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FLUORESCENT COMPOUND FORMED IN AND EFFLUX  
FROM YEAST CELLS STUDIED ON A FLOW CYTOMETRY MICROCHIP 

 
Wilson Chim, Michael CK Wong and *Paul CH Li 
Department of Chemistry, Simon Fraser University 

8888 University Drive, Burnaby, BC V5A 1S6, Canada 
 

ABSTRACT 
 
This paper describes an easy and simple method to perform yeast cell experiment on a flow cytometry chip. We are able 
to observe the influx-hydrolysis-efflux phenomenon of a fluorogenic substrate on yeast cells. As a study model, the 
fluorogenic substrate fluorescein diacetate (FDA) diffused into the yeast cell, and FDA was hydrolyzed in the cytosol to 
produce fluorescein. Then, fluorescein was effluxed from the yeast cell.  
 
Keywords: Microfluidic Flow Assay Chip, Flow cytometry, Baker’s Yeast, Fluorescein Acetate. 
 
INTRODUCTION 
 
In recent years, microfluidic lab-on-a-chip has widely 
been applied for biochemical analysis (Auroux et al., 
2002; Landers, 2003; Li, 2010). In particular, various 
microchip techniques for cellular biochemical analysis 
have been developed recently (Gao et al., 2004; Li et al., 
2008). For example, microchips have been used to study 
the intracellular activities of cancer cells (Li et al., 2009; 
Li et al., 2011). 
 
Most cell studies were performed on groups of cells and 
only few studies were performed on a single cell (Roper 
et al., 2003; Li and Li, 2005a; Li and Li, 2005b; Li et al., 
2007). Although it is useful to conduct single-cell 
experiments to elucidate cellular variations, it is easier to 
study a group of cells and when there is a need to 
understand cell-to-cell interactions. 
 
For on-chip experiments, transport and selection of cells 
have been mainly achieved by liquid flow (Wheeler et al., 
2003; Li et al., 2004). The flow cytometry chip is used to 
measure the selected characteristics of individual cells by 
determining fluorescence emission at wavelengths of 
interest (Breeuwer et al., 1995; Wittrup and Bailey, 1990). 
 
In this study, a microfluidic cell chip (Fig. 1) is used in a 
commercial Bioanalyzer to perform a simple and fast flow 
cytometry experiment on yeast cells. The use of the chip 
saves money because less reagents and samples are used 
(Mitchell, 2011). Furthermore, it is easy to prepare the 
chip for experiments, and the results can quickly (in less 
than 30 minutes) and clearly are seen.  
 
As a study model of a yeast metabolic process, a cell-
permeable fluorogenic substrate fluorescein diacetate 
(FDA), normally used to determine cell viability (Jones 

and Senft, 1985), diffused into the yeast cell (Fig. 2A). 
FDA was then metabolized by a carboxylesterase 
(Degrassi et al., 1999) intracellularly to produce 
fluorescein (Fig. 2B). Then, fluorescein effluxed from the 
cell (Figs. 2C and 2D).  
 
The movement of cells in the cell chip is controlled by a 
pressure-driven flow inside the interconnected networks 
of microfluidic channels. Cells are hydrodynamically 
focused in these channels before passing the fluorescence 
detector in single file.  

 
 
Fig. 1. Microfluidic cell chip is fixed in a plastic caddy 
for use in a commercial Bioanalyzer. The chip contains 
six sample wells (1-6), two cell buffer wells (CB), one 
well for a reference dye (FD), and one well for a vacuum 
interface and collection of the fluid waste (PS). A 
common buffer channel joins each sample channel in 
close proximity to the detection area (broken line box). 
Reprinted with permission from Elsevier Science 
(Kataoka et al., 2005). 
 
The chip allows up to six cell samples to be analyzed and 
the cells are measured sequentially for 4 minutes each. 
For each event, the intensities of the red and blue 
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fluorescent signals are recorded. The red light excitation 
is at 630 nm and emission is at 680 nm. The blue light 
excitation is at 470 nm and green emission is at 525 nm. 
The intensity of the fluorescent signal depends on the 
amount of fluorescent molecules present in the cell. The 
detector will collect the data and present them as dot plots 
and histograms (Nitsche, 2001). 
 
MATERIALS AND METHODS 
 
Preparation of FDA solution 
2.5 mg of fluorescein diacetate (Sigma-Aldrich) was 
mixed with 500 µL of DMSO (Sigma-Aldrich, mol. 
biology grade) to make a stock solution of FDA. This 
solution was stored at -20oC and protected from light, as 
reported previously (Peng and Li, 2004a; Peng and Li, 
2004b). A working FDA solution of 12 µM was prepared 
when needed. 
 

 
 
Fig. 2. A schematic diagram showing the fluorescent 
compound formed in a yeast cell and effluxed from it. A) 
fluorescein diacetate in the cell. B) fluorescein formed in 
the cell. C) Continuous efflux of fluorescein from the cell. 
D) Complete efflux of all fluorescein molecules. 
 
Preparation of chip reagents 
According to the vendor’s protocol, the Cell Kit which 
contained the priming solution, the focusing dye, the cell 
buffer, and bead sample and FDA solution, were 
protected from light and equilibrated at room temperature 
for 30 min. before use. The bead vial was then vortexed 
for 15 s to resuspend the beads. Then, 95 µL of cell buffer 
were mixed with 5 µL of beads in a 0.5 mL 
microcentrifuge tube.  
 
Preparation of the Cell Chip 
On the glass cell chip, 10 µL of priming solution was 
added first in the well labelled PS. The priming solution 
filled the entire channel and displaced all the air in the 
microchannels after 1 min. The yeast solution and yeast-
FDA solution were then quickly prepared (as described in 

detail in the next section) for sample wells 1-5. Yeast 
solution B (10 µL) was added to well sample 5 as the 
negative control. Then, 10 µL of yeast-FDA solution C 
was pipetted each to wells 1-4.  
 
Then, 10 µL of focusing dye was added to the well 
labelled FC. This solution was used by the instrument to 
optically focus the detector on the channel. Buffer 
solution (30 µL) was then added to each of the wells 
labelled CB. This solution was used to hydrodynamically 
focus and align the cells before they passed the detection 
point. Lastly, 10 µL of bead solution (positive control) 
was pipetted to well sample 6. The chip was loaded onto 
the Bioanalyzer to initiate the flow cytometry experiment. 
After ~25 min., the experiment was completed and the 
results were presented either as dot plots or histograms. If 
the chip is needed to be reused, it will be cleaned as 
described previously (Chim and Li, 2012). 
 
Preparation of Yeast and Yeast-FDA Solution 
Baker's yeast (0.001 g) was mixed with 1000 µL of 
distilled water (solution A). 100 µL of solution A was 
diluted with 900 µL distilled water to give solution B 
(yeast-only solution), which was pipetted to sample well 5. 
Then, solution B was mixed with 1 µL of FDA solution to 
make solution C (yeast-FDA solution), which was 
pipetted to sample wells 1-4. Cell density for each of the 
solution B and C was ~1.25 x 106 cells per mL. All 
solutions were prepared at room temperature right after 
the channel priming step was completed.  
 
RESULTS AND DISCUSSION 
 
In figure 3, there are 2 dot plots on the left (a, c) which 
show red fluorescence intensity vs. the blue fluorescence 
intensity of the 2 types of particles (yeast cells and beads). 
The beads show high fluorescent intensity in the level of 
102-103. The unstained yeast cells show the intensity 
below 100. As no red fluorescent molecules were present 
in the beads and cells, the intensities were all below 10-1. 
There are 2 histograms on the right (b, d) which show the 
number of particles (events) vs. the fluorescence intensity. 
When there are fluorescein molecules inside the cell, the 
data from the cell would have fluorescence intensity 
greater than 100. An increase in the number of fluorescein 
molecules inside the cell would increase the fluorescence 
intensity. 
 
Figures 3a and b are negative controls which are yeast 
cells without FDA. Both figures show there are no data 
above the fluorescent intensity of 100 which means there 
is no fluorescein molecule inside the cell. Figure 3c and d 
are positive controls which are the beads. Both figures 
show there are data above the fluorescent intensity of 100 
which means there are fluorescein molecules inside the 
cell. 
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The Bioanalyzer detected cells from each sample wells 
consecutively for 4 min. while a constant flow of cells 
was maintained in all channels. In figure 4, it shows the 
histogram of FDA-yeast cell collected consecutively 
every 4 min. In the cases of (a) 0-4 min. and (b) 4-8 min., 
the fluorescent intensity is higher than 100. When 
compared with the unstained cells, we know these cells 
are stained. However, from 8-12 min. (c) we begin to see 
fluorescent intensity lower than 100 which indicate the 
presence of an increasing number of unstained cells. Then 
from 12-16 min. (d), we only see unstained cells with 
fluorescent intensity lower than 100.  
 
In order for the yeast cells to hydrolyze FDA to give 
fluorescein, the cell must have activated carboxylesterase. 
This intracellular enzyme broke the ester bond in FDA 
and released fluorescein, however, after a few min., some 
of the yeast cells started to pump fluorescein out of the 
cell. Moreover, some yeast cells produced more 
fluorescein as seen at 8-12 min. After a few minutes, all 
of the fluorescein inside the cells was pumped out by 
efflux as seen at 12-16 min. This is consistent with the 
time scale reported previously (Peng and Li, 2004b). 

Results are also summarized in figure 5. There was no 
staining in the negative control and there was 100% 
staining in the positive control. At 0-4 min. and 4-8 min., 
the % stained cells are similar to that of the positive 
control, which indicates all the yeast cells are stained. At 
8-12 min. there are both stained cells and unstained cells, 
resulting from the efflux of fluorescein from yeast cells. 
At 12-16 min., the histogram is similar to that of the 
negative control, which is resulted from complete 
fluorescein efflux . 
 
CONCLUSION 
 
This paper shows a simple flow cytometry experiment 
using readily obtained Baker’s yeast. We also observed 
the influx-hydrolysis-efflux phenomenon of the 
fluorogenic substrate on yeast cells. This experiment can 
be completed in less than an hour, which saves time. 
Furthermore, it requires less samples and reagents, which 
save money. These experiments can be extended to 
measure multidrug  resistance in cancer cells due to efflux, 
with proper biosafety precautions of working with cancer 
cell samples. 

 

 
Fig. 3. Data of the negative control (unstained yeast cells) in (a) dot plot and (b) histogram, and the positive control 
(blue beads) in (c) dot plot and (d) histogram. The dot plots show the red fluorescence versus the blue fluorescence 
(should be green emission when excited in blue). The histograms show the number of events or cells versus the level 
of fluorescent emission only excited in blue. 
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Fig. 5. The graph shows the percentage of stained yeast 
cells, as compared to the positive (beads) and negative 
(yeast cell only) control. 
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I-TAXONOMICAL, ANTIMICROBIAL AND INSECTICIDAL STUDIES  
ON THE PRODUCING ORGANISM 
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ABSTRACT 
 

The present study began with the isolation of 60 actinomycetes isolates from soil samples collected from different 
selected locations of Saudi Arabia. The purified actinomycetes isolates were subjected for screening program of 
antimicrobial and insecticidal activities. Isolate No. 4 isolated from Dammam governorate was found to be the most 
active actinomycetes isolate in which it produces an active substance belonging to lincomycin antibiotic against Gram 
positive, Gram negative bacteria and insects. The most active actinomycetes isolates No. 4 was selected for further 
studies concerning their identification. Morphological, physiological and phylogenetic analysis (16S rRNA); in addition 
to biochemical studies and culture characteristics as well as the chemical analysis of the cell wall, were carried out for 
the isolate under study. Based on the phenotypic and genotypic accumulated characteristics of the most active 
actinomycetes isolate and consulting the recommended International Key’s of Bergey’s Manual for identification of 
actinomycetes, it was found that this isolate matched with Streptomyces sp. MS-266 and was given the name 
Streptomyces sp. MS-266 Dm4. 
 
Key words: Actinomycetes, diversity, biocontrol, identification, streptomyces. 
 
INTRODUCTION 
 
Aerobic actinomycetes are widely distributed in soil. 
Actinomycetes especially Streptomyces sp. are rich 
sources of bioactive natural products with potential 
applications as pharmaceuticals and agrochemicals (Atta, 
2009; Atta et al., 2009; Manteca et al., 2008). They are 
prolific producers of secondary metabolites: antibiotics, 
herbicides, pesticides and anticancer agents (Atta and 
Ahmad, 2009; Osada, 1998; Saadoun and Gharaibeh, 
2003). Actinomycetes play an important role in the 
biological control of insects through the production of 
insecticidal active compounds against the house fly 
Musca domestica (Hussain et al., 2002).  More than 6000 
compounds are produced by Streptomyces sp. and many 
of them have commercial importance as anti-infective  
(antibiotics, antiparasitic and antifungal agents) anticancer 
or immunosuppressant agents (Takahashi and Omura, 
2003). For example, S. aureofasies considered one of 
important microbes in industrially because of their ability 
to produce chlortetracycline and tetracycline also; S. 
rugosporus produce pyrroindomycine (Abbanat et al., 
1999). Antibiotic resistant pathogens have been widely 
and continuously reported. In consequence, novel 
antibiotics have been investigated intensively (Holtzel et 
al., 1998; Mukhopadhyay et al., 1999; Madigan et al., 

2000; Aman, 2001; Kim et al., 2001; Lewis et al., 2003). 
The aim of this study is the isolation, identification and 
characterization of the streptomyces species isolated from 
Saudi soil. In addition, the insecticidal and inhibitory 
effects of these organisms were also investigated. 
 
