and

Rzoska (1954), Biswas (1968), Egborge (1974), Karim and
Saeed (197%), El-Ayouti and Ibrahim (1980) and Sinada and Karim

(19584}, The orks on lakes include Biswas (1972a, b & ¢) Adeniji



(1973), Vareschi (1982), Hancock (1979), Hecky and Kiling (1986),
Kalff (1986), Talling and Talling (1986) while those on reservoirs
include Coche (1974), Imevbore (1967), Anyam (19280}, Khan and

Eiike (1984a and b). In Zaria, the studies available, with respect
Lo freshwater bodies, are those of Adegbenro
(1970), Akaahemba (1976), Ndaman (1978), Anvam (19580) Etuk (1984},
Abba (1985) and Sule (1985). There is no comprehensive study

of algal communities in Zaria ponds.

1.12 Research Objectives

The objectives of this research work are to determine and

to compare:

(i) the physico-chemical factors of four selected ponds;

(ii) the occurrence, distribution, and blemass and biomass
of suspended algae in the four ponds;

(iii) the relationships between physico-chemical properties ond
suspended algae in the ponds;

(iv) the level of organic pollution in the ponds, using Biomiss and Lthe

distribution ofvindicalor species"as indices.

Also Lo present a species list in contribution towards a check-list

of algae in Zaria ponds.

.13 Justification

Algae are major food producers of aquatic envirenments and
are fundamental in the food chains which support the fauna of these
ecosystems. They also contribute to the production of oxygen
which is vital for metabolic and chemical reactions within the

system. Certain algae are involved in biological purification



of organically polluted waters(Palmer, 1980). Some are used as
pollution indicators, because they are able to flourish in polluted
waters even when other species succumb (Palmer, 19680). Therefore
a knowledge of their occurrence, distribution and the physico-
chemical factors that govern their lives, will give an insight

into the complex interations they are involved in. An attempt

is therefore made in this investigation, to study these aspecls

of algal ecology in the aquatic ecosystem, and also to use the
occurrence and distribution of pollution'indicator species' to

assess the trophie status of Lhe selected ponds.

During the rainy season, the rapid influx of rain water into
aquatic systems causes dilution of nutrients (Imevbore 1965,
Imevbore and Adegoke 1970, Henderson 1973). Though in situations
where such run-offs are loaded with nutrients, rather than dilute, they
may increase the nutrient load in the recelving water body {Deadle 1974},
Contrarily, the dry season is absolutely free from rainfall and
its characteristic low humidity results in high evaporation rate,
causing concentration of nutrients in aquatic 5ystem%/ (Creen,
1974). The differences between these two seasons are more
pronounced in the northern part than in the southern part of
Higeria. Water retention time is higher during the dry season
than during the rainy season (Biswas, 1966). This provides enough
time for growth of aquatic orqanism;%other conditions being
favourable). During the peak of the dry season dust-haze reduces
insolation and visibility to less than a ! km. There are however
spells of bright sunny weather (Mortimore, 19270). Hence organisms
requiring sunlight could obtain an appreciable exposure to solar

radiation.




In addition to the foregone, there is a paucity of
information relating to freshwater ecology of suspended algae
in Zaria ponds and lack of a comprehensive checklist of the
algal flora of Zaria in particular and Higeria in general. This
lack of information on the Zaria algae motivated this study,
with a view of contributing to the existing body of knowledge

in these respects.

1.14  Research lypothesis

If there is variation in physico-chemical factors between
the ponds then the distribution of the different algal taxa will

vary accordingly.



2.1 LITERATURE  REVIEW

The CC(‘}IOgy of 51]5;){\3”(1{\_(] c'il(_]c][? is one of the most
intensively studied areas of limnology, and many moréiinvcstlgations
in this diverse field have been conducted in recent times.

(Wetzel, 1964).

In Africa, an appreciable number of investigations on the
ecology of freshwater algae, have dealt with the seasonality
aspect, The first assessment of phytoplankton seasonality stems
from collections made in 1592 by the Fulleburn expedition to
Lake Hyasa, gﬁﬁﬁlalor Lake Hala@}. The samples of phytoplankton
were analysed quantitatively by Schmidle (1902) who graded the
abundance of component species and combined results from various
northern stations in his table of seasonality. Although not
strictly quantitative, at least one of its features - the marked
abundance of the main planktonic diatom, a Helosira sp during the
coolest season - was to be of significance in later work (Talling,

1986).

In South Africa, Schuurman (1932) followed plankton
periodicity during 1926 - 1928 In a small artificial lake at
Johannesburg. Abdin (1248a,b&c) likewise studied seasonal changes
in the phytoplankton of the Aswan reservoir (1942-1944) and the
Nile near Cairo (1941-1942). Both studies were limited by the
use of nets for sampling (net sampling is selective, some important
Laxa are missed as they may pass through the meshes). Abdin (1945a
(following Pearsall) expressed the results only in terms of relative

(percentage) representation of species.



Instead of previous dependence on neLs, iodine
sedimentation was first used to concentrate cells about 1949 - 5l
by Fish (1952, 1957) and Gayral (1954). The former used Utermohl
inverted microscope to follow population changes in Lake Victoria

as early as 1950.

After 1950, available methods for measuring relevant
environmental variables were more widely applied in studies of
algal ecology (Talling, 1984). In this respect, physical
measurements (e.g temperature, transparency etc) were generally
in advance of chemical ones (e.g of algal nutrients). Therefore,
possibility for interpretation was advanced by chemical assessments

of crop composition (e.q Prowse and Talling, 1958; Viner, 1977).

Quantitative studies of algal population in relation to
environmental changes includg"the work of Hart and Hart (1977)
in Lake Sibaya. In the Aswan Reservoir Abdin (1948c; found that
that phytoplankton was subject to wash-oul during the flood
season. Blue green algae were remarkably sparse, but a variety
of green algae (e.q Volvox species, Pediastrum species) were
well represented, The information obtained here and at Cairo
(Abdin 1948a,b) on seasonal changes in nutrients (nitrates,
phosphates, silicon and alkalinity) was apparently the first for

any study of phytoplankton seasonality in Africa (Talling, 1986 ) .

Biswas (1969), 1972) recognized the Dry and Wet seasons

as periods of most general changes in environmental conditions



influenced by water through-put and disturbance of water layers
by harmattan wind. In her studies of two small reservoirs in
Kenya that were strongly influenced by increased run-off during
the wetter seasons, Lind (1968) peints oul that the nutrient
status of run-off water could he very variable, according to the
type of catchment area and that for this reason alone both
positive and negative effects on algal growth were possible.

In a small reservoir of very low nutrient status in Malawi, the
generally low development of phytoplankton was found by Hoss
(1970) to be related to the small retention time. During the
drier season however, retention was apparently long enough to allow

Jf

an appreciable population of Chlamydomonas species..

In Nigeria (West Africa, the published studies on algal
ecology are as follows, Mills (1932) gave a description of some
diatoms from the mangrove swamps of Varri. Imevbore (1965)
prepared a preliminary check-list of the planktonic organisms of
Lleiyele reservoir. He described the hydrology and planktonic
algae (Imevbore i968) of the Eleiyele Reservoir in Western HNigeria.
Khan and Ejike (1984a and b) presented some aspects of the limnology
and ecology of plankton in Jos Plateau Valer Reservoir, Anyam (1980)
compared the water chemistry and plankton density of two man-made

lakes near Zaria.

In terms of suspended algal ecology, the pond ecosystem is

one that has been rather neglected. ilost studies have been



concentrated on larger bodies of water such as lakes and
reservoirs, as indicated above. There are very few studies that
have considered the ecology of suspended algae in ponds in Zaria
for example. Akaahemba (1976) surveyed fresh-water algae in the
pools around the Lebanon club, and in Samaru stream near Zaria.

He observed a limited range of algae in the pools; Chlorophyta and
Chrysophyta were Lhe only groups represented. He attributed this

to the nutrient status of the water. Uedogonium sp and Ankistrodesmus

sp were well distributed but restricted to the Lebanon elub pools.

