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Colonization patterns of benthic
macroinvertebrates in fertilized and
non-fertilized earthen fish ponds

Study conducted in Kwanza, Trans-Nzoia County to determine the colonization pattern of benthic
macroinvertebrates in earthen fish ponds. This was done to ascertain the right stocking time of ponds
when the natural fish food is in plenty. Two ponds were used for this study; one was treated with organic
manure while the other was not fertilized. Sampling for physico-chemical parameters were then taken
immediately after filling the ponds and repeated weekly for six weeks while benthic macroinvertebrates
were first sampled after week 1 and repeated weekly for six weeks. The results obtained were compared
between the two treatments and per treatment over time. There were significant differences in most
parameters over the weeks and between the treatments. Attainment of suitable conditions for stocking
was however at week 3 for fertilized and week 4 for the non-fertilized contrary to the usual two week period
advised by most procedures.

Introduction

Capture fisheries cannot be expanded beyond its natural
productivity and as a result aquaculture is becoming an
important source of animal protein for human consumption
[1]. According to [2], aquaculture production has realized over
40% growth over the previous two decades. Kenya has large
and several natural water resources which include springs,
wetlands, water reservoirs, temporary water bodies, lakes,
rivers and marine waters that provide a huge potential for not
only the wild fisheries but also aquaculture development [3].
The vast water resources favor the culture of a wide variety
of fish species both marine and freshwater [4]. According to
[5], aquaculture presently accounts for about 2.5% of total fish
production in Kenya. This scenario is partly due to the inability
of the country to exploit the available resources and the small
scale and limited aquaculture development [4].

According to FAO [6], aquaculture in Kenya was at its
infancy stage but had the potential to change the estimated
natural fish production three-fold. Aquaculture provides
a source of subsistence and livelihood to the fish farmers
and the local community [7]. There is also a poor reception
of aquaculture as an economic activity in Kenya which has
made it difficult to commercialize the enterprise [8]. The
poor reception is partly due to the low growth rate witnessed
by most small scale farmers whose fish hardly attain table-
size. There are stipulated procedures to be followed in order

to achieve better results at the end of the production time
(Ngugi et al., 2007). The procedure includes pond fertilization
two weeks prior to stocking in an attempt to enhance natural
pond productivity. This study thus seeks to determine the
colonization pattern of macroinvertebrates within fertilized
and non-fertilized ponds in the Kenyan highlands. This will
provide vital information on availability of natural food in
terms of benthic macroinvertebrates as an indicator of when to
stock after fertilization.

Materials and Methods

This study was conducted in Lake Basin development
Authority fish farm in Kwanza constituency, Trans-Nzoia
County, Rift Valley province, Kenya. Two ponds were use for
the study, one fertilized with organic manure and the other
not fertilized. Both ponds were first limed then fertilization
done in one pond at a rate of 50g/m2 according to Ngugi et
al (2007). After liming and fertilization, water was allowed
in until recommended level before sampling. Sampling for
physico-chemical parameters was done immediately the ponds
were full. From each pond, four samples were taken in-situ for
Dissolved Oxygen, temperature, pH, and conductivity using
portable water quality meters. Benthic macroinvertebrates
were sampled in triplicates using a 500pm mesh size scoop net,
sorted live and preserved in absolute ethanol. In the laboratory,
the specimen were identified to genus level and where possible

species.
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The identified macroinvertebrates were analyzed for
diversity and abundance per week for every treatment. The taxa
were further grouped into their feeding guilds based on mouth
morphology and existing literature. The feeding guilds were
summarized in terms of relative abundance and represented in
form of pie-charts and bar graphs.