MATERIALS AND METHODS 
 
Isolation of microorganisms  
During the study, 13 soil samples were collected from 
different locations in Saudi Arabia. Soil samples were 
taken from a 15-20cm depth, after removing 
approximately 3cm of the soil surface. The samples were 
placed in polyethylene bags, closed tightly and stored in a 
refrigerator until used.  
 
Preparation of Soil Samples  
Soil samples were sieved to get rid of any unwanted 
materials and then dried in the air and mix with calcium 
carbonate (1%) and incubated at 28oC for several days as 
the lead to reduce the numbers of vegetative bacterial 
cells and allowed to increase the numbers of 
actinomycetes as mentioned by Tsao et al. (1960). 
Dilution method Tsao et al. (1960) was used to isolate 
and purify the actinomycetes by using Starch-nitrate agar 
as a growth medium. 
 
 *Corresponding author email:  dr.king2007@hotmail.com
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Isolation and purification of the used microorganisms  
This was conducted by using soil dilution plate technique 
according to the method described by Johnson et al. 
(1959). 
 
The antimicrobial activity tests for actinomycetes 
isolates  
Antimicrobial activity for actinomycetes isolates was 
tested by using the classical diffusion methods described 
by (Betina, 1983). The following microbial cultures were 
used for this tests: Pseudomonas aeruginosa ATCC 9027, 
Escherichia coli ATCC7839, Bacillus cereus, Bacillus 
subtilis ATCC 6633, Candida albicans ATCC 10231, 
Aspergillus flavus ATCC 16883, and Aspergillus niger 
ATCC 16404. The Petri dishes were maintained for 2h in 
a refrigerator at 5oC to allow the diffusion of the bioactive 
compound. The diameter of complete inhibition zone was 
measured (in mm) after 24 h for the bacteria and up to 3 
days for the fungi incubation at 30oC. The strongest 
antimicrobial activities of the isolates were selected. 
 
The isolates that gave the strongest antimicrobial activity 
were grown in submerged culture in 250 ml flasks 
containing 50ml of the yeast dextrose broth media. The 
flasks were incubated at 30oC for three days with shaking 
at 200rpm. One milliliter of the previous culture were 
transferred to flasks contain 100ml of starch nitrate broth 
as a production medium which incubated in the same 
conditions. After growth, Analytical paper disks 740-E/2 
diameter that soaked with the cell-free filtrate were placed 
on the surface of agar plates, which were previously 
inoculated with the test organisms. The dishes were 
maintained for 2h in a refrigerator at 5oC to allow the 
diffusion of the bioactive compound. The diameter of 
complete inhibition zone was measured (in mm) after 24h 
for the bacteria and up to 3 days for the fungi incubation 
at 30°C. 
 
The insecticidal activity tests for actinomycetes 
isolates: 
 
Origin and rearing of the mosquitoes  
Culex pipiens were collected and reared for several 
generations according to Rady et al. (1991) under 
controlled conditions at temperature of 27 ± 2oC, relative 
humidity 75 ± 5% and 12- 12 light-dark regime. Adult 
mosquitoes were kept in (50×50×50cm) wooden cages 
and daily provided with sponge pieces soaked in 10% 
sucrose solution for a period of 3-4 days after emergence. 
After this period, the females were allowed to take a 
blood meal from a pigeon host, which is necessary for 
laying eggs (an autogeny). Plastic cup oviposition 
(15×15cm) containing dechlorinaed tap water was placed 
in the cage. The obtained egg rafts picked up from the 
plastic dish and transferred into plastic pans 
(25×30×15cm) containing 3 liters of tap water left for 
24h. The hatching larvae were provided daily with fish 

food as a diet. This diet was found to be the most 
preferable food for the larval development and a well 
female fecundity (Kasap and Demirhan, 1992). 
 

Insect treatment  
Ten C. pipiens larvae were tested for each 50ml of 
actinomycetes filtrates in plastic cup. The control tubes 
were maintained as tap water (50ml) free from 
actinomycetes filtrate. The experiment was checked daily 
for recording the biological effects. 
 

Larval mortality percent was estimated by using the 
Abbott′s formula: % Larval mortality = % A – % B / % A 
– 100×100, where A = number of controlled larvae and B 
= number of tested larva (Abbott, 1925). 
 
Methods used for identifying actinomycetes isolates  
The identification of genera includes morphological 
studies, which were done by cover slip culture technique 
(Kawato and Shinobu, 1959) and total cell hydrolysates 
analysis of the organisms to detect the meso or the LL-
forms of diaminopimelic acid (DAP) according to 
(Becker et al., 1964; Lechevalier and Lechevalier, 1970).    
 
Methods used for classification of the most potent 
actinomycetes 
(a) Studies concerning the morphological 
characteristics  
Determination of the spore-bearing hyphae and spore 
chains morphology were done by cover slip culture 
technique (Kawato and Shinobu, 1959) or by direct 
microscopically examination to the surface of the culture 
on the growth plates.  Electron microscope study was 
done for spore chain morphology and spore surface.  
 
(b) Studies concerning the cultural characteristics  
Diaminopimelic acid (DAP) in the whole cell was 
analyzed according to Becker et al. (1964) and 
Yamaguchi (1965). Culture characteristics were observed 
on different kinds of media: Yeast extract-Malt extract 
agar (ISP2), Oatmeal agar (ISP3), Inorganic salt-starch 
agar (ISP4), Glycerol-Asparagine agar (ISP5). The color 
of sporulating aerial mycelium, substrate mycelium and 
soluble pigments in media were recorded in accordance 
with the guidelines established by the International 
Streptomyces Project (Shirling and Gottlieb, 1966) ISP 
methods. The incubation was carried out at 30oC for 14 
days. Colors were assessed on the scale developed by 
Kenneth (1976).  
 
Growth on Czapek`s agar medium  
Ability of the streptomycetes to show good or poor 
growth on Czapek`s agar medium was carried out by 
streaking the organism under study on plates of this 
medium and incubated at 30oC for 14 days.  
 
(c) Studies concerning the physiological properties  
Melanoid pigments were observed on the following 
media: Peptone-Yeast extract- Iron- Agar (ISP 6) (Tresner 
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and Danga, 1958), Trypton- Yeast extract broth (ISP 1) 
(Pridham and Gottlieb, 1948) and Tyrosine agar (ISP 7) 
(Shinobu, 1958). Media were prepared in tubes and 
inoculated with the isolate No. (4) after sterilization. After 
incubated for 2- 4 days in 30oC the results have been 
taken by naked eye the color grayish brown or brown 
black were considered as a positive result.    
  
Utilization of Carbon Sources was examined by the 
method of Pridham and Gottlieb (1948). After (10-16 
days) incubation, the growth was observed and compared 
with the positive control (basal medium with glucose) and 
the negative control (basal medium without carbon 
source). Sensitivity to streptomycin was carried out 
according to the method of Bauer et al.  (1966). 
 
(d) Studies concerning the Phylogenetic 
characteristics  
Genomic DNA extraction was conducted in accordance 
with the methods described by Sambrook et al. (1989). 
PCR amplification of 16S rDNA gene of the local 
actinomycete strain was conducted using two primers, 
F27 with the sequence 5'-
AGAGTTTGATCMTGGTCAG-3' and R1492 with the 
sequence 5'-TACGGYTACCTTGTTACGACTT-3', in 
accordance with the method described by Edwards et al. 
(1989).  Purification of PCR products and sequencing of 
PCR products for the isolate under study; were preformed 
in the Genetic analyzer unite of Egyptian company for 
production of Vaccines, sera and drugs (Vacsera) El-
Dokki, Egypt. 
 
Sequence similarities and phylogenetic analysis  
The BLAST program (www.ncbi.nlm.gov/blast) was 
employed in order to assess the degree of DNA similarity. 
Multiple sequence alignment and molecular phylogeny 
were evaluated using BioEdit software (Hall, 1999).  
 

RESULTS 
 
Isolation and Purification of Actinomycetes colonies 
from different habitats  
Sixty actinomycetes colony were isolated from thirteen 
soil samples collected from various locations in Saudi 
Arabia (Table 1). 
 
Screening for antimicrobial activity of the isolated 
actinomycetes cultures  
Twenty-seven isolates out of sixty showed antimicrobial 
activity so only 45% of the isolate have antimicrobial 
activity. The less percentage was the isolates from Khobar 
(22%), only two out of nine isolates showed antimicrobial 
activity followed by isolates from Dammam-Riyadh road, 
three out of twelve (25%) where the isolates from 
Unaizah one out of two showed antimicrobial activity 
(50%). The highest percentage was the isolates from 
Dhahran (60%), three out of five then isolate from 
Dammam (55%), sixteen out of twenty nine showed 
antimicrobial activities. However, the isolate from Jubail 
had no antimicrobial activity (Table 2). 
 
Studies on insecticidal activity of actinomycete isolate 
No. (4)  
The effect of filtrate of isolate No. 4 on the vitality and 
activity of the larvae of mosquito C. pipiens (Culicidae-
Diptera) as a vector for some diseases of man and 
animals, such as "Alfellria" was carried out. 
 
a- Effect on the vitality of mosquito larvae  
Table 3 shows the effect of different filtrate 
concentrations of isolate No. 4 used against mosquito 
larvae in the third age. It also shows that there is a moral 
correlation between fatality rates and the different 
concentrations. When drawing a linear relationship 
(regression line) between the rates of mortality and 

Table 1. Location of the collected samples investigated for isolation of actinomycetes cultures. 
 

Isolate No.                   Location Sample characteristics 
1 to 12 (Dm) Dammam Sandy soil 
13 (Dm) Dammam Clay soil 
14 to 18 (Dm) Dammam Sandy soil 
19 to 23 (Dm) Dammam Clay soil 
24 to 32 (kh) Khobar Clay soil 
33 to34 (Dm) Dammam Clay soil 
35 to 39 (Dh) Dhahran Clay soil 
40  to 42 (Ju) Jubail Clay soil 
43 (Dm) Dammam Clay soil 
44 to 46 (Dm) Dammam Clay soil 
47  to 52 (Dm-Ri) Dammam-Riyadh Sandy soil 
53  to 58 (Dm-Ri) Dammam-Riyadh Sandy soil 
59 to 60 (Un) Unaizah Clay soil 
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concentrations, the lethal dose of half the tribe of larvae 
(LC50) can be calculated ,which was 0.22 ml/L (Fig.1). 
  
b- Effect on the external form of the mosquito larva  
After treatment of a group of larva with different doses of 
isolate No. 4 filtrate, some treated larvae were 
photographed after 24hours. Figure 2 shows the normal 
structure of 3rd instars larva of the mosquito C. pipiens 
(Diptera). Figure 3 shows the effect of lower 

concentration (0.01 ml/L) of isolate No. 4 filtrate on the 
larvae and the effect will be almost unnoticeable, but from 
a simple laceration in some areas of the outer layer of the 
body of the larva (cuticle). Figures 4, 5 and 6 explaining 
the inhibitory effect of high concentrations of the same 
isolate on the hardening of cuticle in the body of larvae, 
where the larvae become transparent, it was possible to 
observe easily the digestive tract from outside the body. 

Table 2. Selected actinomycete isolates producing antimicrobial activity. 
 

Test organisms 
Isolates No. Ps. 

aerugina E. coli B. cereus B. subtilis Candida 
albicans 

Asper. 
flavus Asper. niger 

1 - - - - - - - 
2 - - - - , + - - - 
3 - - - +++ - - - 
4 +++ ++ +++++ +++++ +++++ - - 
5 - - - - , + - - - 
6 - - + - - + - 
8 - , + - + +++ - + - 
9 - - + - , + - - - 

10 - - + - - - - 
11 - , + - - - , + - - - 
12 - + + ++ - - - 
13 - + ++ + - - - 
14 - , + - - + - - - 

15 - 16 - - - - - - - 
17 - + + ++ - - - 
18 - , + +++ ++ ++ - - , + - 
19 - - - - - - - 
20 - + - + - - - 
21 - + ++ ++ - - - 
22 - ++ - ++ - + ++ 
23 - + - + - - - 
24 - - - - - - - 
25 - , + - , + - - , + - - - 
26 - + ++ + - - - 
27 - - ++ + - - - 
28 - - - - , + - - - 

29 – 30 -31 - - - - - - - 
32 - - - , + - , + - - - 
33 - + - - - ++ ++ 
34 - - - - - - - 
35 - ++ - - , + - - , + - 
36 - - - - - - - 
37  -,+ - - + - - - 
38 - ++ - ++ - - - 
39 - - - - - - - 
40 - , + - - - , + - - - 
41 - - - - - - - 
42 - - - - - - - 
43 - , + - - - - - - 
44 - - - - - - - 
45 - - - + - - - 

46-47-48-49 - - - - - - - 
50 + - - - - - - 
51 - - - - - - - 
52 + - - - - - - 

53-54-55-56 - - - - - - - 
57 ++ ++ - - - - - 
58 - - - - - - - 
59 ++ - ++ + - - - 
60 - - - - - - - 
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Table 3. The effect of isolate No. 4 filtrates against 3rd 
larval instars of C.  pipiens. 
 

Concentration of  
isolate (ml/L) 

% Corrected 
mortality LC50 value 

0.5 90 
0.25 56.6 
0.1 26.6 

0.05 16.6 
0.01 13.3 

Control (0.0) 2 

0.22 ml/L 

Identification of the most active actinomycetes isolates  
The morphological, physiological, cultural and biochemi-
cal characteristics for isolate No. 4 see tables 4, 5 and 
figures 7, 8. 
 