Some ponds in Zaria City and the Samaru stream, were investigated

for algae, by Ndaman (1278). He observed that the algal communities

in both Zaria City ponds and Samaru stream were similar. MNavicula

spp were found to be common at the pollution outfall, where
concentration of nutrients is high. The algae identified were very
few. Another survey of algae in polluted waters in Zaria was

conducted by Sule (1985). The selected sites were a stagnant pond {the
By-Pass Pond), Samaru stream and a gutter. The aim was Lo survey

the algae and relate them to the physico-chemical properties prevailing
in these ecosystems. The stagnant pond had the highes! number

of algal taxa (50}. Scenedermus and Haviecula were found to be

common. The stagnant pond was alkaline but had the lowest

conductivity values. This was attributed to the pond receiving
underground water while the stream and gutter received domestic

wastes with high salt content which gave rise to high conductivity.
Phosphate values for the stagnant pond were also the least.

The alkaline nature of the stagnant pond, was stated as the reason
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for sustaining a more prolific growth of algae. The Palmers index
(Palmer, 1280) for pollution determination was applied to the
three aquatic systems. The stagnant pond was rated least
polluted. These studies of aquatic systems in Zaria have dealt
mainly with determining algal taxa present in samples, paying

very little attention to physico-chemical properties and variation
in the standing crop of algae present in these aquatic systems.
Moreover identifications of algae have been done Lo generic level
only, thereby giving a shallow insight into the nature of the
composition and distribution of algae in these investigated

aquatic sysLems.

Thus, a more detailed study of at least a few ponds is
necessary to give more insight into physico-chemical properties
distribution of algae and the relationship between these two sels
of variables and to contribute towards a check-list of algae in

lZaria aquatic systems.

Physico-chemical properties,

Literature show that there is a connection between the
development of algae and the amount of certain mineral substances
in the water, a connection based on the fact that an appreciable
change is registered in the amount of Lhese substances at times
of maximum plankton growth. A clear case of this kind is the
relation between abundance of diatoms and the silica content
of the water. The diatom maxima follow the maxima in

the silica content of the water because the utilization
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of this substance by diatoms caused a corresponding decrease In

the silica content (Moss, 1251; Sommer and Stabel 1983). Pearsall
(1932 ), as a resull of his detailed studies of some [nglish

lakes, reported that diatoms were more abundant in silted lakes
than in rocky lakes. The silted lakes have more silica in solution
than the rocky lakes because more silt in suspension offers greater
opportunity for disolution of silica and hence more of Lhis
substance will tend to be present in the waters. CGreen (1975)
explained that values of calcium and magnesium decreased during
period of high phytoplankton density probably as a result of
biological deposition during photosynthesis. Low and undelectable
levels of nitrate and phosphate in lakes have been associated with
high rate of algal growth (Prowse and Talling; 1955, Bishal 1962;
Woodson and Core 1968; Beadle 1974). Moss (1951) attributed the
reduction in phytoplankton during spring to nitrogen depletion.
Linsele (1944) found that phosphate added to water disappeared

in a few days having been taken up by algae. Moss (19581)

reported an inerease in phytoplankton density, following an in-flow
of phosphorus rich qull excreta from the catelment into the Hickling

broad, MNorwich.

Alkaline ponds have been found to support more luxuriant

growth of algae than acidic ponds (Woodson and Gore 1968).

High dissolved oxygen has been attributed to high phytoplankton
activity (Talling, 1957b; Prowse and Talling 1958; Schmidle 1969).
Temperature has been shown by Holand {1932 to influence the frequency

of diatoms. An increase in density of algae have been shown to occur
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with increased illumination (Egborge 1974, Jewson and Taylor
1978). 1In their studies of the Fast African Lakes Worthington
and Ricardo (1936) observed a relationship between PH and
distribution of phytoplankton. Holdway et al, (1978) explained
that large volume of algae lead to fast removal of free

carbondioxide for photosynthesis thereby causing an increase in

pH.  On the other hand, the decomposition process has been shown
to lower PH, because as decomposition progresses, more carbondioxide

results (Talling 1957a).
Plankton distribution has also been found Lo correlate with
values of parameters such as secchi disc transparency, nitrogen

and phosphorus concentrations (Tiren, 1974).

Suspended algae

Algae have been sampled for different reasons and for various
purposes over a very long period. Originally only a few real
plankton algae could be studied and described, due to poor
microscopical equipment, but during the nineteenth century,
revolutionary advances in microscopy resulted in descriptions of
most of the algal genera known at that time {(Willen, 1979)}. The
actual sampling of suspended algae is a simple task, but the
careful analyses which are necessary, make comprehensive studies
very time consuming (Willen, 1979). Lvaluation of the number of
individuals is appropriate for studies considering population

dynamies, diversity and structure af ecosvstems (Vollenweider (19274).
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Algae populations differ greatly in size, and for this reason

cell number does not give a true picture of the actual biomass,
therefore the number of individuals of each species must be multiplied
by the average cell volume (Vollenweider, 1974). Volume is calculated
using the geometric shape that best suits the shape of the species
(Kristiansen 1964; Kovala and Larrance 1946; Vollenweider, 1974;
Gorham et al. 1974). This gives a fairly good assessment of biomass
(standing crop). Before counting can be effectively done, suspended
algae must be concentrated. Gorham et al. (1974) used the
sedimentation technique for algae concentration, He viewed at X100
magnification. They expressed abundance of algae as individuals
(colonies or filaments) per ml. Priddle and Happeywood (1983} also
used this method in expressing abundance. Both fresh and fixed

materials have been used for analyses of algae (Kristiansen 19264).

The knowledge of special ecological demands of individual
organisms and groups have led to the use of phytoplankton as
indicating the trophic status or quality of the waters (Willen,
1979; Palmer, 1980,. Biomass values can be used as basis of a
classification into different trophic levels. Ranberg (1976)
related biomasses of Swedish lakes with their nutrient content.

The occurrence of one or several indicator species (without
any detailed quantitative analyses) have been used by Kolwitz and
Mirsson in the saprobic system of classification of aquatic systems

(Willen, 1979).
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CHAPTIR  THREL

MATERIALS  AND - METHODS

3.10 GEHERAL DESCRIPTION OF THE INVESTIGATED AREA

3.11 Some Aspects of the Geography and Geology of Zaria

Zaria 1103'N, 7°42'E is located on a plateau (640.08m) above
sea-level in the centre of northern Nigeria and is more than
(700 km) from the sea. It possesses a tropical savanna climate
with distinct wet and dry seasons. They rainy season lasts seven
months from April to October and the dry season lasts five months

from Hovember to March.

The Zaria area is on a dissected portion of the Zaria-Kano
plains, an extensive peneplain developed on crystalline metamorphic
rocks on the Nigerian basement complex. Residual granite inselbergs,
the largest of which is Kufena Hill, provide the main relief and

there are low quartzite ridges on the west (Hortimore, 19270,.

3.12 Type of Soil: Implication for Aquatic Systems

Host of the soil in Zaria contain 30 - 40% of clay and this
allows for good moisture retention. The solls are poor and cannot
sustain intensive agriculture for long periods without the use
of fertilizers (Mortimore, 1970). Fertilizer application to
farmlands has its implications on aquatic life. fertilizers are
plant nutrients and are usually added to farmlands in excess of
the crop requirements (Anyam, 1980}, The excess fertilizers are
washed by rain into inland bodies of water either by surface run-offs

or through underground scepages (Biggar and Correy, 1969).
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Beadle (1974) showed that such run-offs increase the nutrient

level of the aquatic system al their destination.

3.13 The Dry Season

The dry season which lasts from late October to March in
most years occurs when the dry dusty continental north easterly
winds replace the moist south westerlies. In some years the
arrival of harmattan wind characteristic of the dry season is
very abrupt, it may be experienced before the rains really end.
The relative humidity drops from 60 - 65% to belween 20 - 25% and
dust haze may overcast the sky and reduce visibility to less than
a quarter kilometer on some days. lowever, this dense harmattan
dust rarely lasts continuously for more than four or five days
even during the peak of the dry season. This season is also
characterized by low temperatures especially al night when
temperatures may drop below 10°¢ (Mortimore, 1970). The water
temperatures at Zaria drops to 18.09°C (Anyam, 1980) at this time

of the year.