Results
Physico-chemical parameters

Table 1, shows the results of mean weekly physico-chemical
parameter values per treatment. Dissolved Oxygen was
relatively similar at the start with the two treatment showing
no significant variation (p = 0.248). This changed with time and
at the end of the six week study, the two treatments had widely
different mean values of 2.46 + 0.02 for fertilized pond and 2.27
+ 0.02 for the non-fertilized. One way ANOVA further revealed
significant variation between the two sets of treatment (p =
0.031). On a temporal scale, both fertilized and non-fertilized
ponds showed significant differences with values of p < 0.001
for both treatments (Table 1). Just like DO, temperature values
increased significantly over time. However, the fertilized ponds
attained the tolerable lower limit of 22°C earlier (week 3) as
compared to the non-fertilized one where the minimum limit
was attained at after five weeks. The values of pH remained
around neutral with 6.8 at the start and 7.3 at week six for
both the treatments. This is typically the best pH range for

fish farming. Conductivity increased over time probably due
to increasing presence of both dissolved and suspended solids
coupled with living matter in form of plankton community,
macroinvertebrate community, and the frogs.

Nutrients

The nutrients examined in this study include ammonia and
soluble reactive phosphorus (SRP) which are nutrients of major
concern in an aquaculture facility. Ammonia values showed
insignificant increments over the weeks for both fertilized and
non- fertilized ponds (p = 0.065 and p = 0.075, respectively).
The values however remained far below the detrimental limits
and were thus not a cause of alarm. As concerns SRP, there was
significant temporal difference for both treatments whereby
the values were increasing over time. The treatments on the
other hand showed similar results at the start but diverged
over time with the fertilized ponds showing higher values than
the non-fertilized figure 1.

Macroinvertebrate community attributes

Colonization pattern: From the six week sampling period
table 2, a total of seven orders, twenty families and thirty three
genera were identified from the study ponds. The ponds were
first colonized by four species of mosquito larvae (Aedes sp,
Culex territans, Mansonia sp, and Anopheles crucians). All the four
species were sampled from both ponds in week 1 though the
non-fertilized pond had other three species which are Baetis sp,

Table 1: Weekly mean + SE of physico-chemical parameter values from the study ponds (F = fertilized pond, NF = non-fertilized ponds; different superscript letters
vertically show significant difference between the means; * shows significant temporal difference).

Dissolved Oxygen (mg/l) Temperature (°C) pH Conductivity (uS/cm)
Week F NF F NF F NF F NF
Week 0 1.82+0.012 1.82+0.01° 18.4+0.15° 18.3+0.12 6.8 + 0.00° 6.8 +0.0° 93.5 +2.1° 59 + 3.262
Week 1 1.95+0.032 1.87 £0.042 19.4+0.182 18.7+0.2° 7.2+0.01° 7.0 £+0.0° 99 + 3.252 67 +4.01°
Week 2 2.17 £0.05° 1.92 +£0.082 20.2 £ 0.24° 19.3+0.2° 7.4 £0.06° 7.0+0.1° 107 + 8.6° 76 + 6.35°
Week 3 2.51 +0.06¢ 2.20 £ 0.09¢ 22.0 £ 0.01° 20.1 £ 0.4° 7.4 £0.05° 7.3+0.0° 109 +9.1° 81 +7.21°
Week 4 2.40 £ 0.07° 2.10 £ 0.03° 22.5+0.25¢ 20.6 + 0.5° 7.3+0.04° 7.3+0.1° 110+£9.1° 88 +8.30°
Week 5 2.35+0.08° 2.10 £ 0.03° 23.1+0.27° 20.1 £ 0.4° 7.3+0.02¢ 7.1+0.1° 117 £10° 96 +7.51¢
Week 6 2.46 + 0.02¢ 2.27 +0.02¢ 24.2 +0.31¢ 22.3+0.4¢ 7.3x0.07° 7.3%0.0° 124 +£8.3¢ 100+9.2¢
F value 252.78 61.44 320.85 44.83 10.36 212 57.53 70.89
P value 0.0004 0.0006 0.000 0.000 0.003 0.174* 0.0001 0.000
2 2
2 2
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Figure 1: Mean weekly nutrient concentrations (Mean + SE) for the fertilized and non-fertilized ponds (graph a = ammonia values while b = SRP values).
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Gerris sp, and Limnogonus sp. After the second week, there were
two different species of water beetles (Copelatus astrosulcatus,
and Aulonogyrus sp) in the fertilized ponds in addition to the four
Culicidae genera. The other taxa sampled from the fertilized
pond included Baetis sp, Limnogeton expansum, Sphaerodena
nephroides, Micronecta eupompe, Gerris sp, Limnogonus sp,
Chironomus sp, and Tipula sp. In the non-fertilised ponds,
Chironomus and Anopheles were missing but recorded Ranatra
cinamomea. In week 3, the two mosquito species disappeared
from the samples while the predatory Hemipterans began
to dominate while in week 4. After week 4 the ponds were
completely dominated by water bugs in addition to appearance
of other taxa such as Decapoda, Odonata, and Trichoptera.