16S rRNA gene sequencing  
The 16S rRNA gene sequence was defined to the isolate 
No. 4 at pb 480 (Fig. 9). Table 6 show the multiple 
sequence alignment for isolate No. 4 which, showed that 
isolate No. (4) close to Streptomyces sp. MS– 266 by 91 

 
Fig. 1. LC50 value of isolate No. (4) filtrate against 3rd larval instars of Culex pipiens. 
 

   
Fig. 2. Normal structure of 3rd 
instars larva of the mosquito C.  
pipiens (Diptera) (X40). 

Fig. 3. 3rd instars larva of C.  pipiens 
after treatment with (0.01ml/L) 
concentration (X40). 

Fig. 4. 3rd instars   larva of C.  
pipiens after treatment with 
(0.1ml/L) concentrations (X40). 

  
Fig. 5. 3rd instars larva of C.  pipiens after treatment with 
(0.25ml/L) concentrations (X40). 

Fig. 6. 3rd instars larva of C.  pipiens after treatment with 
(0.5ml/L) concentrations ((X40). 
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% and it was gave the name Streptomyces sp. MS– 266 
Dm4. 
 
Table 5. Morphological and biochemical characteristics of 
actinomycetes isolate No. 4. 
 

Characters Results 
1. Morphological characteristics:  
  Spore chain Spiral 
  Spore mass Gray 
  Spore surface Smooth 
  Motility Non motile 
  Color of substrate mycelium Grayish yellow 

  Diffusible pigment Light orange 
yellow 

2. Chemotaxonomic analysis: 
  Cell wall hydrolysis for:  

   Diaminopimelic acid (DAP) LL-DAP 
   Sugar pattern ND 

 

 
Fig. 7. Scanning electron micrograph of isolates No. 4 
showing spiral shaped mycelium (X 3.000). 

 

 
 
Fig. 8. Scanning electron micrograph of isolates No. 4 
showing smooth spore surface (X 8.500). 
 
DISCUSSION 
 
The present study was started by isolation and purification 
of sixty actinomycetes isolates, which isolated from 
different regions of Saudi Arabian soil. The 60 isolates 
were tested for their ability to inhibit the growth of Gram-
positive bacteria, Gram-negative bacteria, yeasts, fungi 
and as insecticide. According to many scientists, which 
isolate and purify the actinomycetes, Bream et al. (2001) 
isolated different actinomycetes strains from Saudi Arabia 
and Egypt soil. However, many researchers isolated 
actinomycetes strains from different places (Sahin and 
Ugur, 2002; Pandey et al., 2004; Ilić et al., 2005; Xie et 
al., 2007; Igarashi et al., 2008; Malik et al., 2008). 
Recently Dhanasekaran et al. (2010) isolated 64 

 Table 4. Cultural and physiological characteristics of the actinomycetes isolate No. 4.  
 

Types of media Growth Aerial  mycelium Substrate mycelium Diffusible 
pigments 

Starch-nitrate agar Good Light Gray 
( ISCC-NBS 264) 

Pale greenish yellow 
(ISCC-NBS 104) 

Light orange yellow 
(ISCC-NBS 70) 

Inorganic-trace salt- starch 
agar (ISP 4) Good Gray 

(ISCC-NBS 265) 
Grayish yellow 

( ISCC-NBS 90) 
Light orange yellow 

(ISCC-NBS 70) 
Glycerol asparagine agar  
(ISP 5) Good Pale yellow 

(ISCC-NBS 89) 
Slightly yellow 
(ISCC-NBS 84) 

Light orange yellow 
(ISCC-NBS 70) 

Yeast extract- malt extract 
agar  (ISP 2) Good Gray 

(ISCC-NBS 265) 
Grayish yellow 

( ISCC-NBS 90) 
Light orange yellow 

(ISCC-NBS 70) 

Oat meal agar  (ISP 3) Good Light Gray 
( ISCC-NBS 264) 

Dark yellow 
(ISCC-NBS 88) 

Light orange yellow 
(ISCC-NBS 70) 

Melanin pigment media           
1-Tryptone yeast extract 
broth (ISP 1) 

Weak White 
(ISCC-NBS 263) 

Slightly yellow 
(ISCC-NBS 84) 

Deep yellowish 
brown 

(ISCC-NBS 78) 
2- Peptone yeast extract iron 
agar (ISP 6) Weak Pale greenish yellow 

(ISCC-NBS 104) 
Grayish yellow 

( ISCC-NBS 90) 
Strong brown 

(ISCC-NBS 55) 
3- Tyrosine agar (ISP 7) No Growth - - - 
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actinomycetes strains from coastal soil. From twenty-
seven isolates showed antagonistic activity against test 
organisms, isolate No. 4 showed the strongest activity 
against Gram-positive and Gram- negative bacteria. The 
identification of isolate No. 4 was done according to 
Bergey`s Manual (Williams, 1989; Holt et al., 1994), in 
which the basis for the definition depends on the 
morphological characteristics and the pigments produced 
in addition to the physiological and genetic studies 
(amplification and sequencing of the 16S rRNA). Kim 
and Goodfellow (2002) explained that the basis for the 
definition of streptomyces depends on the characteristics 
of morphology and the production of dyes in addition to 
the physiological and biochemistry to gain access to the 
species, and therefore they were differed between the four 

species of streptomyces isolated from British soil.  Also, 
Sahin and Ugur (2002) were identified three isolates 
belonging to streptomyces by following the information in 
Bergey`s Manual.  Whereas, Pandey et al. (2004) used the 
morphology and biochemical methods to describe the 
actinomycetes isolated from Nepal, and compared the 
shape with Bergey`s Manual of Determinative 
Bacteriology Holt et al. (1994).  Jayasuriye et al. (2007) 
was adopted in its definition of a species on 
morphological characteristics, as well as analysis of serial 
16S rDNA. Ningthoujam et al. (2009) identified strain of 
streptomyces sp. LS1-128 as more relevant to S. 
sindenensis based on morphological- physiological– 
cultural as well as genetic traits. Therefore, it was found 
that isolate No. 4 matched with streptomyces sp. MS-266 

 
 
Fig. 9. 16S rRNA gene sequencing for isolate No. 4. 
 
Table 6. Sequences producing significant alignments for isolate No. 4. 
 

Accession Description Maximum  identities 
AY645903.1 Streptomyces sp. MS-266 91% 
FJ532407.1 Streptomyces microflavus strain HBUM174141 91% 
FJ481053.1 Streptomyces cavourensis strain xsd08096 91% 
FJ486354.1 Streptomyces anulatus strain HBUM174206 91% 
AB184642.1 Streptomyces cavourensis sub sp. washingtonensis  strain: NBRC 15391 91% 
AF112162.1 Streptomyces sp. EF-41 91% 
GU211900.1 Streptomyces sp. WZ57 91% 
FJ481633.1 Streptomyces microflavus strain HBUM174884 91% 
FJ486351.1 Streptomyces microflavus strain HBUM174178 91% 
FJ486435.1 Streptomyces microflavus strain HBUM174246 91% 
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and was given the name Streptomyces sp. MS- 266 Dm4 
in which (Dm) refers to Dammam governorate. 
 
When examining the insecticidal activity of 
actinomycetes isolates against insect pests, it was noted 
the existence of effects on the external shape of the larvae 
of mosquito C. pipiens when using filtrate of isolate No. 
(4), where it have an effect on the cuticle layer which 
consisting of Arthropod in proteins and "chitin" These 
compounds gave solidity to the larval body or adult stage 
(Figs. 2-6). Where the process of Sclerotization had 
disappeared which responsible for giving the dark color to 
the cuticle of larva or adult stage. The hardness of cuticle 
is done by the formation of chemical bonds between 
cuticle proteins and "Polyphenols" substance secreted 
from the skin cells layer. The present results are, however, 
in accordance with several results performed with 
actinomycetes and other insect species. Dhanasekaran et 
al. (2010) found actinomycetes isolate producing strong 
larvicidal activity against Anopheles mosquito larvae. Liu 
et al. (2008) obtained on quinomycin A compound 
isolated from Streptomyces sp. which has the effect of 
inhibiting the growth of many pathogen insects, including 
mosquito Culex. 
 
Since the cuticle of insect species consists largely of 
chitin, it was postulated that chitinase produced by these 
isolates could be involved in insect control. Therefore, the 
production of chitinase was used as the criteria for the 
selection of potential biocontrol agents of insects. 
Microbial chitinolytic enzymes have been considered 
important in the biological control of many insects 
because of their ability to interfere with chitin deposition 
(Tripathi et al., 2002). 
 
CONCLUSION  
 
Actinomycetes metabolites exhibited its effect against 
mosquito C.  pipiens, so based of our results it can be 
used as an alternative insecticide, because they are free 
from harmful effects on the environment.  
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ABSTRACT 

 
Recurrent fires have a considerable potential to influence the structure and composition of savanna vegetation. In Mole 
National Park in Ghana, the policy is to burn the vegetation annually, early in the dry season. This paper examines the 
likely effects of these regular fires on the population dynamics of five tree species in the park using matrix model 
projections. The matrix manipulations were programmed using the Microsoft Excel spreadsheet software. The model is 
based on analyses and data put forward in Sackey (2006), as well as data on fire impacts and seedling production and 
growth of woody species recently obtained by Sackey and Imoro (unpublished study) from a savanna vegetation near 
Mole National Park. The model results show that annual burns will lead to changes in the relative abundance, as well as 
a decline in the density of all five tree species. The results also show that Burkea africana and Terminalia spp. require a 
minimum fire-free interval of > 2 years for their persistence, while 2 years minimum burning interval is required for the 
maintenance of Acacia dudgeoni, Combretum adenogonium and Vitellaria paradoxa. A minimum fire-free interval of > 3 
years on a rotational system is suggested for the persistence of the majority of the woody plant species in the park. 
 
Keywords: Grupe camp, fire impacts, matrix models, vegetation transformation. 
 
INTRODUCTION 
 
Plants differ widely in their tolerance of fire and their 
capacity to recover afterwards. As a result, recurrent fires 
have considerable potential to influence the structure and 
composition of vegetation (Trapnell, 1959; Charter and 
Keay, 1960; Ramsay and Rose-Innes, 1963; Hopkins, 
1965; Rose-Innes, 1972; Brookman-Amissah et al., 1980; 
Frost and Robertson, 1987; Swaine et al., 1992; Ben-
Shahar, 1998; Sackey, 2006; Sackey and Hale, 2008). The 
extent to which this occurs depends not only on 
differences in the sensitivity of different species but also 
on the fire regime (type, frequency and intensity of fire) 
of the area, and on the physiological and developmental 
states of individual plants at the time of burning.  
 
In Mole National Park, the policy is to burn the vegetation 
annually early in the dry season when the grass fuel is still 
moist, presumably to achieve low fire intensity and, thus, 
minimise its impact on the Park’s vegetation. It is, 
however, certain that late dry season fires occur regularly 
over large areas of the Park. Sackey and Hale (2008) and 
Sackey (2006) in a recent study showed that these regular 
dry season fires are causing mortality and topkill to trees 
≥ 2 m tall in the Guinea savanna near Grupe camp of the 
Park. A matrix population model is a valuable tool for 
predicting population response to burning (Silva et al., 
1991; Hoffmann, 1999) and is used in the present study to 

predict the long-term effects of the regular fires on the 
population dynamics of five main tree species (Acacia 
dudgeoni, Burkea africana, Combretum adenogonium, 
Terminalia spp. and Vitellaria paradoxa) in the south-
western section of the Mole National Park, Ghana, near 
Grupe camp. The model is based on analyses and data put 
forward in Sackey (2006), as well as data on fire impacts 
and seedling production and growth of woody species 
recently obtained by Sackey and Imoro (unpublished 
study) from a savanna vegetation near Mole National 
Park. The mathematical workability of the matrix model 
can be found in Lefkovitch (1965). Further description of 
matrix models can be found in Hartshorn (1975), Caswell 
(1982), Crouse et al. (1987), Enright and Watson (1991) 
and Desmet et al. (1996). 
 
MATERIALS AND METHODS 
 
METHODS 
Study Area 
Mole National Park is situated in northern Ghana between 
9º 12' - 10º 06' North and 1º 25' - 2º 17' West and covers 
an area of approximately 4840 km2. The Mole and Lovi 
rivers are the most significant among the numerous rivers 
which cross or originate in the Park. A climatic diagram 
for the nearest meteorological station, Damongo, about 18 
km south of Mole is shown in figure 1. More than 95% of 
the mean annual rain (1098.1 ± 78.3 mm) falls during the 
single rainy season from April to October, with maxima 
occurring in June and the prime peak in September. The *Corresponding author email: isackey5@yahoo.com
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five consecutive months of the dry season (November – 
March) have a mean total rainfall of 49.7 ± 3.2 mm. The 
mean annual temperature of 27.7ºC varies little from 
month to month (25.7-31.0ºC), while the average diurnal 
range is 13.3ºC.  
 