3,14 The Investigated Ponds

Four ponds were selected for this study. Two of the ponds
are part of the Ahmadu Bello University Sewage Treatment system,
the third is located downstream after the Kubanni Lake. The fourth
pond is situated close to a residential arca on the Zaria by-pass

road. (Plate 1).
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3.14.1 The stabilization ponds

The University sewage system consisls of a screening tank
and three open air stabilization ponds in a set, There are
two sels of three ponds each, which work either alternately or
simultaneously. Sewage from the residential arcas (Hostels)
is channelled to a screening tank where grit is removed. From Lhe
sereening tank, liquid waste, rich in organic matter, is passed into
the first stabilization pond where it is retained for two weeks.
From here the waste is directed into Lhc second pond and then

into the third, each allowed 7 days retention time.

During the retention time biological purification of the
organic matter takes place. The waler appears green with algal
growth (algal bloom) which provides oxygen for acrobiec breakdown
of the organic matter by bacteria. By the time the water leaves
the third stabilization pond, it is considered safe enough to be
channelled into the Kubanni stream (Dr Okuofu, Pers. Comm. .

The stabilization ponds have a mean depth of about 1.5 m and a
surface area of about 10,098 m?. The shores are bordered by low
herbaceous weeds. In this study, water samples were collected
from ponds one and three because they represent the initial and

final stages of treatment, and should contrast well.

3.14.2  Kubanni pond

The Kubanni stream was dammed in 1273 to form a lake (Kubami
lake) which supplies water for domestic use to the University

community. After the dam wall downstream, a pond is formed which
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is referred to as the Kubanni pond and forms the head of the
Kubanni stream after the dam. The pond has a mean depth of
about 3 m and a surface area of 2,414 mg. It is bordered partly
by a concrete wall and partly by earth which is overgrown by

herbaceous weeds.

The pond has water throughout the year, This is because
it is supplied by underground scepages below the dam wall. During
the rainy season it has additional supply of water, from the
reservoir's spill way and through surface run-offs. The pond water,
like that of the main reservoir is turbid throughout the year (Anyam,
1980). The turbidity is probably caused by the particles of ferric
compounds resulting from the iron-stones which underlie the soil of
the catchment area (Anyam, 1980), Petty fishing and swimming

go on in the pond occasionally.

3.14.3 The by-pass pond

The by-pass pond is situated along the Kaduna by-pass highway
in Zaria. It is located close to the Kaduna state low-cost Housing

Estate near Zaria Hotel., It contains water throughout the year.

It has a mean depth of about 2 m during the wel season and
a surface area of 1,561 mz. It has an underground source of water
supply. The water table in this area has been shown to be high
(Mortimore 19270). It receives surface run-offs during the rainy

season and very little sullage (domeslic waste water) from the

neighbourhood. Although it receives surface run-off water, during
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the rainy season, the pond water is clear for most of the time.
This is probably because of the absence of iron clay in the
catchment area. Most of the shorelines have herbaceous weeds and

includes a dense vegetation of Typha australis Schum & Thonn.

The surface of the pond is partially covered by aquatic

macrophytes (especially Hymphea lotus linn, and Pistia stratioles

linn). However, by the peak of the dry season, the density of the
macrophytes, reduce considerably. Occasionally, cattle visit

the pond for watering.

3.2 SNIPLING
Sampling was done at monthly intervals. Prior to sampling
days, polyethylene and glass wares werce thoroughly washed with
either liquid soap or chromic acid, depending on the analysis to
be performed. They were then properly rinsed with distilled water
and kept dust free. Values for wind run, sunshine hours and
relative humidity for the sampling dates were collected from the

Institute for Agricultural Research, Weather Station.

All containers were given a final rinsc with the pond water
before sample collection. Subsurface waler samples (as suggested
by APHA 1285 for shallow aquatic systems) were coliected at about
30 cm depth, and 1 m away from the shores., Kilner glass jars
(Approximately 400 ml capaclily) were used to collect samples for
algal analysis, dark brown glass bottles (250 ml) for PH, dissolved
oxygen (D0) and conductivity determinations. Samples for other

chemical determinations were collected and stored in polyethylene
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Jars (400 ml). Standard Biochemical Oxygen Demand (B.0.D)
bottles were used to collect water for 0.0.U determination.
Samples for chemical and algal analyses were collected from Lhe
same location to ensure maximum correlation of findings (APHA,
19585). Based on the assumption thal algae are uniformly
distributed at the subsurface level of the ponds, single samples
were collected by dipping the appropriate container into the
water by hand, and allowing it to fill to the brim before removal.
After filling, the containers were all tightly stoppered to prevent
any gaseous exchange with the atmosphere. They were then duly
labelled and placed in subdued light in an insulated ecold box
containing ice block, The samples were then transported to the

laboratory within the shortest possible time for further treatment.

3.21 ANALYSES OF PHYSICO-CHEMICAL PROPERTILS

femperature

At Lhe sites, shade, air and water temperatures were measured

in situ with a mercury thermometer.

Iransparency

The transparency of the water was estimated using a 30 cm
diameter Secchi dise, with alternating black and white quadrants.
It was lowered gently into the water and allowed to sink to a
depth where it just &isappeared from sight and reappeared. The

depth at which this occurred was noted.
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pH

The PH of water samples from the ponds was determined in
the laboratory with a Pye Model 292 Unicam P! peter, pre-warmed
for over 30 minutes and pre-calibrated with standard buffer

solutions (PH 4.5, 7 and 9).

.Conductivity

The conductivity of the samples was nmeasured with a Hofelt
Den Hag CDM3 conductivity Meter corrected Lo 25°C and of cell

constant 0.316 = 1 em. Values were recorded in umhos/cm.

.Dissolved Oxygen and Biochemical Oxygen Demand

Dissolved oxygen determination was conducted with a
pre-calibrated YSI Dissolved Oxygen Meter itlodel 57. (See Appendix
21 for the manufacturers procedure for calibration of the dissolved

oxyvgen meter).

Samples for BB 0 D determination were first analysed for
dissolved oxygen. Any sample with low D 0 was agitated
vigorously by hand in a large container for about 20 minutes to
increase its D.0 level. The agitated water sample was returned
to the B 0 D bottle. The new D.0 level was then measured and
considered as the initial D.0 measurement. The 5 0 D bottles were
then covered with aluminium foil and kept in a dark incubator

(to prevent the algae from photozynthesizing) set at 20°C for
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5 days, at the end of which the samples were again analysed for
dissolved oxygen, This is considered the final D.0 measurement.
The difference between the two dissolved oxygen concentration
values gave an estimate of the B 0 D 5 days of the samples

(APHA 1985, modified).

Alkalinity

Alkalinity was determined according to the method of
Lind (1974), by titrating 100 ml of an unfiltered water sample
with standard 0.02 N sulphuric acid using phenolphithalein and
Bromocresol green-Methyl red indicators. Colour change was from

light blue to light pink,

Total alkilinity was calculated using the formula:

quuCos per litre B x M x 50,000 B x 1,000 = B x 10
= ml sample 100

Total alkalinity

where:

B - Volume of titrant from start to

PH 4.5 Bromocresol green/Methyl red end point.

N = Hormality of the acid.

Reagent preparation

Phenolphthalein indicator solution was prepared by

dissolving 0.5 g phenolphthalein in 50 ml of 9505 ethyl aleohol.



50 ml distilled water was then added, mixed and then weak sodium
hydroxide solution was added dropwise until a faint pink colour

appeared.

To prepare a stock sulphuric acid solution, 3 ml of concentrated

HZJOQ

solution.

was diluted to I litre giving an approximately 0.1 N

Standard sulphuric acid solution was prepared by making
200 ml of 0.1 M stock solution up to 1,000 ml with distilled

water to give 0.02 Hl solution. Standardized against Ma2?03.
Methyl red/Bromocresol green indicator solution was
obtained by dissolving 0.02 g of methyl red, and 0.10 g bromocresol

green in 100 ml of 95% alcohol (Lind, 1974).

