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ABSTRACT
This study assessed the diversity of aquatic invertebrates in Wazo Hill quarry ponds that are formed during
extraction of raw materials for cement production. The study used invertebrates as important indicator species so as
to reveal the importance of the ponds to biodiversity and ecosystem. Temperatures (°C), pH, conductivity (µS.cm-1)
and dissolved oxygen (mg.L-1) were taken at each sampling site during biological sampling. Generally the
abundance and diversity of invertebrates at Wazo Hill ponds was found to be good. This indicates that the ponds are
very important for biodiversity and ecosystem conservation, but also can provide business and education
opportunities.
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INTRODUCTION
Dar es Salaam is a growing city which is accompanied with destruction of biological resources. Many wildlife
species are purged out and some are threatened to extinction if no alternative means for conserving them is
implemented. The Wazo Hill quarry site provides such remedy through different landscape including ponds made
during the extraction of some raw materials for cement production [1]. No study has been done to determine the
importance of Wazo Hill ponds in biodiversity conservation and provision of ecosystem services, hence this study
aimed at filling this knowledge gap by assessing the diversity of freshwater invertebrates and using them as indicator
species to determine the importance of Wazo Hill ponds to biodiversity and ecosystem services. Invertebrates are
small animals without a backbone and live in diverse habitats and perform various important functions in the
ecosystems such as nutrient recycling, completion of food chain and energy flow [2]. Aquatic invertebrates live
around living or dead vegetation, on the surface or in the sediments of water bodies [3]. They feed on living and
dead plant matter, and on each other, and are an important food for various vertebrates, example fishes, amphibians,
reptiles, mammals and birds [3]. Aquatic invertebrates include many larvae of insects such as mosquitoes,
dragonflies and caddis flies that begin their lives in the water before becoming land dwelling insects when they
mature [4]. Other examples of common aquatic invertebrates include crustaceans (such as crayfish), snails, worms
and leeches [5]. Freshwater invertebrates live in none saline water and are important part of the food chain and can
tell us a lot about the conditions within a water body. Many invertebrates are sensitive to changes in pH, dissolved
oxygen, temperature, salinity, turbidity and other changes in their habitat so they are used as indicators of aquatic
ecosystem health because of their sensitivity to environmental change for instance pollution [6]. They play a key
role in the nutrient cycling and energy flow of aquatic environments, acting in organic matter breakdown process
and taking effectively part in ecosystems biogeochemical cycles [5, 7]. Community characteristics such as
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abundance, richness, diversity, evenness, and composition of species can be monitored to determine whether the
community is changing over time due to natural or human caused impacts. Freshwater invertebrates are also
increasingly used by resource managers for biological assessment of freshwater habitat integrity, and some, such as
Daphnia (Daphniidae) and Chironomus tentans (Chironomidae), are model organisms for toxicological studies [7].
Along with their applied significance, freshwater invertebrates’ populations and communities can make excellent
models for basic ecological studies because they are present in virtually every freshwater habitat on the planet with
the exception of very highly polluted or deep ground waters bodies. Apart from having a very significant important
in an ecosystem, they are ignored and thus rarely being studied.
MATERIALS AND METHODS
Study Area
This study took place at Wazo Hill quarry. Wazo Hill quarry is located at Tegeta area, Bagamoyo road approximately
25Km from Dar es Salaam city centre, Tanzania (Fig. 1). It is located between latitude 6° 34' South and longitudes
39° 24' East, and an altitude between 100 and 200meters above mean sea level. The climate of the area and Dar es
Salaam in general is influenced by its closeness to the equator and being adjacent to Indian Ocean. It is tropical
climate with hot and humid weather almost throughout the year. The rainfall pattern is bimodal with a period of
short rains occurring between October and December and a long rain is between March and May. It receives around
1,000mm to 1,900mm of rainfall per annum; with the average temperature of 25°Celsius and the highest temperature
goes up to 31°Celsius [8]. The quarry area contains various flora and fauna species which are supported by the
ongoing quarry rehabilitation and restoration projects in which a large tree nursery has been established in the quarry
for restoration purposes. The excavation of materials for cement production has changed the land scape where
among distinctive features are ponds that were our study sites.