The Park lies in the Guinea savanna zone. The dominant 
vegetation type is the open savanna woodland with a 
grass layer that can reach up to 3 m tall during the rainy 
season and which is burnt annually. Hall and Jeník (1968) 
have recognised four savanna vegetation types in the 
West Gonja District, which includes the Park. These are 
the Terminalia macroptera-Loudetiopsis thoroldi-type in 
badly-drained and seasonally flooded plains, the 

Mitragyna inermis-Andropogon gayanus var. gayanus-
type in valley bottoms along streams, the Isoberlinia 
doka-Loudetiopsis scaethae-Hyperrhenia subplumosa-
type on gentle slopes and well-drained plains and the 
Loudetiopsis kerstingii-Polycarpea tenuifolia-type on iron 
stone plateaux.  
 
There are about 94 species of mammals (including bats) 
and over 300 species of birds in the Park (Hossain and 
Hall, 1996). The distribution of large mammals, 
particularly elephants, is concentrated in the south-eastern 
section of the Park. This study was conducted in the 
south-western section of the Park where elephants as well 
as other large mammals are virtually absent for most of 

 
 
Fig. 1. Climatic diagram for Damongo, Ghana, based on rainfall data from 1985-2003 and temperature data from 1998-
2003. Source of data: Ghana Meteorological Services. 

 
 

Fig. 2. Generalised life-stage graph of savanna tree species with arrows representing all the possible life-history 
transitions. H: height stages; S: seedling production; R: the probability of reversing to height stage H1; P: the 
probability of remaining in the same height stage; and G: the probability of progressing to the next height stage within 
the time period of the model. 
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the year. The savanna vegetation in the area is largely the 
Isoberlinia doka-Loudetiopsis scaethae-Hyperrhenia 
subplumosa subtype of Hall and Jeník (1968). Further 
details of the Mole National Park are included in Sackey 
(2006). 
 
The Matrix Models 
The absence of large mammalian herbivores in the 
savanna near the Grupe camp makes fire the major factor 
directly influencing the population structure of the 
component woody species and, hence, the entire woody 
plant community structure. A stage-based matrix model  
was, therefore, developed to gain some quantitative 
insight into the effects of fire on the dynamics of five tree 
species’ populations. A simple matrix based on the 
division of the life-history of the tree species into four 
height-classes (H: < 1 m, 1-2 m, 2-5 m and > 5 m) was 
used. Life-stage graph (Fig. 2) representing all the 
possible transitions (growth, stasis and reversal) an 
individual tree in any of the height classes (H) can make 
in any one time period, as well as seedling production by 
trees > 5 m tall, was drawn. The effect of climatic 
changes upon seedling production and tree survival and 
growth rates, as well as the density-dependent effects of 
tree numbers upon seedling survival (population-
regulation mechanisms) and grass production and, hence, 
fire intensity has not been considered.  
 
Fire was incorporated in the model in two ways: fire 
impact and burn frequency. Regarding fire impact, fire 
was programmed to operate at height-specific rates upon 
the four delineated height classes of the individual tree 
species (acting as a mortality or reversal agent), while 
burn frequency was incorporated as an annual event and 
as regular two- to four-year burn intervals. The model 
assumed that the population of a given height-class is 
exposed to either height-specific mortality rate or height-
specific reversal rate (R) due to the impact of fire. Thus 
only two categories of fire damage were recognised, 
namely, tree totally killed, i.e., fire acting as a mortality 
agent, and tree top-killed, i.e., fire acting as a reversal 
agent reversing tree height. Field observations indicate 
that fire impact is most severe at tree bole bases (below 
1.5 m in height) and re-sprouting of dead stems 

commonly occurs from root-collars or stumps below 1 m 
(Sackey, 2006). Thus the model assumed that all fire-
induced height reversals were to the lowest height-class, 
that is, < 1 m. All living trees with moderate fire damage 
involving slight scorching of the lower canopy or bark 
were considered as survivors. The procedure by Desmet 
et al. (1996) was followed to estimate the proportion of 
these survivors that will progress to the next higher height 
class (G) and the proportion that will remain or persist in 
the same height class (Stasis or P) in one year time 
period. Seedling input (S) was modelled as ‘viable 
seedlings produced per tree’ rather than seed production 
and survival.  
 
Model Parameterization 
The following parameter estimates were used in deriving 
the transition probabilities for the construction of the 
matrix models for the tree species: 
 
Mortality and top-kill rates of tree species 
Top-kill and mortality rates used for the model are 
summarised in table 1. Data for height classes 2 – 5m and 
> 5m are derived from Sackey (2006), while data for 
height classes < 1 m and 1 – 2 m are derived from an 
unpublished study by I. Sackey and A-W. M. Imoro in 
savanna vegetation within the 20 km buffer zone of the 
Mole National Park. The methods used in the unpublished 
study involved tagging individual plants of height < 1 m 
and 1-2 m tall, belonging to the five study species in 
vegetation near Larabanga. The number of individual 
plants tagged ranged from 55 to 70, depending on their 
availability for the season, and the vegetation burnt 
annually in November for three consecutive years, from 
2007 to 2009. Fourteen days after each burn, the growth 
condition of the individual plants were assessed as dead 
or top-killed or living. The data were analysed in the form 
of proportions and averaged over the three burning 
seasons.    
 
Seedling production rates 
Seedling production rates of the tree species are derived 
from an unpublished study by Sackey and Imoro (Table 
2). In this study, three trees of reproductive height (> 5 m 
tall) were selected for each of the five study species. 

Table 1. Top-kill and mortality rates of the five tree species in one fire season according to height class.  
  

Plant species 
Top-kill (%) Mortality (%) 

< 1 m 1 – 2 m 2 – 5 m > 5 m < 1 m 1 – 2 m 2 – 5 m > 5 m 
Acacia dudgeoni 39.30 63.00 0.07 0.67 52.20 21.60 0.25 9.33 
Burkea africana 37.50 59.70 0.10 0.50 60.50 32.50 1.38 5.35 
Combretum adenogonium 31.10 67.30 0.32 0.14 65.30 19.40 0.37 1.02 
Terminalia spp. 35.30 66.20 2.88 2.20 57.30 17.20 0.97 1.11 
Vitellaria paradoxa 33.70 57.10 0.47 0.36 61.10 15.30 0.27 1.52 
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Table 2. Annual seedling production per tree estimated 
over three years for the five tree species incorporated in 
the model. (Source: Unpublished study by Sackey and 
Imoro). 
  

Plant species № of seedlings 
Acacia dudgeoni 10.71 
Burkea africana 1.30 
Combretum adenogonium  3.71 
Terminalia spp. 1.08 
Vitellaria paradoxa 4.21 

 
 
Tree growth rates 
Values for the growth of savanna trees vary widely, and 
are measured in a variety of ways. Herlocker estimated 
annual growth of young Acacia tortilis as 30 cm (Croze, 
1974). Thomson (1975) indicated that Brachystegia 
boehmii regrowth can reach > 2 m high in 5 years under 
complete fire protection. Pellew (1983) found annual 
height increment of Acacia tortilis plants of < 0.95 m and 
1.0-1.95 m in height to be 50.0 cm and 33.0 cm, 
respectively, while for trees 2.0-4.95 m tall, the mean 
annual increment was 46.7 cm, all without giraffe 
browsing. Lewis (1987) measured annual vertical growth 
in re-sprouted Colophospermum mopane trees in 
Luangwa Valley, Zambia, as 13.4-19.2 cm. From field 
observations, Dublin et al. (1990) found that height 
classes of Acacia gerrardii were roughly equivalent to 

age such that plants reach 15 cm in approximately 1 year, 
1 m in 6 years, 2 m in 11 years and 3 m in 15 years. Thus 
trees of Acacia gerrardii progress through height classes 
1, 2 and 3 m in an average period of approximately 5 
years each. Although the present model concerns different 
tree species to Acacia gerrardii, a similar height-class:age 
equivalence was assumed, as this represents the best 
match. Thus 5 years was used in the model as the average 
period for tree progression from one height class to the 
next higher height class. The following assumptions were 
also made that, during the five-year period: all trees 
would progress to the next higher height class, except 
those in the highest height class; and that within 5 years 
no tree would progress in height beyond the next higher 
height class.  
 
Initial tree densities 
The initial densities of trees (stems/ha) used for the 
construction of the column vectors of the model are 
values obtained by Sackey (2006) (Table 3). 
 
The transition matrices 
The parameter estimates of tree height reversal, growth, 
survival (derived from mortality and topkill data in 
Sackey (2006) and unpublished study by Sackey and 
Imoro) and seedling production (Table 3) were used to 
construct the transition matrices for the population 
models. Two transition matrices were constructed per 
species, each simulating the tree population dynamics at a 

 
Table 3. Observed stage (height) class distribution of the tree populations used for the respective matrix vectors, 
expressed as number of stems/ha and relative percentage (in brackets). 
 

Plant species < 1 m 1 – 2 m 2 – 5 m > 5 m 
 Acacia dudgeoni 923 (94.86) 15 (1.54) 15 (3.08) 5 (0.51) 
Burkea africana 260 (84.42) 0 (0.00) 10 (3.25) 38 (12.34) 
Combretum adenogonium 733 (83.96) 75 (8.59) 40 (4.58) 25 (2.86) 
Terminalia spp. 350 (97.77) 8 (2.23) 0 (0.00) 0 (0.00) 
Vitellaria paradoxa 2128 (93.17) 53 (2.32) 65 (2.85) 38 (1.66) 

 
Table 4. The matrix cell reference labels for transition matrices B (a) and U (b) corresponding to the transitions on the 
life-history graph for the tree species in figure 2. 

a 

 

b 
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different stage of the fire cycle. The probabilities for the 
two matrices (B and U) were calculated using the matrix 
cell reference labels presented in Table 4. G in all cases 
was estimated as the reciprocal of the duration of the 
height stages (assumed to be 5 years for all the height 
stages) in accord with Desmet et al. (1996); thus in 1 
year, 1/5 or 20% of individual trees in height classes < 1 
m, 1-2 m and 2-5 m would progress to the next higher 
height class. P1, P2 and P3 were calculated as 1 minus the 
stage-specific mortality and topkill (or height reversal, R) 
and the relevant growth probability, G. P4 was calculated 
as 1 minus the stage-specific mortality and topkill since it 
corresponds to the highest height stage. R in all cases 
represents individuals experiencing topkill and 
subsequently re-sprouting. Matrix B (Table 5) simulates 
dynamics in the year each respective tree population is 
burned. Burning occurs at the beginning of the one-year 
period simulated by B; so re-sprouting of topkilled 
individuals would occur during the period. Matrix U 
(Table 6) simulates the dynamics of unburned 
populations. The time period for the model was 1 year. 
Therefore, the calculated transition probabilities are 
expressed as the probability of a transition occurring 
during that time period. The derived transition matrices 
were subsequently analysed following the procedure 
outlined in Enright and Watson (1991) and Desmet et al. 
(1996).  
 
Population projections 
The transition matrices B and U were used to simulate the 
effects of different fire frequencies on the population 
dynamics of the five tree species. For instance, to 
simulate the population dynamics during a 4-year period 
in which burning occurs only in the fourth year, we use 
N4 = B.U.U.U.N0,   
where N0 and N4 are the population vectors at year 0 and 
year 4, respectively.  
 
To project the future population growth, the matrix 
manipulations were programmed using the Microsoft 
Excel spreadsheet software. With the spreadsheet 
software, the finite rate of natural increase, λ, never really 
stabilizes but changes constantly with time at a decimal 
accuracy beyond that required for a simple population 
model (Desmet et al., 1996). Thus this did not constitute a 
drawback. Besides, the major object was to examine the 
behaviour of the transition matrix and the population 
vector elements over time and to determine the direction 
of change in the tree populations and how this change 
might respond to changes in fire frequency and impact. In 
order to avoid the interpretational problems associated 
with periodic matrix models as noted by Caswell and 
Trevisan (1994), the matrix manipulations were 
programmed with the transition matrices in tables 5 and 6 
to simulate the exact burning frequencies instead of using 
the products of these matrices. For instance, to simulate 
the population dynamics under biennial fire frequency in 

which burning occurs in the second year, the transition 
matrix U was multiplied by N0 (the population vector at 
year 0). The resulting population vector, N1, was then 
multiplied by the transition matrix B to obtain N2. This 
sequence of matrix manipulations was repeated until the 
change in λ was < 0.00005. 
 