Soluble lutrients

Samples for determination of soluble nutrients were
filtered using double Whatman filter paper in a Buckner suction
filtration apparatus. Where analyses of samples were to be delayed,
they were refrigerated/frozen and allowed to thaw properly to
room temperature before analysis. Refrigeration/freezing

retard further chemical changes in the samples (Lind, 1974;

Vincenl, 1983 and APHA, 1985),
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Cations

Cations were analysed using a Pye Unicam Atomic Absorptlion
Spectro-photometer. The absorbance technique was used for
Caleium, Magnesium and Iron, and the emission Lechnique for
Sodium and Potassium (APHA 1985). Iron was also determined using
the Parkin ELlemer Atomic Absorption Spectrophotometer since it was

nol detectable with the Pye Unicam Atomic Absorption Spectrophotometer.

Orthophosphate (Phosphate-Phosphorus)

The orthephosphate analysis procedure described by Lind

(1274) was adopted for this determination.

One drop of phenolphthalein indicator was added to a 50 ml
sample. When a pink colour appeared, strong acid solution was
added, dropwise until the colour disappeared. HNHot more than 5
drops of acid were added. 8.0 ml of'mixed reagent' was then
added to the sample and mixed thoroughly. After 10 minutes,
the absorbance of each sample was measured at 880 or 620 nm in
a Bausch and Lomb Spectromic 20 spectrophotometer, using the
reagent blank as the reference solution. The reagent blank and
the sample were subjected to the same procedure. Contamination
al any step of the procedure showed up as a blue colouration in
the blank. The coneentration of phosphorus in each sample was

determined from a standard phosphorus calibration curve.

mg Phosphorus -1 - mg Phosphorus from curve x 1,000
ml sample

Reagent preparation (phosphate phosphorus)

Distilled water stored in a polyethylene container was

used for all reagent blands. The phenolphthalein indicator
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used in this analysis was the same as that for alkalinity

determination.

Sulphuric acid solution was prepared by adding 7 ml
concentrated sulphuric acid to distilled water and making this
up to 5 ml. Ammonium molybdate reagent was prepared by dissolving
40 g (”Hq)é M07024. ﬂHzﬂ in 160 ml of distilled watér. This was
refrigerated in a pelyethylene bottle. Potassium antimonyltartrate
was prepared by dissol#ing'1.3715 g potassium antimonyl tartrate
(K (5h0) L‘4 H4 06 . 0.5 HZO} in 400 ml of dis%illed water, and
made up to 500 ml in a volumetric flask, and stored in a
polyethylene bottle in a refrigerator. Ascorbic acid solution
was obtained by disselving 1.76 g of ascorbic aclid in 100 ml
distilled water. This was stored by freezing in a polyethylene
bottle. Strong acid solution was prepared by adding 30 ml
concentrated sulphuric acild slowly to 60 ml distllled water.
Mixed recagent was prepéred by adding 5 ml potéssium antimonyl
tartrate solution to 50 ml of the sulphuric acid solution and
mixed., 15> ml of the ammonlum molybdate solution was then added

and mixed. 30 ml ascorbic acid solution was also added and

mixed. This reagent was prepared fresh for cach set of analyses.

To prepare stock phosphorus solution, where 1.00 ml contains
0.05 mg phosphorus, 0.2197 g potassium dlhydrogen phosphate
(KHZPOQ) oven-dried at 105°C for 1 hour, was dissolved in distilled water,
and made upto 1.0 Litre and im! c¢hloroform was added as preserQative,

The sclution was stored in the dark under refrigeration. This



solution can remain stable for several months (Lind !974) Standard
phosphorus solution (1.00 ml = 0.5 ug phosphorus) was prepared
from the stock phosphorus solution by diluting 10.0 ml to 1.0

1 with distilled water.

Standard Curve for Phosphorus

Standard phosphorus solution (1.00 ml = 0.5 ug P) was diluted

as follows:

ml of standard solution Phosphorus concentration

made up to 50 ml ug [

with distilled water

0.5 5
1.0 10
3.0 30
5.0 50
10.0 100

The absorbance values obtained were used to plot a standard

phosphorus curve.

Mitrate-llitrogen

The phenoldisulphonic acid method (APHA 1966) was used for
the determination of Mitrate-nitrogen concentration in the water
using steel crucibles.
samples /100 ml of water sample was evaporated to dryness on a

water bath, and 2.0 ml of phensldisulphonic acid were added to
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the residue and allowed to stay for 10 minutes. Then 10 - I5 ml

of distilled water followed by 5 ml strang ammonium solution were
added, The yellow mixture was stirred and allowed to cool.
Absorbance was measured at 410 nm with a Dausch and Lomb Spectronic
20 spectrophotometer, using distilled water as a blank. The
concentration of nitrate-nitrogen was read from the calibration

curve,

Preparation of a standard curve for litrate-ilitrogen

Stock nitrate solution was prepared by dissolving 0.7218 g
anhydrous potassium nitrate (KNUB) in distilled water and making
this up to 1,000 ml. This selutien contains 100 myg L_1 nitrogen.
Standard nitrate solution was prepared from the stock nitrate
solution by evaporating 50 ml of the stock nitrate solution to
dryness on a hot water bath, The residue was dissolved with 2.0
ml phenoldisulphonic acid reagent and diluted to 500 ml, with

distilled water (1.00 ml = 10.0 ug nitrogen).

for the standard nitrate-nitrogen curve, standard nitrate
solution was diluted to give a range of 0.0 - 10.0 mg L3 ni trogen.
This range was achieved by making 0, 5, 15, 25, 35, 50, 75 and 100
ml of standard nitrate solution up to 100 ml with distilled water.
This gave the following concentrations respectively O, 0.5, i.5,
2.5, 3.5, 5.0, 7.5 and 0.0 mgldl. These standards were run in the

spectronic 20, and values obtained, used in plotting the curve.

The concentration of nitrate-nitrogen in the samples was

calculated thus:
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mg (=4 nitrate-nitrogen - mg nitrate-nitrogen from curve x 1000

ml sample

Silica

Silica concentration in each sample was determined according
to the method described by Lind (1974). 1In this procedure both
phosphorus and silica react with molybdate to form acids. However,
the addition of oxalic acid destroys the molybdophosphoric acid,
leaving only the molybdosilicic acid, which produces a yellow
colour proportional in intensity to the concentration of silica.
The reagent blanks were also run through the same procedures,

including filtration, so as to compensate for any contamination.

To a 50 ml filtered sample, 1.0 ml 1 + 1 V/V HCI and 2.0 ml
ammonium molybdate reagents were added in rapid succession and mixed
by swirling. After standing for 5 - 10 minutes, 1.5 ml oxallc acid
solution was added and swirled, After 2 minutes, 2.0 ml of reducing
agent was added and mixed. The blue colour developed after 5 minutes
was measured using l-cm matched tubes with a spectronic 20
set at 650 nm. Silica concentration was then determined from a
standard curve prepared from dilutions of silica standard solution
(1.00 m1 = 10.0 ug 5102). Silica concentration was calculated

using the formula:

my -4 5:0 - mgSL0, from standard curve x 1,000

2 2

ml sample.



Preparation of Reagents

Hydrochloric acid 1:+1 V/V was prepared by adding and mixing
equal volumes of concentrated hydrochloric acid and deionized

water.

Ammonium molybdate, solution was obtained by di;solving
5 g of ammonium molybdate ((”“4)6 MU24 HH?O) in deionized water
warming slowly and then diluting to 50 ml. The PH of this solution
was adjusted to 7 - 8 using ammonium hydroxide solution. The

solution was stored in polyethylene bottles,

Oxalic acid solution was prepared by adding 5 g of Oxalie

acid (H,€,0, .2H,0) to deionized water and diluting to 50 ml.

e 2
Reducing agent was prepared by dissolving 0.5 g of l-amino-2-

naphthol-4-sulphonic acid and lg anhydrous sodium sulphite

(Na?SUJ) in 50 ml distilled water. This was added to a solution

of 30 g sodium bisulphite (UaHSU3} dissolved in 150 ml distilled

water. The mixture was filtered into a polyethylene bottle and

then stored in a refrigerator. When this reagenl became dark

coloured, it was discarded for a fresh one.

Stock silica solution was prepared by dissolving 4.73 g of
sodium metasilicate pentahydrate, (Hazﬁi]j.SHEU) in recently

boiled and cooled distilled water and diluted to 1,000 ml, This

contained 1,000 mg L-1 Si02. The stock solution was stored in a

tightly stoppered plastie bottle,



from the stock, standard silica solution was prepared by
diluting 10 ml to 1,000 ml with recently boiled and cooled
distilled water. This solution contained approximately 10.0

mg L™ S50, or 1.00 ml = 10.0 §10, (0.010 mg $10,).