Table 2: Checklist of the macroinvertebrates recorded during the study.

Macroinvertebrate abundance: Among the orders sampled,
Hemiptera (water bugs) were the most dominant while the
least dominant was the order Trichoptera figure 2. The other
orders were relatively similar in terms of abundance. The high
abundance of Hemiptera, more so the predatory Belastomatidae
is not good enough for aquaculture since it preys on zooplankton
and mosquito larvae, a major natural food for fish.

Week 1 sampling recorded densities below 20 individuals/
m? for both fertilized and non-fertilized ponds. The densities
then increased in week 2 all the way to week 6 with Kruskal-
Wallis test showing significant variation between the weeks
(p = 0.021). However, pair wise comparison grouped together

Sampling weeks

Taxonomic groupings

Order Family Species
Coleoptera Dytiscidae Copelatus astrosulcatus
Hyphydrus conradsi
Gyrinidae Aulonogyrus sp

Crectogyrus sp
Dineutes aereus

Hydrophilidae Helochares sp

Decapoda Cambaridae Procambarus clarkii
Potamonautidae
Diptera Chironomidae Chironomus sp
Tipulidae Tipula sp
Culicidae Aedes sp
Culex territans
Mansonia sp
Anopheles crucians
Ephemeroptera Baetidae Baetis sp
Caenidae Caenis sp
Hemiptera Belostomatidae Limnogeton expansum
Lethocerus niloticus
Sphaerodema nephroides
Corixidae Agraptocorixa sp
eupompe
Gerridae Eurymetra sp
Gerris sp
Limnogonus sp
Nacouridae Ctenipocoris sp
Macrocoris flavicolis
Neomacrocoris sp
Nepidae Ranatra cinamomea
Vellidae Rhagovelia sp
Odonata Aeshnidae Anax imperator
Gomphidae Paragomphus. sp
Libellulidae Orthetrum julia
Trichoptera Hydropsychidae Hydropsyche sp
7 20 33

w1 w2 w3 w4 w5 W6
NF F N F NF F NF F NF F NF
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X X X
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weeks 1, 2, and 3 in one sub-set and the remaining three weeks
in another sub-set. Apart from weeks 4 and 5, the densities
between ponds did not vary significantly though in all weeks
the fertilized ponds had higher densities in all samplings. The
higher density can be attributed to presence of food in form
of particulate organic matter and detritus in the manure used
for fertilization coupled with increased primary productivity
from algae due to presence of nutrients. Presence of particulate
organic matter and detritus in an aquatic system provide
food for benthic fauna thereby increasing their diversity and
densities figure 3.
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Figure 2: Abundance of macroinvertebrate orders, sampled from the study ponds.
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Figure 3: Weekly macroinvertebrate density and number of taxa per treatment.
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Macroinvertebrate Functional Feeding Groups: In both
ponds, there were five functional feeding guilds identified
though they occurred in some pattern. In week 1, both ponds
only recorded two guilds; filter feeders and predators with
filter feeders dominating figure 4. During the second week,
the fertilized pond recorded a third feeding guild, grazers
while the non-fertilized, apart from the grazers, there were
also the scrapers in small proportions. While the proportion
of predators increased over the weeks in the fertilized pond,
it decreased in the non-fertilised probably due to limited food
as a result of low productivity. Availability of zooplankton and
other small macroinvertebrates depends on primary production
which is influenced by presence of nutrients and other physico-
chemical parameters. From the third week, all the five feeding
guilds were recorded with that of scrapers increasing.