Table 5. Transition matrix (B) and column vectors for the 
five tree species simulating dynamics in the year each 
respective tree population is burned. The values in the 
columns for height classes 2 -5 m and > 5 m, and column 
vectors are derived from Sackey (2006), while those for 
height classes < 1 m and 1 – 2 m are from an unpublished 
study by Sackey and Imoro.  
 
 a) Acacia dudgeoni 

Height class < 1 m 1-2 m 2-5 m > 5 m 
< 1 m 0.4610 0.6300 0.0007 10.7167 
1 – 2 m 0.0170 0.1232 0.0000 0.0000 
 2 – 5 m 0.0000 0.0308 0.7974 0.0000 
> 5 m 0.0000 0.0000 0.1994 0.9000 

b) Burkea africana 
Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.3910 0.5970 0.0010 1.3050 
1 – 2 m 0.0040 0.0624 0.0000 0.0000 
 2 – 5 m 0.0000 0.0156 0.7882 0.0000 
> 5 m 0.0000 0.0000 0.1970 0.9415 

c) Combretum adenogonium 
Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.3398 0.6730 0.0032 3.7114 
1 – 2 m 0.0072 0.1064 0.0000 0.0000 
 2 – 5 m 0.0000 0.0266 0.7945 0.0000 
> 5 m 0.0000 0.0000 0.1982 0.9884 

d) Vitellaria paradoxa 
Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.3786 0.5710 0.0047 4.2136 
1 – 2 m 0.0104 0.2208 0.0000 0.0000 
 2 – 5 m 0.0000 0.0552 0.7941 0.0000 
> 5 m 0.0000 0.0000 0.1985 0.9812 

e) Terminalia spp. 
Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.4122 0.6620 0.0288 1.1020 
1 – 2 m 0.0148 0.0083 0.0000 0.0000 
 2 – 5 m 0.0000 0.0332 0.7692 0.0000 
> 5 m 0.0000 0.0000 0.1923 0.9667 
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Table 6. Transition matrix (U) for the five tree species 
simulating dynamics in an unburned year for each 
respective tree population. 

 a) Acacia dudgeoni                                   

Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.8000 0.0000 0.0000 10.7100
1 – 2 m 0.2000 0.8000 0.0000 0.0000 
 2 – 5 m 0.0000 0.2000 0.8000 0.0000 
> 5 m 0.0000 0.0000 0.2000 1.0000 

b) Burkea africana 

Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.8000 0.0000 0.0000 1.3000 
1 – 2 m 0.2000 0.8000 0.0000 0.0000 
 2 – 5 m 0.0000 0.2000 0.8000 0.0000 
> 5 m 0.0000 0.0000 0.2000 1.0000 

c) Combretum adenogonium 

Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.8000 0.0000 0.0000 3.7100 
1 – 2 m 0.2000 0.8000 0.0000 0.0000 
 2 – 5 m 0.0000 0.2000 0.8000 0.0000 
> 5 m 0.0000 0.0000 0.2000 1.0000 

d) Terminalia spp. 

Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.8000 0.0000 0.0000 1.0800 
1 – 2 m 0.2000 0.8000 0.0000 0.0000 
 2 – 5 m 0.0000 0.2000 0.8000 0.0000 
> 5 m 0.0000 0.0000 0.2000 1.0000 

e) Vitellaria paradoxa 

Height class < 1 m 1 – 2 m 2 – 5 m > 5 m 
< 1 m 0.8000 0.0000 0.0000 4.2100 
1 – 2 m 0.2000 0.8000 0.0000 0.0000 
 2 – 5 m 0.0000 0.2000 0.8000 0.0000 
> 5 m 0.0000 0.0000 0.2000 1.0000 

 
RESULTS 
 

The intrinsic (r) and finite (λ) rates of increase, as well as 
the stable stage distribution (w) for the matrices in tables 
5 and 6 are presented in tables 7 and 8. Generally, the 
results show that fire has an unambiguous effect on the 
population dynamics of all the study species. 
 
Effect of fire frequency on population growth rate (λ) 
The growth rate of all the species increased with 
decreasing fire frequency or increasing fire return 
interval. Qualitatively, the model results are similar for all 
the species under annual, triennial and quadrennial 
burning frequencies. The growth rate (λ) of all the species 
is < 1.00 under an annual burning event; thus all the 
species are predicted to decline, while λ > 1.00 is found 
under triennial and quadrennial fire frequencies and the 

tree populations are predicted to increase. Despite these 
similarities in trend, there are important quantitative 
differences in the rates of population growth among the 
species. Acacia dudgeoni had the lowest growth rate 
under annual fire (0.924) and is expected to experience 
the steepest decline, while under triennial and quadrennial 
burning frequencies, it had the highest growth rates (1.694 
and 2.433, respectively) and is predicted to experience the 
fastest increase in numbers. Generally, Burkea africana 
and Terminalia spp. are predicted to have the slowest 
increase in numbers under triennial and quadrennial fire 
frequencies.  
 
The model outcome is, however, mixed for the species 
under biennial fire frequency. Burkea africana and 
Terminalia spp. are predicted to decline, while Acacia 
dudgeoni, Combretum adenogonium and Vitellaria 
paradoxa are expected to increase marginally. In 
summary, the model results indicate that the minimum 
fire return interval that will permit the persistence of 
Burkea africana and Terminalia spp. is 3 years, while that 
for Acacia dudgeoni, Combretum adenogonium and 
Vitellaria paradoxa is 2 years. 
 
Effect of fire frequency on the stable stage (height) 
distribution (w) 
The model results show a paucity of individuals (< 2.0%) 
in height classes 1-2 m and 2-5 m under annual burning 
for all the study species. The stable height distributions of 
Acacia dudgeoni, Combretum adenogonium and 
Vitellaria paradoxa are quite similar for all the burning 
frequencies, and have the typical inverted-J shape, while 
those of Burkea africana and Terminalia spp. have a 
pronounced U-shape under annual burning, becoming less 
of a pronounced U-shape with increasing fire return 
interval. This is partly due to the very low mortality and 
topkill rates of mature trees. The predicted height 
distributions of all the species were significantly different 
(Chi-square tests, P < 0.001) from the observed height 
distributions (Table 3) under all the four burning 
frequencies. Therefore, the predictions are that the current 
height distribution is not stable, whatever the burning 
regime in the future. 
 
DISCUSSION 
 
The model results predict that annual burning of the 
savanna near Grupe camp will lead to a decline in the 
woody plant density as predicted by Sackey (2006). All 
five study tree species are predicted to decline under 
annual burning. Although different in design and less 
sophisticated than the systems models of Norton-Griffiths 
(1979) and Pellew (1983), these model predictions 
broadly agree with those of these authors. The model of 
Norton-Griffiths (1979) predicted a rapid decline of the 
density of mature trees over 3m tall under 50% burning. 
Similarly, Pellew (1983) predicted a rapid reduction in the 
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total population of Acacia tortilis towards an eventual 
extinction under annual fire frequency. From matrix 
model projections, Hoffmann (1999) also predicted 
declines in the density of five woody plants under annual 
and biennial burning in the Brazilian cerrado.  
 
The model results show that the minimum fire-free 
seasons required for the persistence of woody plants vary 
from one species to another, in agreement with the model 
predictions of Hoffmann (1999). In this regard, two 
species, Burkea africana and Terminalia spp. are the most 
critical, requiring a minimum fire-return interval of > 2 
years, while 2 years minimum burning interval is 
predicted for the maintenance of Acacia dudgeoni, 
Combretum adenogonium and Vitellaria paradoxa 
populations. These differences in critical fire frequencies 
probably represent variations in fire susceptibility among 
the species and could be explored through further studies 
to formulate burning policy for the Park.   
 
The discrepancies between the observed and predicted 
height distributions for all the species under all the 
simulated fire frequency regimes suggest that the tree 
populations are not in balance with the measured rates of 
growth, survival or reproduction or may well indicate that 
the life-history parameters of the tree species (tree 
survival, growth and seedling production) and, by 
inference, the environmental factors influencing them 
(e.g. rainfall, fire intensity and frequency) have not been 
constant as implied in the models, but have varied over 
time. The discrepancies could possibly indicate 
inaccuracies in the transition matrix elements arising from 
the fact that the estimated rates for tree survival derived 
from data presented in Sackey (2006) were not an 
accurate reflection of reality. Transition matrices derived 
from detailed, long-term population life-history data may 
be required to resolve this interpretational uncertainty.  
 
Deterministic transition matrix models are concerned with 
revealing demographic information about the population 
under present conditions, rather than portraying the likely 
future appearance of the population under study (Enright 
and Watson, 1991). Thus, what can be concluded from the 
model results is that the savanna near Grupe camp will 
decline towards an open, grassy vegetation under annual 
or biennial burning, given that the measured rates for 
growth, survival and reproduction in the woody plants 
will remain constant through time. This conclusion raises 
one important question about the future of the woody 
vegetation of the area: will it be possible for the woody 
plants to persist under annual burning if the rates of 
growth, survival and reproduction vary over time? The 
most plausible answer to this question is yes. Within a 
relatively small vegetation unit, burning can be expected 
to be thorough. However, in large vegetation units there is 
bound to be increased variability in site conditions, and 
burning is more likely than not to be patchy and random. 

Under such a site-specific random fire regime, there could 
be occasional fire-free intervals of long enough duration 
to permit occasional tree recruitment to ensure the 
maintenance of the woody plant populations even under 
frequent fires. As the model predictions suggest, fire-free 
intervals of up to 4 years may be enough to ensure the 
persistence of the woody plant populations. Such a 
circumstance has been demonstrated for Miconia albicans 
in the Brazilian cerrado by Hoffmann (1999).  
 
The model results pose an important question about the 
future of the vegetation near Grupe camp vis-à-vis the 
annual burning policy of the Park management, as well as 
suggesting several important lines of further research. The 
model construction relied on some data that were 
collected at only one time instance, as well as several 
important assumptions. A larger series of matrices 
constructed with detailed long-term population life-
history data that incorporate fire as a stochastic event 
would be an improvement. Also, the data incorporated in 
the model did not permit the examination of other sources 
of environmental variability, which may have possibly 
accounted for the discrepancies found between the 
observed and predicted stage class distributions. It would, 
therefore, be helpful to characterize the tree population 
response to other factors (e.g. rainfall) in addition to fire. 
Lastly, the model analyses did not address the important 
issue of density-dependent and competitive effects 
(population-regulation mechanisms) upon the life-history 
parameters of the tree populations, which may well be 
important.  
 
Management implications of the results 
In the Guinea savanna vegetation near Grupe camp with 
negligible numbers of large mammalian herbivores to 
reduce grass fuel, abundant regeneration of woody plants 
and poor recruitment of trees into large individuals, fire 
control remains the main viable measure to prevent the 
inevitable extermination of fire-sensitive woody species 
such as Sterculia setigera and Parkia biglobosa and 
vegetation transformation towards an open grassland, 
with a few scattered large trees. Although fire and 
elephant depredation are both regarded as natural 
ecological factors which have played significant parts in 
the realization of savanna plant communities, and are thus 
indispensable to their maintenance and survival, such 
extreme vegetation transformation is certainly at variance 
with the Park’s objective of ensuring the conservation of 
wild genetic materials. 
 
It is not certain what the burning frequency and intensity 
of the vegetation were before the designation of the area 
as a Game Reserve in 1958 and later a National Park in 
1971, as no fire history exists for the entire area. 
Historically, the area which is now the National Park was 
fairly heavily populated by the Bole Division of the West 
Gonja  tribe  before  1870  (Hossain  and  Hall,  1996).  
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Table 7. Intrinsic rate of increase (r), finite rate of increase (λ) and the stable stage distribution (w) for the five trees 
species under different fire frequencies. 
 
a) Annual fire frequency. 
 

Plant species r λ Stable stage distribution (%) 
< 1 m 1-2 m 2-5 m > 5 m 

Acacia dudgeoni -0.030 0.924 93.60 1.99 0.48 3.93 
Burkea africana  -0.060 0.942 70.18 0.32 0.03 29.47 
Combretum adenogonium -0.010 0.990 84.54 0.69 0.09 14.68 
Terminalia spp. -0.032 0.968 66.11 1.12 0.17 32.71 
Vitellaria paradoxa  -0.013 0.987 86.21 1.17 0.34 12.28 

 
b) Biennial fire frequency  
 

Plant species r λ Stable stage distribution (%) 
< 1 m 1-2 m 2-5 m > 5 m 

Acacia dudgeoni 0.160 1.173 90.37 3.80 2.35 3.47 
Burkea africana -0.034 0.967 75.49 1.41 1.42 21.68 
Combretum adenogonium 0.067 1.069 84.59 2.61 2.12 10.67 
Terminalia spp. -0.004 0.996 72.46 1.38 1.92 24.24 
Vitellaria paradoxa 0.134 1.144 82.06 4.88 3.73 9.34 

 
c) Triennial fire frequency 
 

Plant species r λ Stable stage distribution (%) 
< 1 m 1-2 m 2-5 m > 5 m 

Acacia dudgeoni  0.527  1.694 87.63 4.23 4.29 3.85 
Burkea africana 0.107  1.113 73.47 2.00 5.40 19.13 
Combretum adenogonium 0.298  1.347 81.39 3.46 5.26 9.88 
Terminalia spp.  0.113 1.120 72.45 1.03 5.46 21.14 
Vitellaria paradoxa 0.386  1.471 78.43 6.36 6.37 8.85 

 
d) Quadrennial fire frequency 
 

Plant species r λ Stable stage distribution (%) 
< 1 m 1-2 m 2-5 m > 5 m 

Acacia dudgeoni  0.889  2.433 85.96 4.36 5.53 4.15 
Burkea africana 0.280  1.322 71.22 2.25 8.13 18.40 
Combretum adenogonium 0.554  1.740 79.09 3.80 7.31 9.80 
Terminalia spp.  0.271  1.312 70.38 1.31 8.23 20.09 
Vitellaria paradoxa 0.650  1.915 76.21 6.97 8.00 8.81 

 
Table 8. The population growth rate of the five tree species under the different burning frequencies. 

 Plant species Population growth rate (λ) 
Annual burn Biennial burn Triennial burn Quadrennial burn 

Acacia dudgeoni 0.924 1.173 1.694 2.433 
Burkea africana 0.942 0.967 1.113 1.322 
Combretum adenogonium 0.990 1.069 1.347 1.740 
Terminalia spp. 0.968 0.996 1.120 1.312 
Vitellaria paradoxa 0.987 1.144 1.471 1.915 
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According to Norton-Griffiths (1979), in the African 
savannas, other potent forces of disruption to vegetation 
succession besides elephants and fire are generated 
following the creation of new national parks, and for 
Mole, the sudden removal of human impacts (cattle 
grazing and harvesting of grass as thatch for roofing of 
houses) may have constituted a major disruptive force. 
Additionally, the skewed distribution of large mammalian 
herbivores towards the south-eastern section of the Park, 
where they are better protected from harassment by 
poachers, has meant very low grass off-take, and 
therefore, large amount of grass fuel to support annual 
intense fires in the vegetation to the southwest near Grupe 
camp and other areas. It is, therefore, plausible that fire 
intensities and extent have generally increased since the 
creation of the Park. 
 