Preparation of a standard curve for silica

0, 5, 15, 25, 35, 50, 75 and 100 ml of standard silica solution
were’ﬂilutcd to 100 ml. The silica concentratioﬁ:of whichI}% 0,
0.05, 0.15, 0.25, 0.35, 0.50, 0.75 and 1.00 g réspcctively. Their
absorbances were measured with the spectronic 20 and values plotted

on a graph to give a standard silica curve.

3.22 Analyses of algae

Enumeration of algae in natural water bodies is difficult
except samples are concentrated., Sedimentation is a preferred
method of concentration because it is non-selective (as would be
the resull wilh filtration) and non-destructive (as would result
from centrifuging) (APHA, '985), Samples for analyses of algae
were treated with Lugol's solution (iodine with acetic acid)
which incidentally is the best algal preservative yet known
(Vollenweider, 1974). It was added to the sanple in the ratio
1:100 part of sample. The solution stains chromatophores and
pyrenoids of algal cells and shows flagella and cilia well thereby
facilitating counting and identification. It also inecreased the
weight of the algae which aids sedimentation. The rate of
sedimentation depends on the height of the water sample column.
In this case, the Kilner (400 ml) jars uscd were low, about 8 com
in height. lence, sedimentation was fast. lowever, analyses of
algae in the samples were reserved till 2 - 3 weeks later when it

was convenient, especially when chemical analyses had been completed.
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The preserved and sedimented samples were concentrated by
carefully decanting a known volume of the supernatant and shaking
the concentrate (also of known volume). An aliquot of 1 ml was
withdrawn by quick suction with a wide bore dropping pipette and
introduced into a Sedgewick rafter counting chamber quickly, to prevent
uneven settlement of algae, through one of two openings formed
by a diagonally placed cover slip. As the sample enters through
one opening, air escapes through the other, facilitating spreading.
On filling, the cover slip gyrates to cover the chamber. Care
was taken to exclude bubbles. With quick introduction of #ample,
the distribution of algae within the chamber is considered fairly
homogenous (Vollenweider, 1974). The Sedgewick rafter counting
cell chamber is of 1 ml capacity with a dimension of 20 mm x 50 mm
base x 1 mm height = 1000 mmj volume. The base of the rafter cell
is divided into 1,000 tiny squares (1 x 1 mm) each of which
constitutes a field of view at x 100 magnification on a Wild M40
inverted microscope.

3.23 Qualitative/Quantitative Analyses

The Sedgewick rafter counting cell was Inverted for about
5 - 10 min, to allow algae settle on the cover slip. The inverted
rafter cell was then placed on the inverted microscope and the
general view of the distribution of algae within the rafter cell
noted. A practical knowledge of characteristic features of some
algal taxa gained from a pilot study conducted a month before
sampling, aided recognition of some of the taxa present. The Algae
present in ten fields of view {(each from a transect) from each
sample, were drawn and their dimensions taken, with the alid of

the calibrated eye-piece graticule. As each algal cell was encountered
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in a field of view at x 100, magnification was changed to x 400

for proper viewing of its characteristic features.

Diatoms are best identified using frustule characteristics.
For this it is necessary to clear them of organic matter which is
done through acid digestion, OUne ml of sample concentrate was
taken in a test tube. To this, | ml of concentrated sulphuric acid
was added and shaken. The solution became Lot due to Lhe reaction
of acid and water (no heating was necessary) Patrick and Reimer . 1966).
After 5 minutes, 2 ml of a saturated solulion of potassium
permanganate was added slowly because it could cause vigorous
effervescence. The mixture turned brown or purple and was allowed
to setlle and then shaken Lo assist mixing. After 5 minutes, 2 ml
of a saturaled solution of oxalic acid was added. This causcu
profuse bubblina, The oxalie acid reduccd tie purple or brown
coloured solution to a clear solution, bleaching the Frustules white,
The solution was centrifuged at 4,000 p.o.n for 5 minutes, to
sediment the frustules. The supernatant was poured out to waste.
The residue was resuspended in tap water and then centrifuged,
Lo wash the frustules. Three washings werce nade, Lo reduce the
acidity of the residue lto neutral. Alcohel was added after the
final washing, after most of the water had Leen decanted,  Some
drops of the diatom suspension were evaporated on a hol cover
slip, heated on an electric hot plate adjusted to low heat. A
drap or two of the high refractive diatom nounting medium Hephrax,
was placed at the centre of a microscope slide and the frustule
containing cover slip was inverted over the wmeuntant and heated on the
electric hot plate. Some bubbles were (orned, which disappeared on cooling

The slide was then removed from the hot plate.  On cooling, hard peraanent

mount of eclear diatom frustules was obtained. The slides were then
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vieved on the inverted microscope, Since the contents of the
diatoms had been digested, the markings on the frustules were

clear and identification could be done readily.

Identification of the algae was done with the following
literature: Desikachary (1959), Patrick and Reimer Volumes 1 and 2
(1966), Haughey (1968), Weber (1971), Lind (1971), Prescott
(1975), Watanabe (1977), Cassie and Freeman (1980), and Cassie (1983).
Unidentifiable specimens were recorded as such., In addition to
drawing, microphotographs of some of the algae were taken. Only
one preparation from each sample was analysed. It is regretted
that a statistically high level of accuracy could not be achieved.

The numbcr_aisé.af each kind of alga# encountered in the rafter
squares was recorded. Lmpty cells were ignored since they were
considered dead. Counts were made as unit or clump-count i.e

an algal entity was recorded as oneﬁirrespectlve of being unicellular,
filamentous or colonial. For cells traversing the margins of the
squares, those on the upper and right margins were counted while

those on the lower and left margins were ignored. To obtain counts
of organisms per litre of pond water (population density, Calculation

was as follows:

Organism per litre of pond water - organism mi™} of concentrate x 1000
concentration factor.

where

Concentration factor = Volume of pond water sedimented
Volume of concentrate,

. -1 ;
Organisms ml ~ of concentrate - organism per square x 1,000 squares.
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Using the formula of the geometric shape that best suits
the alga, algal volumes were calculated (Cylinder:ﬂrzh, Cone:
altitude (TTrﬁl, Cube: length x breadth x height, Sphere:
QQT r3, (Kovala and Larrance 1266; Vincent 1983).
Algal biomass was computed by multiplying the volume, thus obtained
by the number (population density) of the particular algae present
in a litre of pond water (Vollenweider 1974; De Seve and Coldstein,
1951). This value gave an idea of the standing crop of algae at
a given time. This method of biomass determination was preferred
because fresh weight method does not give accurate estimate of
biomass because of the variable amount of water in plant
materials. Also, the dry organic weight method over estimates
biomass because of inclusions of bacteria, and fungi
matter (Vollenweider, 1974).
3,24  Abundance

Abundance of algae was calculated by dividing the total
number of a particular alga by the number of fields of occurrence,
and computing the abundance per litre from this by simple
multiplication (Oosting, 1958). In this study, for the purpose
of determining the most widely distributed taxa, abundance values
greater than 1 were considered high. Values of 1 were regarded
as low.

3,25 Percentage frequency

The percentage frequency was obtained by dividing the number
of fields of occurrence by ten (ten fields of view were analysed
qualitatively) and multiplying by hundred. Ffrequency values were
classified thus: 10-30 low; 40-60 moderate; 70-100 high. Abundance
along with frequency have been shown (Oosting 1955) to give an

idea of the distribution pattern of plants,
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Those algae that recorded both high abundace and moderate/high

frequency values were considered most widely distributed.

