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ABSTRACT

This study assessed the diversity of aquatic iebestes in Wazo Hill quarry ponds that are formeating
extraction of raw materials for cement productidhe study used invertebrates as important indicap®cies so as
to reveal the importance of the ponds to bioditgrand ecosystem. Temperatures (°C), pH, condticiipiS.cm-1)
and dissolved oxygen (mg.L-1) were taken at eachpbiag site during biological sampling. Generalliiet
abundance and diversity of invertebrates at Wazbgdnds was found to be good. This indicates thatponds are
very important for biodiversity and ecosystem coves#gon, but also can provide business and educatio
opportunities.
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INTRODUCTION

Dar es Salaam is a growing city which is accomphnigh destruction of biological resources. Manydhfe
species are purged out and some are threatenegtitwtion if no alternative means for conservingerth is
implemented. The Wazo Hill quarry site providestsuemedy through different landscape including ponthde

during the extraction of some raw materials for eatrproduction[1]. No study has been done to determine the
importance of Wazo Hill ponds in biodiversity conssion and provision of ecosystem services, hehisestudy
aimed at filling this knowledge gap by assessirgdiversity of freshwater invertebrates and uskragt as indicator
species to determine the importance of Wazo Hifidgsoto biodiversity and ecosystem services. Inbestes are
small animals without a backbone and live in dieelabitats and perform various important functiomghe
ecosystems such as nutrient recycling, completiofo@d chain and energy flow [2]. Aquatic invertates live
around living or dead vegetation, on the surfacindhe sediments of water bodies [3]. They feediging and
dead plant matter, and on each other, and are poriamt food for various vertebrates, example fistaenphibians,
reptiles, mammals and birds [3]. Aquatic invertébsainclude many larvae of insects such as mosegjito
dragonflies and caddis flies that begin their livethe water before becoming land dwelling insesten they
mature [4]. Other examples of common aquatic imkedtes include crustaceans (such as crayfishijs smarms
and leechefb]. Freshwater invertebrates live in none saline wael are important part of the food chain and can
tell us a lot about the conditions within a watedia Many invertebrates are sensitive to changgsHindissolved
oxygen, temperature, salinity, turbidity and otbbanges in their habitat so they are used as itwlcaf aquatic

ecosystem health because of their sensitivity torenmental change for instance pollutiff]. They play a key
role in the nutrient cycling and energy flow of atjo environments, acting in organic matter breaku@rocess
and taking effectively part in ecosystems biogeatbal cycles [5, 7]. Community characteristics suah
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abundance, richness, diversity, evenness, and citigpoof species can be monitored to determinetidrethe
community is changing over time due to natural ambn caused impacts. Freshwater invertebrates lsoe a
increasingly used by resource managers for bickbgissessment of freshwater habitat integrity, sorde, such as
Daphnia (Daphniidae) anc€hironomus tentangChironomidae), are model organisms for toxicatagjistudies [7].
Along with their applied significance, freshwatewvértebrates’ populations and communities can nedcllent
models for basic ecological studies because theypsent in virtually every freshwater habitattloa planet with

the exception of very highly polluted or deep grdwvaters bodies. Apart from having a very significenportant
in an ecosystem, they are ignored and thus raeshglstudied.

MATERIALS AND METHODS

Study Area

This study took place at Wazo Hill quarry. Wazolldilarry is located at Tegeta area, Bagamoyo rpadoximately
25Km from Dar es Salaam city centre, Tanzania (Ejglt is located between latitude 6° 34' Soutl Bomgitudes
39° 24' East, and an altitude between 100 and 2@0dsabove mean sea level. The climate of the amdaDar es
Salaam in general is influenced by its closeneshédoequator and being adjacent to Indian Oceais. thopical

climate with hot and humid weather almost throughibe year. The rainfall pattern is bimodal wittpariod of

short rains occurring between October and Decerabeéra long rain is between March and Mayeceives around
1,000mm to 1,900mm of rainfall per annum; with &verage temperature of 25°Celsius and the higbegidrature
goes up to 31°Celsius [8]. The quarry area contaar®ous flora and fauna species which are sup@dsiethe

ongoing quarry rehabilitation and restoration petgen which a large tree nursery has been esktedalish the quarry
for restoration purposes. The excavation of mdtefiar cement production has changed the land sedpre

among distinctive features are ponds that werestugly sites.
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Figure 1: A map of Wazo Hill quarry area showing tte location of sampled ponds. (Source: made from GR®ints of the study sites).
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METHODS

Five ponds in the quarried area were randomly taflesurveyed and studied. The GPS co-ordinatere@sded
for mapping. The age of each sampled pond was asthand supplemented by information from expegdnc
factory staffs that had knowledge on when they wierened. Temperature readings (°C), were takenaahe
sampling site during biological sampling using arthometer, along with other measurements of pHdectivity
(1S.cm?) and dissolved oxygen (mg.L-1), which are veryfuiseparticularly the latter which is an indicatof
biological oxygen demand (BOD).