Figure 1: A map of Wazo Hill quarry area showing the location of sampled ponds. (Source: made from GPS points of the study sites).
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METHODS
Five ponds in the quarried area were randomly selected, surveyed and studied. The GPS co-ordinate was recorded
for mapping. The age of each sampled pond was estimated and supplemented by information from experienced
factory staffs that had knowledge on when they were formed. Temperature readings (°C), were taken at each
sampling site during biological sampling using a thermometer, along with other measurements of pH, conductivity
(µS.cm-1) and dissolved oxygen (mg.L-1), which are very useful, particularly the latter which is an indicator of
biological oxygen demand (BOD).
Sampling of invertebrates was done by using scoop net. Sampling was done to invertebrates found on water surfaces,
within the vegetation, as well as in the benthic (soil or sand). Rocks were rubbed and substrates disturbed in order to
dislodge invertebrates into the net. The sampling points in a particular pond were selected randomly. In each pond,
about thirty (30) samples were collected. Number of samples were counted on the basis of the number of scoop net
drawn from the water. One scoop net drawn from the water was equivalent to one sample. After sampling and
sorting, samples were stored in 75% alcohol solution. The identification of invertebrates was done at the University
of Dar es Salaam. Invertebrates were identified to the lowest possible taxonomic level, typically the family.
Data Analysis
Shannon Weiner index of Diversity (H’) was used to determine the diversity of invertebrates in different ponds.
Values of Shannon-Weiner indices were computed using the ‘Species diversity and Richness, Version 2.65 Software’.
[9]. Kruskal-Wallis test (computed using a Statistical Analysis Software ‘GraphPad InStat, v. 2.04, 1993, San Diego,
CA, USA) was used to evaluate the significance of variation in abundance of invertebrates among ponds and Dunn’s
Multiple Comparison Test (computed using a Statistical Analysis Software ‘GraphPad InStat, v. 2.04, 1993, San
Diego, CA, USA) was used as the posterior test. The special t-test for comparing diversity indices [10] was used to
measure levels of differences in diversity indices of the ponds.
RESULTS
Water variables of sampled ponds at Wazo Hill
Water variables (pH, dissolved oxygen and temperature) show some differences between the ponds, however the
difference was statistically insignificant (P>0.05). Conductivity was found to be significantly higher in pond 1 than
in other ponds (P<0.05). Moreover, dissolved oxygen was higher in pond 1 than in others, pond 3 was found to have
the least dissolved oxygen. In case of age, pond 1 was found to be older than the others (Table 1).
Table 1 Water variables of sampled ponds
Variables
Pond 1
Pond 2 Pond 3
Pond 4
Temp (°C)
26
28
27
28
pH
8. 92
8.93
8.51
8.76
Conductivity (µS.cm)
210
193
191
172
Dissolved Oxygen (mg.L-1)
8.5
8.2
7. 5
7.8
Age of the Pond
>5 years
3years
1 year
6months
Source: Field data, Wazo Hill quarry ponds, 2014.

Pond 5
28
8.94
185
8.0
2 months

Table 2: Values of Dunn’s Multiple Comparison Test showing differences in Abundance of invertebrates in Wazo Hill ponds.
Comparison Mean difference P Value Difference
P1 Vs P2
35.00
P<0.01
s
P1 Vs P3
46.500
P<0.001
s
P1 Vs P4
48.500
P<0.001
s
P1 Vs P5
42.500
P<0.001
s
P2 Vs P3
11.500
P>0.05
ns
P2 Vs P4
13.500
P>0.05
ns
P2 Vs P5
7.500
P>0.05
ns
P3 Vs P4
2.000
P>0.05
ns
P3 Vs P5
-4.000
P>0.05
ns
P4 Vs P5
-6.000
P>0.05
ns
Where: P1=Pond 1, P2= Pond 2, P3= Pond 3, P4= Pond 4, P5= Pond 5, ns= No significant difference, s= Significant difference.

Abundance of Invertebrates at Wazo Hill Ponds
Three hundred and five (305) invertebrates were sampled in five ponds of Wazo Hill.

Odonata was found to have
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the highest abundance (92 individuals) compared to other groups. Diptera was the least abundant group (7
individuals). Eighteen (18) families were observed in Wazo Hill ponds. Among the ponds, pond 1 was found to have
more families (18 families) than other ponds, pond 3 observed to be the least. Among the families, the family
Libellulidae was found to contain more individuals (71 individuals) (Annex 3). Generally for both five sampled
ponds, pond 1 found to be more abundant than others (Kruskal Wallis Test: KW= 48.14, P< 0.05 Table 2).
Diversity of invertebrates at Wazo Hill ponds
The overall Shannon Weiner diversity (H’) of invertebrates’ at all sampled ponds of Wazo Hill was found to be 2.32.
The diversity of pond 1 was higher than the other ponds (P< 0.005); (Fig 2).