Bl Plomass J See appendix 22 '
Biomass values and "indicator spec.'ms'uccurrcrtcuf“ul'm-a',I‘,’qﬂ)_{v\crc us€

to assess and compare the trophic status of the ponds. The

Kruskal Wallis non-parametric ANOVA statistic was used Lo analyse

the variation between monthly biomass values in the pends, while

the Pearson's rank correlation statistic was used to determine

the relationship between physico-chemical factors and algal biomass

in each of the ponds, Both analyses were done at 25% confidence

limit with a main frame q!hnr 72 Computer.
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CHAPTER  FOUR

RESULTS

PHYSICO-CHENMICAL PROPERTIES

Values for wind run, sunshine hours and relative humidity,
prevalent during the study period are shown on Table 1. The Horth
tast (N.E.) dry harmattan wind dominated from December 1986 to
February 1987, with the highest run occurring in December. Sunshine
hours mean per week varied from 7.7 (December) to 2.8 (February).
December and February had lower relative humidity values than

January and March. There was no rain during this period (IAR,

1986/87).

There were marked differences between alr and water temperatures
{Table 2 and tiqg. 1). Water temperature was lowest in December
and January in all the ponds,. while air temperature was lowest in
January mainly.

The values of secchi dise transparency in the ponds are shown
on Table 2 and Fig. 2). The highest light penetration was recorded
in the By-pass pond (127 em) in December. The Kubanni pond was
next with very slight variation in transparency (63 - 74 cm).

The lowest Lransparency values were from the stabilization ponds.
(2.6 - 22cm).

PH (Table 2 and Fig. 3) showed little variation during the
study period. The highest values were observed In the stabilization
ponds with stabilization pond three topping at PH 10,10-11,10;

the least values were from the Kubanni pond (PH 6.65-7.43).



36
L -

Conductivity (Table 2 and Fig. %) showed a general increase
from Hovember to March. The By-Pass pond had the highest
conductivity (410-84C wumhos/em) while Kubanni pond haa‘the least
values (182-318 umhos/cm). The conductivity }alucs of the
stabilization ponds were between these.

-

fhe variation in the concentration of dissolved oxygen is
shown in Table 2 and Fig. 5. It lacked consistency. Dissolved
oxygen was highest in stabilizatlon pond three. Variation is
more marked in the stabilizatlon ponds than in By-Pass and Kubannl

ponds.

fFigure 6 shows the variations in the Biochemical Oxygen Demand.
Values for the stabilization ponds were generally higher than
Lthose for the By-Pass and Kubanni ponds.
i
There was a general.Incrvnﬂe in concentration of cations
during the period. Calcium concentration was highest in Kubanni
pond. The highest concentrations of magnesium (Table 2 and Fig. 8)

+ teeonrded from the Kabanni pond, followed by the By-Pass pond.

stabilization Pond One was next while stabilization pond three
I o least values. Sodium concentration (Table 2
I jo 21 owas Nighest in the Oy -’ass pond and lowest in Kubanni pond

Figure 10 and Table 2 show variation in potassium concentration
during the study period. Potassium concentration was lowest in

the ponds in Hovember and highest in January. For the By-Pass and

stabhilization ponds, the concentrations dropped in Febriry.
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in the stabilization ponds (Fig 11 and lTable &).

Values for Hitrate-Mitrogen concentrations are shown in
Table 2 and Fig. 12. Concentrations of Nitrate-litrogen were higher
Lhan those of Phosphate-phosphorus. The stabilization ponds had

higher concentration of Nitrate-litrogen than the other ponds.

Generally, Silica concentrations in the ponds were high
in Hovember and January. Lowest values were recorded in March
(Fig. 13 and Table 2). The Kubanni pond had the highest
concentration followed by stabilization ponds one and three

respectively and the Dy-Pass pond had the leasl values.

The trend in alkalinilty in the ponds (Fi¢. M4 and Table 2)
followed a similar pattern Lo conductivily, cxcept that instead
of a further rise In concentration in !larch, there was a drop.
The By-Pass pond had the highest alkalinity followed by Kubanni

and then Lhe stabilization ponds,

Iron was nolt detectable in any saanble using the Pye Unican
Atomic Absorption Spectrophotometer. Vith the Parkin [lmer Atomie Absorption
Spectrophotometer  dissolved iron was present in traces in the
Bye-Pass pond (March) and Stabilization Pond Three, December and

January, otherwise it was not detectable (Table 2).

4.2 SUSPENDED ALGAE

The biomass of suspended algae in the ponds is graphically
presented in Figure 15. Stabilization pond one had a strikingly
higher algal biomass than the rest of the ponds. The Kubanni pond
had the least values. Peaks in algal biomass occurred variously

during the study period.
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Most of the major groups of algae were represented in the
ponds although only the Chlorophyta, Cyanophyta and Bacillariophyta
were fairly constantly present in each sample. Others were either
sparse or absent altogether (Table 3). The Chrysophyta, Fuglenophyta
and Pyrrophyta were almost exclusively restricted to the By-Pass
pond, during the period of study.
4.21 [Diomass

The order of magnitude of thetotal biomass of major algal

groups in the ponds (Table 3) were as follows:

By-Pass pond: Chlorophytad Bacillariophyta> Cyanophyta) [uglenOphqu>

Pyrrophyta>» Chrysophyta.
Stabilization pond one: Cyanophyta Chlorophyta> Bacillariophyta.

Stabilization pond three: Cyanophyta> Chlorophyta>Bacillariophyta)

Pyrrophyta.

Kubanni pond: Bacillariophyta Cyanophyta> Chlorophyta> Luqlenophyte}
Chrysuphyté} Pyrrophyta.

4.22 Distribution of algae

The 1list of constutuent members of suspended algal communities
oceurring in samples from the ponds is presented in appendices 1 -
20. Data on number (Units L_l}, Individual volume (lmBLﬁl),
Biomass {mmsLnl), Abundance and frequency (%) are tabulated along

with the list.
cach other
Abundance and [requency when considered alongside/ give an
idea of the distribution pattern of plants (Oosting, 19558). On
this basis then, those species thatwere both highly frequent and

abundantwere considered more widely distributed than the others.
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Hence, of the communities of algae flourishing in the By-Pass

pond, the most widely distributed species were:- (MNovember) -

Ankistrodesumus falcatus var acicularis (A. Braun) G.5. West,

fuglena sp, Havicula exigua (Gay) Mull and Cyclotella striata (kg)

Grun (Appendix 1).

(December): Spirulina major Kuetzing, Oscillatoria anguitissima

West and West, Mavicula pupula kg, HNitzschia paleace Crun,

Cyclotella striata (kg) Grun, MNitzschia amphibia Grun, Hitzschia

kutzingiana Hilse, and Mavicula eryptocephala (Appendix 5)

(January): Stichococeus bacillaris Hagelli, Trachelomonas

pulcherrima var, minor Playfair and an unidentified unicell (157)

(Appendix 9).

(February): Coelastrum sphaericum Mageli (Appendix 13)

(March): Ankistrodesmus falcatus var mirabilis (West & West) G.S

West, Coelastrum sp chlorella sp Ankistrodesmus gracilis Korshikov,

Kirchneriella sp and Crucigenia rectangularis (A. Braun) CGay

(Appendix 17).
For stabilization pond one, the most widely distributed

species were: Hovember): Microcystis aeruginosa Kutz . (Appendix 2)

(December): Arthrospira sp, Microcystis flos-aquae and Microcystis

aeruginosa Kutz. (Appendix 6).

(January): Microcystis aeruginosa Kutz (Appendix 10).

(February): HMicrocystis aeruginosa Kutz. (Appendix 14).

(March): Microcystis aeruginosa Kutz (Appendix 18).

The most widely distributed species of suspended algae in

stabilization pond three were as follows:- (lovember): Stichococcus
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bacillaris Hageli, Micractinum sp. Chlorococcum sp and Microcystis

aeruginosa Kutz (Appendix 3).

(December): Microcystis floss-aquae, !licrocystis aeruginosa Kutz

(Appendix 7).

(January): Microcystic aeruginosa Kulz and ilicractinum

quadrisetum (Appendix 11).

(February): WMicractinum quadrisetum and an unidentified unicell

(262) (Appendix 15).

(March): Microcystis aeruginosa Kutz (Appendix 19).

In the Kubanni pond, the most widely distributed species

were:- (November): Ankistrodesmus falcatus (Corda) Ralfs,

Closterium ehrenbergii Menegh, Aphanocapsa endophytica G.M. Smith,

Oscillatoria formosa Bory, Trachelomonas volvocina. Ehrenbherg,

Havicula radiosa kg. Mavicula viridula kg, Fragilaria brevistriata,

Cyclotella striata (kg) Grun (Appendix 4).