Sampling of invertebrates was done by using sc@pSampling was done to invertebrates found omrmatrfaces,
within the vegetation, as well as in the benthdal(sr sand). Rocks were rubbed and substratesrtiestl in order to
dislodge invertebrates into the net. The samplioigtp in a particular pond were selected randoinlyach pond,
about thirty (30) samples were collected. Numbesarfiples were counted on the basis of the numbscanfp net
drawn from the water. One scoop net drawn fromwager was equivalent to one sample. After sampéng
sorting, samples were stored in 75% alcohol satutithe identification of invertebrates was donéhat University
of Dar es Salaam. Invertebrates were identifithédowest possible taxonomic level, typically tamily.

Data Analysis
Shannon Weiner index of Diversity (H) was usedd&termine the diversity of invertebrates in différgponds.
Values of Shannon-Weiner indices were computedgusie ‘Species diversity and Richness, Version SéBware’.

[9]. Kruskal-Wallis test (computed using a Statistisablysis Software ‘GraphPad InStat, v. 2.04, 195 Diego,
CA, USA) was used to evaluate the significanceasfation in abundance of invertebrates among pandsDunn’s
Multiple Comparison Test (computed using a StatstiAnalysis Software ‘GraphPad InStat, v. 2.0493,9San
Diego, CA, USA) was used as the posterior test. §pezial t-test for comparing diversity indices][#&s used to
measure levels of differences in diversity indiokthe ponds.

RESULTS

Water variables of sampled ponds at Wazo Hill

Water variables (pH, dissolved oxygen and tempesatshow some differences between the ponds, hovibee
difference was statistically insignificant (P>0.08pnductivity was found to be significantly higharpond 1 than
in other ponds (P<0.05). Moreover, dissolved oxyges higher in pond 1 than in others, pond 3 wasddo have
the least dissolved oxygen. In case of age, pondslfound to be older than the others (Table 1).

Table 1 Water variables of sampled ponds

Variables Pond1 | Pond2| Pond3 Pond4 Pond §
Temp (°C 26 28 27 28 28

pH 8.92 8.93 8.51 8.76 8.94
Conductivity (US.cm) 210 193 191 172 185
Dissolved Oxygen (mg:b 8.5 8.2 7.5 7.8 8.0
Age of the Pond >5years  3years  lyear 6months  rithsg

Source: Field data, Wazo Hill quarry ponds, 2014.

Table 2: Values of Dunn’s Multiple Comparison Tesshowing differences in Abundance of invertebratesiWazo Hill ponds.

Comparison | Mean difference| P Value| Difference]
P1Vs P2 35.00 P<0.01 S
P1Vs P3 46.500 P<0.00[L S
P1Vs P4 48.500 P<0.00[L S
P1Vs P5 42.500 P<0.0011 S
P2Vs P 11.50( P>0.0¢ ns
P2Vs P4 13.500 P>0.04 ns
P2Vs P5 7.500 P>0.04 ns
P3Vs P4 2.000 P>0.05 ns
P3Vs P5 -4.000 P>0.04 ns
P4Vs P5 -6.000 P>0.04 ns

Where: P1=Pond 1, P2= Pond 2, P3= Pond 3, P4= Pdné5= Pond 5, ns= No significant difference, sgi8ficant difference.

Abundance of Invertebrates at Wazo Hill Ponds
Three hundred and five (305) invertebrates werepseahin five ponds of Wazo Hill. Odonata was founchave
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the highest abundance (92 individuals) comparedtter groups. Diptera was the least abundant gi@up
individuals). Eighteen (18) families were obserireVazo Hill ponds. Among the ponds, pond 1 wastbto have
more families (18 families) than other ponds, p@dbserved to be the least. Among the families, fémeily
Libellulidae was found to contain more individudl&l individuals) (Annex 3). Generally for both figampled
ponds, pond 1 found to be more abundant than ofKeuskal Wallis Test: KW= 48.14, P< 0.05 Table 2).

Diversity of invertebrates at Wazo Hill ponds
The overall Shannon Weiner diversity (H’) of investates’ at all sampled ponds of Wazo Hill was tbtmbe 2.32.
The diversity of pond 1 was higher than the otlmrds (P< 0.005); (Fig 2).
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Figure 2: Diversity Indices (H’) of Invertebrates & five ponds of Wazo Hill Quarry (H'= Shannon Weine diversity Index)
DISCUSSION

The study shows that, some water parameters sumbnasictivity and dissolved oxygen were foundsddlgher in
pond 1. Conductivity is the measure of dissolvetsiand dissolved oxygen is the tiny bubbles of exygas which
is mixed in water and accessible to aquatic livihgpgs for their respiration. Aquatic invertebratsvive and
reproduce more effectively in water with higher doativity [7]. This indicates that, more invertetas survived in
pond one (1) with high conductivity than in othemps, and this was observed to be true in thisysidsolved
oxygen is one of the most important factors affegxinvertebrate abundance and diversity [4]. This wevealed in
this study as the pond 1 with higher dissolved exygossessed higher abundance and diversity oftévates
than others. Temperature and pH also affects almaedand diversity of invertebrates [7]. Low pH fastrong
impact in the growth and reproduction of inverteéésa For this study, pH was not observed to bdiithieng factor
as the pH was found to be high ranging from 8.58.94., this is due to the nature of the minerahtbin the area
where is predominated by limestone. Extremely Heghperature also has effects on invertebratese&sed water
temperatures might affect the time of complete tgpraent of invertebrates example to Odonata [3H8}wever, in
this study this was not the case. It is possikd¢ tie average temperature readings were of aestalyservation that
could not lead to clear observation of the not dreaough to observe the true relationship.