Figure 2: Diversity Indices (H’) of Invertebrates at five ponds of Wazo Hill Quarry (H’= Shannon Weiner diversity Index)

DISCUSSION
The study shows that, some water parameters such as conductivity and dissolved oxygen were founds to be higher in
pond 1. Conductivity is the measure of dissolved ions and dissolved oxygen is the tiny bubbles of oxygen gas which
is mixed in water and accessible to aquatic living things for their respiration. Aquatic invertebrates survive and
reproduce more effectively in water with higher conductivity [7]. This indicates that, more invertebrates survived in
pond one (1) with high conductivity than in other ponds, and this was observed to be true in this study. Dissolved
oxygen is one of the most important factors affecting invertebrate abundance and diversity [4]. This was revealed in
this study as the pond 1 with higher dissolved oxygen possessed higher abundance and diversity of invertebrates
than others. Temperature and pH also affects abundance and diversity of invertebrates [7]. Low pH has a strong
impact in the growth and reproduction of invertebrates. For this study, pH was not observed to be the limiting factor
as the pH was found to be high ranging from 8.51 to 8.94, this is due to the nature of the mineral found in the area
where is predominated by limestone. Extremely high temperature also has effects on invertebrates. Increased water
temperatures might affect the time of complete development of invertebrates example to Odonata [3, 8]. However, in
this study this was not the case. It is possible that the average temperature readings were of a shorter observation that
could not lead to clear observation of the not broad enough to observe the true relationship.
Generally the study revealed that Wazo Hill ponds support a good abundance and diversity of invertebrates; this is
presumably due to high availability of resources and
good conditions of the habitat since invertebrates are very
sensitive to environmental quality [6, 8, 11]. They have a strong interaction with environmental conditions [5, 11,
12] thus; this faunal component has been frequently used in environmental quality assessment [6]. Invertebrates are
functionally important in many terrestrial and aquatic ecosystems [4, 13-16]. Aquatic invertebrates play important
roles within their ecosystems, while also providing valuable data for humans to use. They have very important
functions in the ecosystem. These ecosystem functions include sediment mixing, nutrient cycling, and energy flow
through food webs, acting in organic breakdown process and taking effectively part in ecosystems biogeochemical
cycles [7].
Despite the fact that aquatic invertebrates are physically small, they are a major link in the energy exchange from
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producer to consumer [14]. The biodiversity of aquatic invertebrates within watersheds is an important indicator of
the ecosystem’s function [8, 13]. Knowing the types of aquatic invertebrates present in a watershed allows for
proper environmental assessments to be made. Dragonfly larvae are an example of aquatic invertebrates that can be
used as biological indicators for changes in aquatic habitats [12]. For example, dragonfly abundance increases with
a higher amount of aquatic plant density. Knowledge concerning these adaptations can provide important
information about habitat conditions. With knowledge about how aquatic factors affect dragonfly abundance,
habitats can be monitored for changes in conditions, such as pH, oxygen and temperature by observing changes in
dragonfly populations. [13] found that increased invertebrate diversity accelerated the recovery rate of ecosystems
following environmental shocks.
In the present study, the number of dragonfly was found to be higher than other groups; this indicates that there was
a favorable condition for their survival. However, it has been observed that the abundance and diversity of
invertebrates in older ponds was higher than in the young ones, this indicate that the older the pond the higher the
diversity and abundance of invertebrates [11]. This could be due to the fact that in the older ponds invertebrates had
time to reproduce, colonize and develop. Also in the older ponds there are enough resources for invertebrates to
survive and invertebrates has already adapted to the condition of the particular pond [11]. Survival of invertebrates
normally would attract aquatic vertebrates as well as terrestrial vertebrates such as birds, snakes, monkeys and others
[7]. This enhances biodiversity conservation of the area and the ecosystem balance in general.
On the other hand, the study found that Wazo Hill quarry ponds are very important to the company, community
nearby the company as well as throughout Dar es Salaam and in the World in general. Among the importance that
the company could benefit from the ponds are fishing activities. The company could introduce the fish in various
ponds which could help the company to earn money by supplying fish to people surrounding the company and
throughout Dar es Salaam. The presence of invertebrates in the ponds indicates that even fish could survive in the
ponds. In supplying fish the company benefits from it as the source of income to the company. Also the company
could use water from the ponds with fish for irrigation in the tree nursery, as well as in flowers garden as the water
will have good nutrients from the fish litter for the growth of vegetation. Apart from that, ponds may help the
company by reducing the soil erosion from rain as water drain directly to the ponds. In another way, these ponds are
useful in reducing dust on roads around the quarry site. On top of that, the company could use the ponds to keep
frogs for supplying to schools and colleges for practical purposes, in this way the company would be benefiting the
community, the country, as well as the world by supporting in the development of science and education in general.
Furthermore Wazo Hill ponds could reduce unemployment level to the community around the quarry site by
engaging them to fishing activities. However, the fishing activities within the quarry site should be taken under close
supervision from the management in order to prevent environmental pollution.
CONCLUSION
Wazo Hill ponds are very important to the biodiversity conservation, the ecosystem and the nation in general. It has
been found that these ponds harbor varieties of invertebrates which are very potential in the ecosystem functioning.
Invertebrates found to be very important to the ecosystem. Therefore, it is important to protect invertebrates’
communities to lower the risk of unexpected and unwanted consequences. It is important that the Wazo Hill ponds
be managed and monitored for the survival of biodiversity and balance of the ecosystem. Furthermore conservation
education, awareness and sensitization on the importance of biodiversity found in the quarry site should be provided
to the communities living nearby the quarry site so that they participate positively in reducing the risk to biodiversity
loss.
Acknowledgement
We wish to express our appreciable thanks to Quarry Life Award 2014 for funding this project and Mr. Richard
Magoda for positive cooperative during the study. We specifically thank and appreciate the logistical and technical
advice during study offered by Flora Tibazarwa and Erasto Njavike (National Juries of the Quarry Life Award).
Furthermore we recognize the materials and technical support offered by our institutes, the Universities of Dar es
Salaam and Dodoma as well as Tanzania Wildlife Research Institute.