(December): Nitzschia sp, Nitzschia philippinarum Hust, Nitzschia

camphibia Grun and Nitzshia kutzingiana (Hilse (Appendix 8).

(January): The species were almost equally represented in the
population (Appendix 12).

(February): Gleocapsa querternata (Breb) Kutz (Appendix 16).

(March): Chlorosphaera lacustris Snow and Aphanocapsa musicola

Menegh (Appendix 20). The order of magnitude of the percentages
of indicator species, among the widely distributed species is:-
Stabilization Pone One (100%) Stabilization Pond Three (54%)
By-Pass pond (50%) Kubanni pond (38%).

Pheped pofs

4.23 Correlation between physico-chemical factors and biomass

Pearson's correlation coefficients of relationship between
physico-chemical factors and algal biomass is tabulated in Table 5.
The biomass of algae in the By-Pass pond correlates significantly
with Dissolved Oxygen alkalinity, B0D, PH and potassium, in a

descending order.
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In stabilization pond one, pH, BoD, Temperature, D.0 and
Silica were more related to algal biomass than the other
physico-chemical factors determined. In stabilization pond
three, PH, D.0, Silica,conductivity and temperature were more

related to biomass than other factors.

Conductivity, Magnesium, Potassium, Sodium, PH, Hitrate-MNitrogen
Transparency, Silica, D.0 and BOD were more related to biomass

than the other physico-chemical factors in the Kubanni pond.



CHAPTER  FIVE

5, DISCUSSTON

Available published information on algal studies in ponds, are
too sparse to be of a concrete background against which to compare
the present findings. Consequently discussion on some of the resullts
of this investigation had to be related to,or explained in the light
of observations made by other workers on lake ecosystems. This is
justified by studies conducted by Rao (1953) on a group of six small
ponds which showed that "palterns in small pools and ponds are

similar to what obtains in large aquatic systems like lakes."

Bl Physico-chemical Properties

The slight differences in water temperatures between ponds on Lhe
probably

same sampling date was due to diurnal variation in temperature.
Sampling usually started in the morning and ended after mid-day, by
which time some ponds would already have increased in temperature
due to solar radiation. Such spatial variation in temperature
between ponds was however low, compared to temporal variation during
the sampling period. Diurnal or seasonal variation in temperature
is considered as affecting the metabolism and activities of aquatic species
and other chemical reaction taking place in the water (Reid, 1975).
The monthly variation in temperature (Fig. 1) was quite marked and
may have been partially responsible for the temporal variation in the
distribution of algae in the ponds. Howland (1932) noted that diatom
frequency was influenced by temperature. The highest biomass of

diatoms (Bacillariophyceae) in the ponds (excepl Kubanni) were recorded
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during the coldest month (January). The minimum temperature
recorded was 14.5°C which is higher than the 10 - 12°C considered
by Bioret (1929) to be the lower critical limit for production in
temperate regions. Temperature therefore, was not critical in the

ponds during the study period.

Increased temperature enhances evaporation which leads to
concentration of ions in waters, DBul the evaporative
concentration of ions observed in the ponds is attributable to a
combined effect of increased Lemperature and the low relative

humidity (Table 1) characteristic of the dry season.

The effect of light is closely related with temperature.
Light intensity increases with solar radiation. When this happens
water is heated up, The extent to which light is able to penetrate
water determines the euphotic zone. Seasonal variation in climate
may affect light penpetration of both atmosphere and water. The
harmattan dust haze of the dry season reduces incoming radiation
and helps to reduce light penetration of water (Anyam, 1980).
However, the dust haze occurs occasionally, rarely lasting for over
5 days. (Mortimore, 1970). The nature of the dissolved and
suspended materials are factors which also affect light

penetration of water,

Iransparency in the By-Pass pond was generally higher than

values for the other ponds possibly because the sandy nature of its
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basin (personal observation) does not necessilate suspension of
silt in the water. Sand grains are larger and weightier than

silt and so they settle out fast. Furthermore, the suspended

algae in the pond was néi as dense as to make the water turbid.

This relative clearness of the DBy-Pass pond had‘éLrung relation with
the relatively high diversity of algal taxa fouﬁd in it. Dykyjova
and Kvet (1978), Jewson and Taylor (1978) associated diversity of
algal taxa with transparency because of increased opportunity and
rate of photosynthesis for the algae., In the stabilization ponds,
low transparency values giurbidiLy) was due to high density of

algal growth (Bloom) reshlting from nutrient enrichment of sewage.
The limited light penetration resulting from turbidity may have
retarded photosynthesis and gonsequently the development of other
algae (Jewson and Taylor 1978, Uykyjova and Kvet 1978} thereby
causing their elimination. Transparency values for the Kubanni pond
were the least. The basin of the Kubanni pond consist of clayey
ironstone (Ologe, 1973) which releases fine silt particles into

the water. This suspension of fine silt made the water turbid,

The biomass and diversity of algal taxa in the Kubanni pond were

low compared to the By-Pass pond because of low light penetration

caused by the fine silt,

pH is one of the factors considered as affecting the
distribution of algae in water boedlies. It generally rises with increasing

carbonate and bicarbonate ions, though it may be locally depressed by
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the accumulation of carbon dioxide énd raised by its acti@e removal
in photosynthesis (Reid, 1961; Mabaye 1972; Talling and Talling
1965). The PH values of the By-Pass and the stabilizatlon ponds
signify alkalinity while those of the Kubanni pond portray slight
acidity (Table 2). Algal distribution haQe been found to relate
with alkalinity/acidity of aquatic systems; Significant
relationship existed between PH and algal biomass in all the ponds
(page 85). Worthington and Ricardo (1236) observed a relétionship
between PH and distribution of phytoplénkton in some Fast African
lakes. Woodson and Gore, (1968) working on two small ponds in
Chesterfield Virginia, found that’populdtion of algae in the

écidic pond was less dense than in an alkaline one.

The high algal biomass in the stabilization and By-Pass ponds
(Table &) may have had effect on the PH of the pond water. Since
photosynthesis of such large volume of algac would lead to increased

" free carbondloxide withdréwal, thereby increasing the IH of the

water (Mara 1976; Holdway et él. 1978}. ' K{_

In water bodies conductivity is usually roughly proportional
to the concentration of dissolved solids (Le {ren and Mc Connell
1980). Therefore increasing conductivity §alues as were observed
in all the ponds, were likely to be the result of increasing

concentration of dissolved matter, The low relatiQe humidity



with high rate of evaporation may have caused evaporéti?e
concentration of ions in the water {(Grecn, 1975). Another

causal factor may be increasing mineralizétion resulting from
decomposing materials in the water (Talling 1957a); A significant
correlation was established between conductivity and alyal

biomass in stabllization pond three and Kubanni pond (Table S).
though the relationship was stronger in the Kubanni pond. This is
understandable since algae depend on dissolved ions for development.
Where there is low ionic composition (low conductivity) there would

be a correspondingly low algal biomass;

Oxygen is weil known to influence the biological éctivities
of an aquatic system (Woodson and Core, 19685; The aerobic
organisms In the system require oxygen for respiration, Oxygen 1s
also used up in the decomposition process (leling, l957bj. Oxygen
from the atmosphere dissolves in wéter and this is inflﬁenced by
temperature and wind (Reid, 19276). Aquatic plants élso contribute
towards dissovlved oxygen concentration through photosynthesis,
therefore, where there Is a high standing crop (bioméss)
of algae, there would be a corresponding high level of dissolved
oxygen., This is supported by findings in this stﬁdy, both standing
crop of algae and dissolved oxygen were highcr In the stabilization

ponds than in the By-Pass and Kubanni ponds rospectivelg} The
e

s s
- ’
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correlation values for dissolved oxygen and algal biomass were

significant in all the ponds.