The most important question regarding burning in Mole 
concerns the frequency. There is every indication that fire 
frequency and intensity in the savanna near Grupe camp 
are high and detrimental and, therefore, require 
management action to reduce them if the Park’s 
objectives are to be met. Complete protection of the entire 
savanna near Grupe camp, as well as other areas for 
which the findings of this study may be relevant over an 
extended period, is a counsel of perfection that will most 
certainly be rendered virtually unattainable by 
administrative and practical difficulties. In addition, an 
inappropriate fire regime may itself constitute a disruptive 
force to vegetation succession. 
 
As the matrix population projection results suggest, a 
minmum fire-free interval of 3 years may be sufficient to 
ensure the maintenance of the main woody species. 
However, given the fact that other woody species (e.g. 
Parkia biglobosa and Sterculia setigera) are less fire-
tolerant than the five study species, a minimum fire return 
interval of > 3 years may be required to permit the 
persistence of the majority of the woody species. It 
would, therefore, seem feasible to attempt complete 
protection in relatively small blocks on a rotational 
system that would achieve a burning frequency of 3-5 
years, depending on the conditions of the vegetation and 
other factors such as rainfall. This will allow the abundant 
coppice re-sprouts adequate time to attain a size that will 
make them less sensitive to fire impacts, thereby 
increasing tree recruitment potential. Additionally, 
seedling input will increase through increased seed 
production and seedling survival rate. In this regard, the 
existing fire-break at the south-western boundary of the 
Park should be properly maintained and extended further 
northwards to prevent uncontrolled anthropogenic fires 
from outside the park boundary escaping into the Park. 
Additional fire-breaks should be created and properly 
maintained around the demarcated vegetation blocks. 

Also, regular monitoring of the area should be undertaken 
during the dry season so as to deter poachers who 
constitute the major cause of wildfire that is started within 
the Park and also to deal with any fires from accidental 
causes (e.g. spotting1) or fires from natural causes such as 
lightning.  
 
CONCLUSION 
 
In Mole National Park, the policy is to burn the vegetation 
annually early in the dry season. The long-term effect of 
this annual burning policy of the Park’s management is 
likely to be a vegetation transformation from a savanna 
woodland to a grassland with only a few woody elements. 
This prediction is supported by the matrix model 
projections, and is consistent with the results of several 
studies (e.g. Trapnell, 1959; Charter and Keay, 1960; 
Ramsay and Rose-Innes, 1963; Hopkins, 1965; 
Brookman-Amissah et al., 1980; Hoffmann, 1999). The 
model results also suggest that the minimum fire-free 
interval required for tree population maintenance varies 
from species to species, and demonstrate the potential of 
matrix population models as a tool for determining 
appropriate burning frequencies for different vegetation 
units in conservation areas located within the savanna 
ecosystem.  The findings indicate a minimum fire-free 
interval of at least two years for the maintenance of all the 
five tree species.   
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ABSTRACT 

 
In the present study, the effects of environmental pollution on aquatic vertebrates of two Ramsar Sites viz. Haleji and 
Keenjhar Lakes were noted and inventories of the vertebrate fauna were prepared during 2006-2009. In the water 
samples taken from Haleji Lake, the pesticides of organophosphate (OP) and organochlorine (OC) groups were estimated 
above the Maximum Acceptable Concentrations (MAC). These concentrations were much higher in muscles and fat 
contents than other tissues of birds. All water samples from Keenjhar Lake found contained pesticides below the MAC 
level. The analysis revealed that KB Feeder Canal is the major source of pollution to Keenjhar Lake. The depletion of 
Dissolved Oxygen indicated organic pollution harmful for aquatic biodiversity. A total of 22 species of mammals, 228 
species of birds, 32 species of reptiles, 2 species of amphibia, 37 species of fishes and 33 species of plants were recorded 
from Haleji Lake, while, 25 species of mammals, 121 species of birds, 29 species of reptiles, 2 species of amphibia, 54 
species of fishes and 258 floral species were recorded from the Keenjhar Lake. The biodiversity of Haleji Lake is on 
decline due to many environmental and anthropological factors. In Keenjhar Lake, the number of water birds visiting the 
lake during migratory season has fallen considerably mainly due to hunting, disturbance and habitat degradation. There 
are also problems of increasing pollution and resulting eutrophication.  
 
Keywords: Wetlands of Sindh, Ramsar Sites, aquatic vertebrates, inventories.  
 
INTRODUCTION 
 
Natural wetlands of Pakistan are disappearing due to 
increased urbanization, expansion of agriculture, 
irrigation systems and drainage systems.  
 
The biodiversity of Sindh is unique due to presence of 
various ecosystems and diverse range of landscapes 
including deserts, wetlands, riverine and mangrove 
forests, agriculture, and coastal areas. Sindh is located on 
the Central Asian Flyway which provides many ideal 
habitats for several migratory species of birds.  
 
Thatta District is very important due to its wetlands, 
wildlife protected areas and cultural heritage sites. The 
two study sites i.e. Haleji and Keenjhar Lakes are located 
in this district (Fig. 1).  
 
Haleji Lake 
It is located at 067o 46’E and 24o 47’N with 60m elevation 
from sea level. The lake is spread in an area 6.58km2 
(1,704ha) with level of water about 1-1.5m and maximum 
depth about 5-6m. The area is silty, muddy and sandy. 
The Lake is situated at a distance of 21km from Thatta 
and 88km from Karachi. It is a perennial freshwater lake 
with associated marshes and adjacent brackish seepage 
lagoons, set in stony desert of limestone and sandstone 
bedrocks. This Lake was a saline lagoon and in late 1930s 

it was converted into reservoir to provide an additional 
supply to Karachi. It is a homeland to a number of 
important fauna especially birds. The area is also 
important for Marsh Harrier, Pallas’s Fishing Eagle, 
Monitor Lizards and Fishes.  
 
Haleji Lake with its surrounding lagoons provides an 
important wintering and staging site for a number of 
waterbirds, including Coots and Ducks, and it is also a 
breeding site for many birds like Egrets and Herons, 
Cotton Teal (upto 55), Spotbill Duck (upto 60), Purple 
Moorhen (upto 1,470) and Pheasant-tailed Jacana (upto 
850). Marshes of the area host as roosting sites to some 
thousand Night Herons.  
 
The Sindh Wildlife Department maintains a Captive 
Breeding Centre at the lake in which Hog Deer (Axis 
porcinus), Marsh Crocodile (Crocodylus palustris), 
Smooth-coated Otter (Lutrogale perspicillata), Mallard 
(Anas platyrhynchos) and Pea Fowl (Pavo cristatus) are 
kept.  
 
Keenjhar Lake 
Keenjhar Lake is located at 68o 03’E and 24o 56’N. It is 
one of the largest lakes of Pakistan with an area 13,468ha 
and supplies water to the villages around the lake, and to 
Karachi city, Keti Bunder and Thatta. It is a perennial 
freshwater lake fed by River Indus. The lake is located at 
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about 19km North and North-East of Thatta town at a 
distance of 113km from Karachi city. The lake is 
associated with adjacent brackish seepage lagoons and 
marshes which are in a stony desert. It was made in 1930s 
by the joining of Keenjhar and Kalri Lakes, because of 
the construction of Chiliya Bangla dam and bunds of 12 
km along the east side of the lake. Many small seasonal 
streams also feed the lake. KB Feeder canal is the main 
source of water supply to the lake and enters the lake 
from northwestern corner of lake area. The lake has only 
one outlet through Jam branch canal towards northern and 
western parts. 
 
The Lake provides a number of natural resources in which 
fishing is considerably important because most of the 50 
villages nearby are either partially or fully dependent on 
the lak. Thus, around 35-40,000 people are dependent on 
the lake.  
 
The area has a great importance as roosting, wintering and 
breeding site for a number of resident and migratory 

birds. Night Heron (Nycticorax nycticorax), Cotton Teal 
(Nettapus coromondelianus), Pheasant-tailed Jacana 
(Hydrophasianus chirurgus) and Purple Moorhen 
(Porphyrio porphyrio) are some of the important breeding 
birds of this lake although Cotton Teal has disappeared in 
the recent years. It is also an important area for the game 
birds such as Grey Partridge (Francolinus pondicerianus) 
and Chestnut-bellied Sandgrouse (Pterocles exustus). 
Fishing Cat (Prionailurus viverrinus), Smooth-coated 
Otter (Lutrogale perspicillata), Cotton Teal (Nettapus 
coromandelianus), Pallas’s Fishing Eagle (Haliaeetus 
leucoryphus), Indian Monitor Lizard (Varanus 
bengalensis) and Spiny-tailed Lizard (Saara hardwickii) 
are the key species of the area.  
 
A small patch of Mangrove trees of Avicinia marina also 
exists near the lake area and used by locals as fodder for 
the camels. Hilaya Forest is also located near the eastern 
bank of the lake which is under severe logging pressure 
by the nearby communities.  
 

 
Fig. 1. Map of Sindh province, showing location of Haleji and Keenjhar Lakes. 
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The published work relating to the biodiversity of these 
two wetlands and/ or its biological and environmental 
studies includes the following: Ali and Ripley (1987), 
Ahmad and Khan (1974), Ashraf and Jaffar (1990),  
Ashraf et al. (1991, 1992), Baqai and Rehana (1973), 
Baqai and Siddiqui (1973), Baqai et al. (1974a,b), Condor 
(1977), Durranee and Khan (2008), Ghalib et al. (1981), 
Ghalib and Bhaagat (2004), Ghalib et al. (2004, 2006), 
Ghalib and Nawaz (2008), Ghalib et al. (2009), Grimmett 
et al. (1998, 2008), Ghani (1975), IFAP (2007, 2009), 
IUCN (2004), Jaffar et al. (1988), Jafri et al. (1999), 
Javed and Rehman (2004), Jalbani (2009), Jehangir et al. 
(2000), Karim (1985), Kazmi et al. (2006), Khan (2004, 
2005), Khan and Ghalib (2006), Khan and Haleem 
(1986), Khan et al. (2010, 2012), Khanum and Ahmad 
(1990-1991), Korai at al. (2008a,b), Lashari et al. (2001, 
2009), Mahar et al. (2010), Mirza (2001, 2007), Nazneen 
(1994, 1980), Nazneen and Begum (1992), Qureshi 
(1965), Rais et al. (2009), Rais and Abbas (2010), 
Rahman and Javed (2004), Roberts et al. (1986), Roberts 
(1991, 1992, 1997, 2005a,b), Sahato et al.  (2004), Saqib 
et al. (1990-91a,b, 2003), Saqib et al. (2005), Scott 
(1989), Scott and Poole (1989), Sheikh and Molur (2005), 
Siddiqui et al. (1973, 1990), Siddiqui and Saqib (1993) 
and Siddiqui (1998).  
 
There are several factors that can adversely affect and 
change biodiversity within aquatic ecosystems. Aquatic 
biodiversity may decrease due to pollution, fragmentation, 
habitat destruction, or the introduction of an invasive 
species. In many countries, anthropogenic activities have 
lead to aquatic organisms being at a higher risk for 
extinction compared to terrestrial mammals, water birds 
and amphibians (Ali et al., 2011). The objective of the 
present study was to investigate the effects of 
environmental pollution on aquatic vertebrates and 
preparation of the inventories of the two Ramsar Sites, 
Haleji and Keenjhar Lakes. 
 
MATERIALS AND METHODS 
 
Study Areas  
After baseline study, some important areas were selected 
for the study as shown in tables 1 and 2. 
 
Methodology of Physico-chemical Samples Collection 
and Analysis 
During the study from 2006- 2009, conductivity meter 
was used  for the estimation of conductivity, Total 
Dissolved Solids, Turbidity, Salinity, and pH was 
recorded by pH meter, Alkalinity, Carbon dioxide and 
Phosphates were examined by the process of Acid Base 
Titration (Titrimetric methods), Total Hardness, Calcium, 
Magnesium and Chloride were analyzed by using EDTA 
(Complexometric Titration), Basic Oxygen Demand was 
examined by Incubation Method-Redox Titration, while 
Sulphate was  analyzed by Gravimetric method, Nitrate 

was analyzed by Brucine Colorimetric Method and 
Cadmium, Chromium, Lead and Nickel were analyzed by 
atomic absorption Spectro-photometric Method. 
 
Table 1. Main wildlife habitats in Haleji Lake area. 
 

S. No. Name of study area  Co-ordinates 
1. Main Lake 24 47. 243 N 

067 45. 421 E 
2. Near Information Centre 24 47 12.2 N 

67 47 24.0 E 
3. Near Rest Houses 24 49.161 N 

67 46 .171 E 
24 47. 446 N 
67 44 .940 E 

4. Seepage Lagoon/Villages 24 49 19.3 N 
67 45 36.7 E 

5. Near Regulator 24 49 19.3 N 
67 47 58.0 E 

 
Table 2. Main wildlife habitats in Keenjhar Lake area. 
 