24
http://www.easletters.com/issues.html

Anna Mahulu et al
Entomol. Appl. Sci. Lett.,2015, 2 (2):20-25
______________________________________________________________________________
REFERENCES
[1] K. Ngongolo, S Mtoka. A, Mahulu. Wet season diversity of Butterflies in Restored Mine of Wazo Hill Tanzania
International Journal of Fauna and biological Studies. 2014, 3, 01-03.
[2] RT. Brooks. Wetlands, 2002, 20, 4, 707-715 .
[3] FG. Suhling, J. Sahlen, F. Kasperski, D. Gaedecke. Oikos, 2005, 108, 3, 609-617.
[4] JH.Thorp, AP. Covich, Ecology and classification of North American freshwater invertebrates. Harcourt Brace
Jovanich Publishers. Academic Press, Inc. New York, USA. 1991, pp 22-36 and 597-627.
[5] PAZ. Pamplin, TCM. Almeida, O. Rocha. Acta Limnologica Brasiliensis. 2006, 19, 4, 439-452.
[6] RM. Guimaraes, KG. Facure, LA. Pavanin, GB. Jacobucci. Acta Limnologica Brasiliensis. 2009, 21, 217-226.
[7] AP. Covich, AM. Palmer, TA. Crowl. BioScience. 1999, 49, 2,119-127
[8] PE. Lutz. Ecology. 1974, 55, 2, 370-377.
[9] PR. Henderson, RMH. Seaby. “Species Diversity and Richness”. Lyminton, Pisces Conservation Ltd. 2001,
Version 65.
[10] JH. Zar. Biostatistical Analysis. Prentice-Hall, Inc. New Jersey. 1996, 4.
[11 D. Pech, PL. Ardisson, NA. Hernandez. Continental Shelf Research. 2007, 27, 523-533.
[12] MS. Moretti, M. Callisto. Biomonitoring of benthic macroinvertebrates in the middle Doce River watershed
Acta Limnologica Brasiliensis. 2005, 17, 267-282.
[13] AL. Downing, MA. Leibold. Freshwater Biology . 2010, 55, 2123-2137.
[14] DW, Freckman, T. Blackburn,, L. Brussaard, P. Hutchings, MA Palmer, PVR. Snelgrove. Ambio. 1997, 26,
556–562.
[15] S. Postel, S. Carpenter. Freshwater ecosystem services. In Daily GC, ed. Nature’s Services: Societal
Dependence on Natural Ecosystems. Washington (DC): Island Press. 1997, 195–214.
[16] EO. Wilson. The Diversity of Life. New York: W.W. Norton. 1992.

25
http://www.easletters.com/issues.html