Higher values of biochemical oxygen demand were recorded
from the stabilization ponds which apparently recci§ed higher
loading of organic materials (from sewage), than Lhe other ponds,
The biological/chemical decomposition of these organic materidls
result in high oxygen demand. Algae and bacteria ére implicated
in the mineralization of Cthis waste organic matter into more
stable and useable substances which are Qnobjectionable when
discharged into other bodies of water (Hard 1976, Palmer 1980},
The mineralization of the oryanic matter by bacteria is more
efficient by aerobic process which demands for high oxygen sﬁpply;
Thus the higher the organic content, the higher the biochemical
oxygen demand as exemplified in this stﬁdy; There was marked
difference between B O D values of the stabilizétion ponds -
Stabilization pond One had higher B 0 D than Stabilization pond
Three. This demonstrated the level of organic decomposition of
the waste water as it passed through the system. By the time the
waste water gets to the third stabilization pond, é substantiél

quantity of organic matter would have been mineralized.

The reason for a net production of dissolQed oxygen in the
stabilization ponds despite the high biochemical oxygen demand was

due Lo the excessively large standing crop of
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while
algae, fproduced oxygen far in excess of whatwas required for

biological cum chemical decomposition of organic matter.

Cations are essential constltyents of algal cells. Sze and
Kingsbury (1972) state that mclalqi;inihe right proportions are
activators of enzyme systems. Calcium can be leached from practically
all rocks but is much more prevalent in waters from regions with
deposits of lime stone, dolomite and gypsum. Reglons where granite
or silicious sand predominate have very low concentrations of
calcium in the waters. Concentration in waters from limestone areas
range from about 30 - 100 mg L“l (Lind, 1974). Calcium concentrations
were generally low in all the ponds, much lesser than 30 mg L_l, which
shows thal their calelments are poor in limestone. Low caleium
concentrations can also be attributed to precipitation of calcium
as carbonates, on evaporative concentration (Moss, 19269). These low

calcium values suggest softness of the waters (High concentrations of

calcium and magnesium ions give an indication of hardness) (Lind, 1974).

Magnesium in natural water comes mainly from leaching of

igneous and carbonate rocks. In areas where these sources are common,

magnesium concentration in water often range from 5 - 50 mg th.

Magnesium is related to water hardness in the same manner as calcium

(Lind, 1974). Nagnesium is of concern to the ecologist in its role

as essential nutrient in plant growth and development especially as
(Lind, 1974%).

relates to its function in the chlorophyll molecule¢/ Concentration

of magnesium ions were very low in the ponds, suggesting softness of

the waters. High algal biomass in the stabilization ponds with high
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demand for magnesium for its chlorophyll was probably responsible

for the relatively lower concentration of magnesium there,

The findings of Talling and Talling (1265) showed sodium to
be always present in higher quantity than potassium, A similar
observation was made in this study, The high sodium concentration
in the By-Pass and stabilization ponds may be as a result of high
levels of sodium chloride in the human and animal wastes that get
into the ponds. High cyanophycean biomass 1s associated with high
sodium concentration in the By-Pass and stabilization ponds
(Table 3). It is probable then that these blue green algae need
appreciable amount of sodium (Hutchinson, 1267). Provasolil (1958)
noted that the presence of sodium in sewage and other artificial
influents may in part underlie the association of blue green algae
with pollution. There was a weak correlation between algal biomass
and caleium. Magnesium and sodium were only significantly correlated
with algal biomass in the By-Pass pond while potassium showed a

strong relationship in the By-Pass and Kubanni ponds.

Dissolved iron was scarcely delectable in most of the ponds

instruments
(Table 2) even though two types of were used, as explained

in chapter three. Hutchinson points out Lhdt there is normally

very little dissolved iron in fresh wdters, hardly exceeding 1 mg L_1
since in well oxygenated lake waters, iron compounds likely to be
most constantly present are suspended insoluble Ferric hydroxide
(Hutchinson, 1967). Iron is involved in the cyeling of certain other

nutrients (e.g phosphorus) and normally only a small part of it is

available to phytoplanktom organisms (lHutchinson, 1967). MNevertheless,
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its presence in minute quantities is still capable of sustaining
many freshwater algae (Beadle, 1974) in the ponds, Bishai (1962)
and Ruttner (1953) showed that among the factors which help in the
formation of dissolved iron is low PH (not above 7.5, ideally 4.3.
The By-Pass and Stabilization ponds had Pl values exceeding this.
Hence, dissolution of iron may not have been favoured, However,

in the Kubanni pond PH values did not exceed 7.5, Although no
trace of iron was recorded in the samples, il is possible that

iron was present in the parts per billion rdnge. It would be
expected that since the basin of the Kubanni is rich in iron stone,
an appreciable guantity of iron should be dissolved in the water.
This is what was recorded by Anyam (1950) who reported between

2.5 ppm and 7,91 ppm iron in the Kubanni lake. Pogsibly most of
the iron was in the insoluble Ferric state (Hutchinson, 1967).

The availability of iron rather than its concentration has been
considered critical in stimulating algal prodﬁction (Schelske,
Hooper and Heartl, 1963; Watzel, 19265; and Allen, 1972), Therefore
if dissolved iron was present in minute traces (at parts per billion

range) it would still be of use in algal development.

Phosphorus is one of the most important elements to living
orgyanisms. The ratio of phosphorus to other elements in organisms
tends to be greater than the ratio in the primary sources of the
biological elements (Hutchinson, 1967). The importance of phosphorus
is associated with energy transfer (Woodson and Core, 1268). Phosphate
phosphorus values for the By-Pass and Kubanni ponds were relatively
lower than for the stabilization ponds. High phosphate-phosphorus
concentration in the stabilization ponds was attributable to

sewage and detergents. Algal biomass peak coincided with the
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phosphate-phosphords peak, confirming the usefdlness of

phosphorﬁs in algal development. Phosphéte—phosphorﬁs was

available in the inﬁestigatcd ponds in épprcciébly high
concentrations (Table 2), but substéntially higher values were
recorded at the stabilization ponds, Phosphétc-phosphorus enrichment
has hecn reported to occur with consideréblc inflow of sewége

into aquatic systems. Moss (1981) reporied that phosphorus from
decomposing gull excreta or 'droppings entered the shallow lake
(Hickling broad, Morwich) froﬁ the cétchment. The phosphorus,

was absorbed by phytoplankton resulting in their increased density;

Producti@ity flas been shown to be controlled most by the
aQailability of phosphorus and nitrogen, éssﬁming thét édeqﬁate light
is available (Biggar and Corey, 1969, Welch et al., 1975). Einsele
(1944) found thét'phosphéte added to water diséppeéred in a few days
having been taken up by algae. This confirms the role of phosphéte
phosphorus in the deQelopment of algae ﬁnd'explains the reduced
phosphate phosphorus level corresponding with high élgal biomass
{Table 2 and #4), Howe#er, phosphate-phosphorﬁs concentration was
relatiQely low in By-Pass and Kubanni ponds: Inspite of this the
By-Pass especially supported a rich algal flora possibly becaﬁse

phosphorus was non Limiting.
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"Many phytoplankton are exceptionally efficlent in their
ability to use phosphate and can extract it in significant amount
from water where it is present in minute qﬁéntities" (Méitlénd,
1978). Sze and Kingsbury (1972) reported that phytoplénkton have
the ability Lo store phosphorus for later ﬁse; A similar

observation was made by Flint (1938) in Léke Saréh (Mew Sealand);

Like phosphate-phosphorus, Nitréte-Nitrogen had its highest
values in the sewage stabilization ponds, due to high Noa—N
concentration in the influents. Moss (L981), recorded a bﬁild-up
of Nitrate Nitrogen in the shallow lake {Hickling broad, Norwlch)
as it recei@ed influent contaminated with énimal dropping, from
the cétchment. A comparétiéely high level of Nitrate-Nitrogen

3 mgL—l) was recorded in all the ponds; Hence

(180 - 1680 x 10”
nitrate nitrogen was not limiting in any of the ponds (Creen,

1975). Phytoplankton communities haQe been shown to respond

strongly to nitregen enrichment (Vincent, l983j. Hence, the
stabilization pond One with higher concentration of nitréte-nitrogen,
supported é higher bioméss of algae thén the other ponds;

According to Strom (1924), "“If eﬁtrophic wétcrs dre ﬁnfaQoﬁrable to
desmids they should be favourable to blueigreen élgae and diatoms".
This inference was supported by observations in this investigation

where the eutrophic water, of the stabilization ponds were more

favourable to blue green algae (Microcystis sp ; Spirulina sp. etc)