S. No. Name of study area  Co-ordinates 
1. Reservoir area 24 54 .40 N 

68 04 .21 E 
2. Daulatpur 24 55 .36 N 

68 01 .55 E 
3. Moldi 24 58 .06 N 

68 01. 38 
4. Sonehri 25 01 .067 N 

68 07 .877 E 
5. Jhimpir 25 02 .163 N 

68 05 .740 E 
6. Garhi Mai orFossil Valley 24 54 .486 N 

68 01 .348 E 
7. Chilia 24  50  190 N 

68 00  081 E 
8. Adam Bhambhro Village 24 51 .102 N 

67 59. 761 E 
9. Chull Area  25 03 55.6 N 

68 07 45.6 E 
10. Garho Pir /Garho Shah 24 55. 942 N 

68 02. 640 E 
11. Main Lake Area 24 54 990 N 

68 04 387 E 
24 58 .378 N 
68 05 .566 E 
24 58 7465 N 
68 05 .578 E 
24 54 .657 N 
68 06 .501 E 
25 06 .628 N 
68 07 .636 E 

12. Chakro  24 01 69.6 N 
68 02 06.0 E 

13. Jhol Lake 24 50 988 N 
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67 5885.6 E 
14. Amir Peer (Drainage inlet 

into the lake)  
25 00 24.6 N 
68 05 24.5 E 

15. K.B. Feeder Canal 25 02 21.7 N 
68 07 55.2 E 

 
Methodology for Faunal Surveys 
 
Survey of Mammals 
For large and medium size mammals, several direct and 
indirect methods were used such as roadside counts, 
counts of tracks, footprints, burrows, pellet counts, point 
surveys and line transects. One effective way to survey 
small mammals is active searching, particularly during the 
daytime. This method is equally applicable to both 
nocturnal and diurnal species, particularly in potential and 
suitable microhabitats along the canal banks, open plains, 
bushy areas and agriculture fields. Active searching is 
very effective for inventory of Gerbillus, Meriones, 
Hystrix, and Hemiechinus spp.  
 
For small mammals, active searching, traps and trapping 
procedure were used. Specifically, Sherman traps were 
used to collect the live specimens of rodents. 
 
Survey of Birds 
Each major habitat type in the study area was first 
identified and surveys were made to record the species of 
birds found in each discrete habitat such as lakes, canals, 
ponds, marshes, forest, agriculture fields, vicinity of 
human habitation and fallow lands. The number of birds 
observed in each habitat type was also recorded with 
particular emphasis on the key species and to relate the 
data to other components of the study area such as 
vegetation, water and soil etc. 
 
Line transects method was used as the most common field 
method. It is based on recording birds continually along a 
predefined route within a predefined survey unit. This 
method is suitable for extensive, open and uniform 
habitats and for large and conspicuous species.  
 
Survey of Reptiles and Amphibians 
Various methods were employed for observation of 
reptiles and amphibians. 
 
A: Direct Counting: 
In direct counting method, one-hour plot searching, use of 
pitfall traps, spot lighting or night observations, turning of 
stones, rock and rotten trees and study of basking 
behavior were used for searching and observing reptiles 
and amphibians. 
 
B: Indirect Counting 
Indirect counting method was also used for counting and 
observing reptiles and amphibians including presence of 

signs like faecal pellets, tracks, den or tunnels (egg laying 
excavation), evidences from the impression of finger or 
foot prints, or tail assisted in determing the existence, 
range and rough population of reptilian fauna.   
 
Fish Collection Methodology 
The methods used for obtaining the representative sample 
of fish species are the gill netting and cast netting.  
 
Gill Netting  
Three nets each measuring 15m length with mesh size 
2.5x2.5cm and 1.5x1.5cm were used for gill netting. The 
gill nets were used in the morning. 
 
Cast Netting 
Cast nets with known circumference were casted in a 
stretch of 200m. Five cast nets were used on a line at 
different stations along the bank of the reservoir. Fish 
species were collected and identified and released after 
identification. 
 
RESULTS 
 
In the present study, the environmental impacts of factors 
such as pollution have been assessed. In addition, 
inventories of mammals, birds, reptiles, amphibians, fish 
and plants of the two lakes have been prepared. 
 
Haleji Lake 
Physico-chemical Parameters  
Several physico-chemical parameters were analyzed to 
determine water quality of both lakes. Temperature, 
Conductivity, Total Dissolved Solids, pH, Turbidity, 
Alkalinity, Total Hardness, Salinity, Basic Oxygen 
Demand, Carbon dioxide, Magnesium, Sulphates, 
Chloride, Calcium, Nitrate, Phosphates, Cadmium, 
Chromium, Lead and Nickel were selected for the 
analysis of water quality, and parameters were analyzed 
seasonally. 
 
Aquatic biodiversity is sensitive to changes in water 
temperature. Temperature is an important water quality 
parameter and is relatively easy to measure, during the 
studies, water temperature in pre-monsoon observed from 
27 to 330C, while in post monsoon it varied from 24 - 300 
C. The air temperature in pre- monsoon recorded from 26 
- 360C, while in post monsoon it varied from 27 - 310C. 
Conductivity varied from 390 - 1820mg/l, TDS varied 
from 190 - 1520mg/l. The pH of water can provide 
information about several chemical and biological 
processes and provides indirect correlations to a number 
of different impairments, here pH ranged from 6.2 - 8.2, 
turbidity ranged from 2.0 - 8.0NTU, alkalinity ranged 
from 39 - 132mg/l, total hardness recorded from 81- 
153mg/l, salinity from 0.5 - 2.02mg/l, Basic Oxygen 
Demand from 4.2mg/l - 6.78mg/l, Carbon dioxide from 1 
- 2mg/l, Calcium from 43 - 82mg/l, the range of 
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Magnesium was recorded from 39 - 72mg/l, Chloride 
ranged from 39.6 - 122mg/l, range of Nitrates was 0.13 - 
1.09mg/L, range of Phosphates from 0.012 - 0.63mg/l, 
range of Cadmium varied from 0.00 - 0.021mg/l, 
Chromium from 0.00 to 0.07mg/l, Lead from 0.00 to 
0.01mg/l, and Nickel recorded from 0.2 - 0.6mg/l (Table 
3).  
 

Bioecological Studies  
Based on field surveys during the study, 22 mammalian 
species, 228 species of birds, 32 reptilian species, 2 
species of amphibians and 37 species of fishes were 
recorded (Tables 4-8). 
 
Status of Various Species 
Mammals  

Table 3. Water Quality Analysis of Heleji Lake during 2006-2009. 
 

Parameters 
Haleji Lake 

Average Pre-monsoon Average Post-monsoon 
2006 2007 2008 2009 2006 2007 2008 2009 

Colour A A A A A A A A 
Odour O O O O O O O O 
Water Temperature (oC) 31.33 27.67 29.00 31.67 15.67 16.67 16.33 15.00 
Air Temperature (oC) 33.67 28.67 32.00 34.33 18.67 19.67 19.67 18.33 
Conductivity  (µS/cm) 960.00 846.67 913.33 910.00 960.00 960.00 1066.67 1006.67 
TDS (mg/l) 456.33 408.33 438.33 422.00 896.67 820.00 885.00 713.33 
pH 7.33 7.42 7.44 7.57 7.51 7.41 7.48 7.74 
Turbidity  (NTU) 2.92 2.53 2.58 2.33 7.71 7.34 6.94 7.15 
Alkalinity 123.33 118.00 120.33 114.00 40.00 40.67 40.33 42.33 
Total Hardness  (mg/l) 146.33 142.33 147.00 142.67 114.67 98.00 128.67 101.33 
Salinity (mg/l) 1.82 1.77 1.46 1.79 0.66 0.64 0.65 0.57 
BOD (mg/l) 5.38 5.24 4.70 5.38 6.05 6.16 6.11 6.01 
Carbon dioxide (mg/l) 1.33 1.67 1.67 1.33 1.33 2.00 1.67 1.00 
Calcium (mg/l) 76.67 70.67 75.00 79.67 48.00 44.33 43.67 43.67 
Magnesium (mg/l) 55.33 50.33 57.67 57.33 70.67 64.33 42.00 62.67 
Sulphates (mg/l) 20.00 20.00 18.33 18.67 119.00 132.67 62.67 116.33 
Chloride (mg/l) 41.97 44.43 46.00 47.87 114.67 120.00 123.67 103.67 
Nitrates (mg/l) 0.66 0.72 0.65 0.79 0.50 0.51 36.07 0.52 
Phosphates (mg/l) 0.05 0.05 0.05 0.05 0.02 0.01 0.55 0.02 
Cadmium (mg/l) 0.00 0.00 0.00 0.02 0.01 0.01 0.55 0.02 
Chromium (mg/l) 0.02 0.04 0.01 0.02 0.05 0.05 0.02 0.02 
Lead (mg/l) 0.01 0.01 0.00 0.00 0.00 0.01 0.05 0.01 
Nickel (mg/l) 0.23 0.01 0.10 0.28 0.03 0.09 0.01 0.33 

 
Table 4. List of Mammals of Haleji and Keenjhar Lakes. 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
Order Insectivora     

Family Ericinaceidae     
1.  Paraechinus micropus Indian Hedgehog + -- 
2.  Hemiechinus collaris Long-eared Desert 

Hedgehog 
+ + 

Family Soricidae     
3.  Suncus murinus House Shrew + -- 

Order Rodentia     
Family Hystricidae     

4.  Hystrix cristatus Indian Crested Porcupine + + 
Family Sciuridae     

5.  Funambulus pennanti Palm Squirrel + + 
 

Continued… 
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The commn species of mammals found in the area were 
Palm Squirrel (Funambulus pennanti), House Mouse 

(Mus  
 

Table 4 continued… 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
Family Muridae     

6.  Rattus rattus Roof Rat + + 
7.  Mus musculus House Mouse + + 
8.  Mus booduga Little Indian Field Mouse + -- 
9.  Mus saxicola Grey Spiny Mouse  + 

10.  Nesokia indica Short-tailed Mole Rat + + 
11.  Meriones hurrianae Indian Desert Jird + + 
12.  Tatera indica Indian Gerbil + + 
13.  Gerbillus nanus  Balochistan Gerbil + + 
14.  Bandicota bengalensis Indian Mole Rat -- + 

Order Chiroptera     
Family Megadernatidae     

15.  Hipposideros fulvus Leaf-nosed Bat -- + 
Family Vespertilionidae     

16.  PipistrellusKuhlii Kuhl’s Bat + + 
Family Pteropidae     

17.  Rhinopoma microphyllum Large Mouse-tailed Bat -- + 
Order Carnivora     

Family Canidae     
18.  Canis aureas Asiatic Jackal + + 
19.  Vulpes bengalensis Bengal Fox + + 
20.  Vulpes vulpes  Desert Fox -- + 

Family Mustellidae   --  
21.  Lutrogale perspicillata  Smooth-coated Otter  + 

Family Herpestidae     
22.  Herpestes edwardsi Grey Mongoose + + 
23.  Herpestes javanicus Small Indian Mongoose + + 
24.      

Family Felidae     
25.  Felis chaus Jungle Cat + + 
26.  Felis sylvestris Indian Desert Cat + -- 
27.  Prionailurus viverrina Fishing Cat + + 

Family Viverridae     
28.  Viverricula indica Small Indian Civet + -- 

Order Artiodactyla     
Family Suidae     

29.  Sus scrofa Indian Wild Boar -- + 
Order Pholidata     

Family Manidae     
30.  Manis crassicaudata Indian Pangolin -- + 

Order Lagomorpha     
Family Leporidae     

31.  Lepus nigricollis Desert Hare + + 
 
Table 5. List of Birds of Haleji and Keenjhar Lakes. 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
Order Podicipediformes     
Family Podicipedidae     

1.  Tachybaptus ruficollis Little Grebe + + 
2.  Podiceps cristatus Great Crested Grebe + -- 

 
Continued… 
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Table 5 continued… 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
Order Pelecaniformes     
Family Phalacrocoracidae     

3.  Phalacrocorax carbo Great Cormorant + -- 
4.  Phalacrocorax fuscicollis Indian Shag + -- 
5.  Phalacorcorax niger Little Cormorant + + 
6.  Anhinga melanogaster Snake Bird + -- 

Family Pelecanidae     
7.  Pelecanus onocrotalus White Pelican + -- 
8.  Pelecanus crispus Delmatian Pelican + -- 

Order Ciconiiformes     
Family Ardeidae     

9.  Ixobrychus sinensis Yellow Bittern + -- 
10.  Ixobrychus cinnamomeus Chestnut Bittern + -- 
11.  Dupetor flavicollis Black Bittern + -- 
12.  Nycticorax nycticorax Night Heron + + 
13.  Ardeola grayii Pond Heron + + 
14.  Bubulcus ibis Cattle Egret + + 
15.  Egretta gularis Western Reef Heron + -- 
16.  Egretta garzetta Little Egret + + 
17.  Egretta intermedia Intermediate Egret + + 
18.  Ardea alba Great White Egret + + 
19.  Ardea cinerea Grey Heron + -- 
20.  Ardea purpurea Purple Heron + + 

Family Ciconiidae     
21.  Anastomus oscitans Openbill Stork + -- 
22.  Ciconia ciconia White Stork + -- 