Generally the study revealed that Wazo Hill pongjspert a good abundance and diversity of invertebrahis is
presumably due to high availability of resourced angood conditions of the habitat since invertedware very

sensitive to environmental qualiE@, 8, 11] They have a strong interaction with environmentﬂ1ditions[5, 11,
12] thus; this faunal component has been frequentlg irsenvironmental quality assessment [6]. Invertds are

functionally important in many terrestrial and atiu@cosystem§4, 13-16] Aquatic invertebrates play important
roles within their ecosystems, while also providivejuable data for humans to use. They have vepoitant
functions in the ecosystem. These ecosystem furgiitclude sediment mixing, nutrient cycling, amcbigy flow
through food webs, acting in organic breakdown esscand taking effectively part in ecosystems lmofemical
cycles [7].

Despite the fact that aquatic invertebrates aresiphity small, they are a major link in the enesgechange from
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producer to consumgil4]. The biodiversity of aquatic invertebrates witwatersheds is an important indicator of

the ecosystem’s functio[8, 13] Knowing the types of aquatic invertebrates presera watershed allows for
proper environmental assessments to be made. Ohadmnvae are an example of aquatic invertebrétes can be

used as biological indicators for changes in aguadbitatd12]. For example, dragonfly abundance increases with
a higher amount of aquatic plant density. Knowledgmcerning these adaptations can provide important
information about habitat conditions. With knowledgbout how aquatic factors affect dragonfly abueda
habitats can be monitored for changes in conditisnsh as pH, oxygen and temperature by obsenliagges in

dragonfly populations[13] found that increased invertebrate diversity acetéel the recovery rate of ecosystems
following environmental shocks.

In the present study, the number of dragonfly veasé to be higher than other groups; this indictties there was
a favorable condition for their survival. Howevét,has been observed that the abundance and djverki
invertebrates in older ponds was higher than inytheng ones, this indicate that the older the piwedhigher the

diversity and abundance of invertebrgtgd]. This could be due to the fact that in the oldengs invertebrates had
time to reproduce, colonize and develop. Also ie thder ponds there are enough resources for stwates to

survive and invertebrates has already adaptedetedhdition of the particular porjd1]. Survival of invertebrates
normally would attract aquatic vertebrates as aglerrestrial vertebrates such as birds, snakaskeys and others

[7]. This enhances biodiversity conservation of treaand the ecosystem balance in general.

On the other hand, the study found that Wazo Hikrgy ponds are very important to the company, camity
nearby the company as well as throughout Dar ema8abnd in the World in general. Among the imparéathat
the company could benefit from the ponds are figlantivities. The company could introduce the fishvarious
ponds which could help the company to earn monegupplying fish to people surrounding the compang a
throughout Dar es Salaam. The presence of invattieesbin the ponds indicates that even fish coutdivgiin the
ponds. In supplying fish the company benefits fibmas the source of income to the company. Alsocithapany
could use water from the ponds with fish for irtiga in the tree nursery, as well as in flowersdgar as the water
will have good nutrients from the fish litter fone growth of vegetation. Apart from that, ponds nhajp the
company by reducing the soil erosion from rain asewdrain directly to the ponds. In another whgse ponds are
useful in reducing dust on roads around the qusitey On top of that, the company could use thedpdn keep
frogs for supplying to schools and colleges forcpical purposes, in this way the company would éedfiting the
community, the country, as well as the world bymarting in the development of science and educatigeneral.
Furthermore Wazo Hill ponds could reduce unemplayrevel to the community around the quarry site by
engaging them to fishing activities. However, tishihg activities within the quarry site shouldta&en under close
supervision from the management in order to pregamironmental pollution.

CONCLUSION

Wazo Hill ponds are very important to the biodiwgrsonservation, the ecosystem and the natioreimegal. It has
been found that these ponds harbor varieties @riabrates which are very potential in the ecosydtenctioning.

Invertebrates found to be very important to thesgstem. Therefore, it is important to protect ingbrates’
communities to lower the risk of unexpected and amed consequences. It is important that the Wakt@éhds

be managed and monitored for the survival of biedity and balance of the ecosystem. Furthermaneeggation
education, awareness and sensitization on the tarpze of biodiversity found in the quarry site sdoloe provided
to the communities living nearby the quarry sitdtsat they participate positively in reducing tiekrto biodiversity
loss.
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