Discussions
Water quality parameters

Dissolved Oxygen and temperature were observed to vary
over time though not between the treatments. The variation
was probably due to increasing abundance of photosynthetic
algae, and the ability of suspended solid to retain heat and
generation of more heat by the colonizing organisms. Algae
are photosynthetic and produce oxygen during the process
of photosynthesis. Research has shown positive correlation
between algal abundance and oxygen during the day [9]. Just
like temperature, the increase in conductivity was probably
due to total solids and colonizing organisms. Temperature and
Conductivity in ponds are dependent on suspended solids and
living organisms therein.

Ammonia and SRP levels did not show significant variation
both on temporal and spatial scales, an indication that organic
fertilization does not influence the concentration of ammonia
in ponds which is in agreement with [10], who investigated the
influence of organic fertilization on nutrient levels in ponds.
However, nutrient levels have been shown to increase with
increasing protein content in feeds above recommended levels
or generally poorly formulated feeds [11], which was not the
case in this study.

Macroinvertebrates

The absence of mosquito larvae from the samples after
week 3 can be attributed to high predation by the water

Relative abundance (%)

Week1 Week2 Week3 Week4 Week5 Week6

Sampling weeks
MiFilter feeders [OPredators B Grazers EdScrapers ElCollector gatherers

a

Relative abundance (%)

Week 1 Week2 Week3 Week4 Week5 Week 6

Sampling weeks

MFilter feeders [JPredators £ Grazers B Scrapers B Collector gatherers

b

Figure 4: Relative abundance of the functional feeding guilds within the ponds under different treatments (a — fertilized pond and b — non-fertilized pond).
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bugs. Giant water bugs have been shown to feed on dipteral
larvae with preference on Culicidae. Studies have shown
significant negative correlation between Belastomatidae and
Culicidae families [12,13]. The presence of the bottom feeding
Procambarus clarkii is also a drawback to production of tilapia
fingerlings since it destroys the nests coupled with increasing
water turbidity and causing cracks within ponds that leads
to leakages. Studies have shown that Procambarus clarkii not
only presents stiffer competition for food with fish but also
destroys macrophyte beds that support juvenile fish [14]. The
increasing diversity and abundance observed is probably as
a result of the expanding niche arising from fertilization of
both allochthonous and autothonous origin. The expanding
niche can further be confirmed by increasing FFGs over
time. Previous studies have shown that there is a positive
correlation between organic matter content in aquatic systems
and macroinvertebrate diversity and abundance [15,13]. This
is further corroborated by the findings of this study where
fertilized pond faster colonization and higher densities.

Conclusion

Water quality values and macroinvertebrate colonization
pattern vary significantly between the fertilized and non-
fertilized ponds in the Kenyan highlands. Temperature reached
tolerable limits of above 20°C after the second week in the
fertilized pond while after week 3 within the non-fertilized
one. Concerning pH, the water was initially acidic but became
neutral after one week for both fertilized and non-fertilized
ponds. Macroinvertebrate density increased and reached a
relatively good level for food base during week 4 for the fertilized
and week 5 for the non-fertilized. This is an indication that the
duration of stay before stocking varies based on treatment and
region. The two week recommended in most procedures could
be specific for warm climate areas.

Recommendation

Based on the results, we recommend a further study to
compare the response of ponds between high and low altitude
regions. The study should include all aspects of culture
environment such as water quality, phytoplankton succession,
zooplankton succession and benthic macroinvertebrates.
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