Family Threskiornithidae     
23.  Plegadis falcinellus   Glossy Ibis + -- 
24.  Threskiornis 

melanocephalus 
White Ibis + -- 

25.  Platalea leucorodia Spoonbill + -- 
Family Phoenicopteridae     

26.  Phoenicopterus roseus Greater Flamingo + -- 
Order Accipitriformes     
Family Accipitridae     

27.  Elanus caeruleus Black-winged Kite + + 
28.  Milvus migrans  Black Kite + + 
29.  Haliastur indus Brahminy Kite + + 
30.  Haliaeetus albicilla White-tailed Sea Eagle +  
31.  Haliaeetus leucoryphus Pallas’s Fishing Eagle + + 
32.  Gyps bengalensis White-backed Vulture + + 
33.  Gyps fulvus Griffon Vulture -- + 
34.  Aegypius monachus  Cinereous Vulture --  
35.  Circaetus gallicus Short-toed Eagle + + 
36.  Circus aeruginosus Marsh Harrier + + 
37.  Circus macrourus Pallid Harrier + -- 
38.  Accipiter badius Shikra + -- 
39.  Butastur teesa White-eyed Buzzard + -- 
40.  Buteo  buteo  Desert Buzzard + -- 
41.  Buteo rufinus Long-legged Buzzard + -- 

 
Continued… 
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Table 5 continued… 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
42.  Aquila clanga Greater Spotted Eagle + + 
43.  Aquila nipalensis Steppe Eagle + -- 
44.  Aquila rapax Tawny Eagle + -- 
45.  Aquila heliaca Imperial Eagle + -- 
46.  Hieraaetus pennatus Booted Eagle + -- 
47.  Hieraaetus fasciatus Bonelli’s Eagle + -- 

Family Pandionidae     
48.  Pandion haliaetus Osprey + + 

Order Falconiformes     
Family Falconidae     

49.  Falco tinnunculus  Kestrel + + 
50.  Falco chiquera Red-headed Merlin + + 

Order Anseriformes     
Family Anatidae     

51.  Dendrocygna javanica Lesser Whistling Teal + -- 
52.  Dendrocygna bicolor Greater Whistling Teal + -- 
53.  Cygnus columbianus Bewick’s Swan + -- 
54.  Anser  erythropus Lesser White-fronted Goose + -- 
55.  Tadorna ferruginea Ruddy Shelduck + -- 
56.  Tadorna tadorna Common Shelduck + -- 
57.  Anas acuta  Pintail + + 
58.  Anas penelope Wigeon + -- 
59.  Anas crecca Common Teal + + 
60.  Anas strepera Gadwall + + 
61.  Anas platyrhynchos Mallard + -- 
62.  Anas querquedula Garganey + -- 
63.  Anas poecilorhyncha Spotbill Duck + + 
64.  Anas clypeata Shovelller  + + 
65.  Aythya  ferina  Common Pochard + + 
66.  Aythya nyroca White-eyed Pochard + -- 
67.  Aythya fuligula Tufted Duck + + 
68.  Aythya marila Scaup + -- 
69.  Netta rufina Red-crested Pochard + -- 
70.  Nattapus coromandelianus Pygmy Cotton Teal + + 
71.  Marmaronetta 

angustirostris 
Marbled Teal + -- 

Order Galliformes     
Family Phasianidae     

72.  Francolinus francolinus Black Partridge + -- 
73.  Francolinus pondicerianus Grey Partridge + + 
74.  Coturnix coturnix Common Quail + -- 

Order Gruiformes     
Family Rallidae     

75.  Porzana porzana Spotted Crake + -- 
76.  Amaurornis phoenicurus White-breasted Waterhen + + 
77.  Gallinula chloropus Indian Moorhen + + 
78.  Porphyrio porphyrio Purple Moorhen + -- 
79.  Gallicrex cinerea Watercock + -- 
80.  Rallus aquaticus Water Rail + -- 
81.  Fulica atra Coot  + + 
82.  Porzana porzana Spotted Crake + -- 

 

Continued… 
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Table 5 continued… 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
Family Gruidae     

83.  Grus grus Common Crane + -- 
84.  Grus virgo Demoiselle Crane + -- 

Order Charadriiformes     
Family Jacanidae     

85.  Hydrophasianus chirurgus Pheasant-tailed Jacana + + 
86.  Metopidius indicus Bronze-winged Jacana + -- 

Family Recurvirostridae     
87.  Himantopus himantopus Black-winged Stilt + + 

88.  Recurvirostra avosetta Avocet + -- 
Family Burhinidae     

89.  Glareola pratincola Collared Pratincole + -- 
90.  Glareola lactea Small Indian Pratincole + -- 

Family Charadriidae     
91.  Charadrius leucurus White-tailed Lapwing + + 
92.  Vanellus vanellus Green Plover + -- 
93.  Vanellus indicus Red-wattled Lapwing + + 
94.  Vanellus malabaricus Yellow-wattled Lapwing + -- 
95.  Pluvialis squatarola Black-bellied Plover + -- 
96.  Pluvialis dominica Eastern Golden Plover + -- 
97.  Charadrius dubius Little Ringed Plover + + 
98.  Charadrius alexandrinus Kentish Plover + + 

Family Scolopacidae     
99.  Calidris minuta Little Stint + + 

100.  Calidris temminckii Temminck’s Stint + + 
101.  Calidris alpina Dunlin + -- 
102.  Philomachus pugnax Ruff + -- 
103.  Gallinago gallinago Common Snipe + + 
104.  Limosa limosa Black-tailed Godwit + -- 
105.  Numenius arquata Curlew + -- 
106.  Numenius phaeopus Whimbrel + -- 
107.  Tringa erythropus  Spotted Redshank + -- 
108.  Tringa totanus  Redshank + -- 
109.  Tringa stagnatilis Marsh Sandpiper + + 
110.  Tringa nebularia Greenshank + + 
111.  Tringa ochropus Green Sandpiper + + 
112.  Tringa glareola Wood Sandpiper + + 
113.  Tringa hypoleucos Common Sandpiper + + 

Family Laridae     
114.  Larus argentatus Herring Gull  + + 
115.  Larus heuglini Heuglin’s Gull + -- 
116.  Larus ichthyaetus Great Black-headed Gull + + 
117.  Larus brunnicephalus Brown-headed Gull + -- 
118.  Larus ridibundus Black-headed Gull + + 
119.  Larus genei Slender-billed Gull + -- 
120.  Larus canus Common Gull + -- 

Family Sternidae     
121.  Chlidonias hybridus Whiskered Tern + + 
122.  Chlidonias leucoptera White-winged Black Tern + -- 
123.  Gelochelidon nilotica Gull-billed Tern + + 

Continued… 
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Table 5 continued… 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
124.  Hydropogne caspia Caspian Tern + -- 
125.  Sterna aurentia River Tern + + 
126.  Sterna albifrons Little Tern + + 
127.  Sterna acuticauda Black-bellied Tern -- + 
128.  Sterna bergii Large Crested Tern + -- 

Family Rhynchopidae     
129.  Rhychops albicollis Indian Skimmer + -- 

Order Columbiformes     
Family Pteroclididae     

130.  Pterocles exustus Chestnut-bellied 
Sandgrouse 

+ + 

Family Columbidae     
131.  Columba livia  Blue Rock Pigeon + + 
132.  Columba eversmanni Eastern Rock Pigeon  + -- 

133. 
 Treron phoenicoptera  Yellow-legged Green 

Pigeon 
+ -- 

134.  Streptopelia decaocto Collared Turtle Dove + + 
135.  Streptopelia tranquebarica Red Turtle Dove + -- 
136.  Streptopelia senegalensis Little Brown Dove + + 

Order Psittaciformes     
Family Psittacidae     

137.  Psittacula krameri Rose-Ringed Parakeet + + 
Order Cuculiformes     
Family Cuculidae     

138.  Clamator jacobinus Pied-crested Cuckoo + -- 
139.  Eudynamus scolopacea Koel + + 

   140. 
 Centropus sinensis Greater Coucal or Crow 

Pheasant 
+ + 

Order Strigiformes     
Family Strigidae     

141.  Otus bakkamoena Collared Scops Owl + -- 
142.  Bubo bubo Eagle Owl  + -- 
143.  Athene brama Spotted Owlet + -- 

Order Caprimulgiformes     
Family Caprimulgidae     

144.  Caprimulgus asiaticus Indian Little Nightjar + -- 
145.  Caprimulgus europaeus European Nightjar + -- 
146.  Caprimulgus mahrattensis Syke’s Nightjar -- + 

Order Apodiformes     
Family Apodidae     

147.  Apus affinis House Swift + + 
Order Coraciiformes     
Family Alcedinidae     

148.  Ceryle rudis Lesser Pied Kingfisher + + 
149.  Alcedo atthis Common Kingfisher + + 
150.  Halcyon smyrnensis White-breasted Kingfisher + + 

Family Meropidae     
151.  Merops persicus Blue-cheeked Bee-eater + -- 
152.  Merops orientalis Green Bee-eater + + 

Family Coraciidae     
153.  Coracias  garrulus  European Roller + -- 

Continued… 
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S. No. Order/Family Scientific name Common name Haleji Keenjhar 
154.  Coracias bengalensis Indian Roller + + 

Family Upupidae     
155.  Upupa epops  Hoopoe + + 

Order Piciformes     
Family Picidae     

156.  Jynx torquilla Wryneck + -- 
157.  Dinopium bengalensis Lesser Golden-backed 

Woodpecker 
+ + 

158.  Dendrocopos mahrattensis Yellow-fronted Pied 
Woodpecker 

+ -- 

Order Passeriformes     
Family Alaudidae     

159.  Mirafa erythroptera Indian/Red-Winged Bush 
Lark 

+ -- 

    160. 
 Eremopterix grisea Ashy-crowned Finch 

Lark  
+ + 

161. 
 Eremopterix nigriceps Black-crowned Finch 

Lark 
-- + 

162.  Ammomanes deserti Desert Finch Lark + + 
163.  Calandrella cinerea Yarkan Short-toed Lark + -- 
164.  Galerida cristata Crested Lark + + 
165.  Alauda gulgula Oriental Sky Lark -- + 

Family Hirundinidae     
166.  Riparia paludicola Plain Martin + + 
167.  Hirundo rustica Barn Swallow + + 
168.  Hirundo smithii Wire-tailed Swallow + + 
169.  Hirundo daurica Red-rumped Swallow + -- 

Family Motacillidae     
170.  Anthus rufulus Paddyfield Pipit + + 
171.  Anthus campestris Tawny Pipit  + + 
172.  Anthus trivialis Tree Pipit + -- 
173.  Motacilla flava Yellow Wagtail + + 
174.  Motacilla citreola Yellow-headed  Wagtail + -- 
175.  Motacilla alba  Pied Wagtail + + 
176.  Motacilla maderaspatensis White-browed Pied 

Wagtail 
-- + 

Family Campephagidae     
177.  Tephrodornis pondicerrianus Common Woodshrike + -- 
178.  Pericrocotus cinnamomeus Wandering Minivet + -- 

Family Pycnonotidae     
179.  Pycnonotus leucogenys White-cheeked Bulbul + + 
180.  Pycnonotus cafer Red-vented Bulbul + + 

Family Turdidae     
181.  Cercotrichas galactotes  Rufous Chat/Rufous-

tailed Scrub Robin 
+ -- 

182.  Luscinia svecica Bluethroat + += 
183.  Phoenicurus ochruros Black Redstart + + 
184.  Saxicola caprata Pied Bush Chat + -- 

Continued… 
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S. No. Order/Family Scientific name Common name Haleji Keenjhar 
185.  Oenanthe alboniger Hume’s Wheatear -- + 
186.  Oenanthe deserti Desert Wheatear + + 
187.  Oenanthe picata Pied Chat + + 
188.  Saxicoloides fulicata Indian Robin + + 

Family Sylviidae     
189.  Sylvia nana Desert Warbler + -- 
190.  Sylvia hortensis  Orphean Warbler + -- 
191.  Sylvia curruca  Lesser Whitethroat + + 
192.  Sylvia communis Common Whitethroat + -- 
193.  Cettia cetti Cetti’s Warbler + + 
194.  Prinia buchanani Rufous-fronted Long-

tailed Warbler 
+ -- 

195.  Prinia gracilis Streaked Wren Warbler + -- 
196.  Prinia inornata Plain Prinia -- + 
197.  Prinia flaviventris Yellow Bellied Long-

tailed Warbler 
+ + 

198. 
 Prinia burnesii Long-tailed Grass 

Warbler 
+ -- 

199.  Orthotomus sutorius Tailor Bird + + 
200.  Acrocephalus stentoreus Clamorous Great Reed 

Warbler 
+ + 

201.  Acrocephalus dumetorum Blyth’s Reed Warbler + -- 
202.  Acrocephalus agricola Paddy-field Warbler + + 
203.  Hippolais caligata Syke’s Tree Warbler  + -- 

204. 
 Phylloscopus nitidus  Bright Green Leaf 

Warbler  
+ -- 

205.  Phylloscopus neglectus  Plain Leaf Warbler + + 
206.  Phylloscopus collybita Brown Leaf Warblet + -- 

Family Rhipiduridae     
207.  Rhipidura rhipidura White-browed  

Fantail Flycatcher 
-- + 

Family Muscicapidae     
208.  Muscicapa striata Spotted Flycatcher + -- 
209.  Ficedula parva Red-throated Flycatcher + -- 
210.  Hypothymus azurea Black-naped Flycatcher + -- 

Family Timaliidae     
211.  Turdoides caudatus Common Babbler + + 
212.  Turdoides earlei Striated Babbler + + 
213.  Turdoides striatus Jungle Babbler + + 

Family Nectariniidae     
214.  Nectarinia asiatica Purple Sunbird + + 

Family Dicruridae     
215.  Dicrurus macrocercus Black Drongo/King 

Crow  
+ + 

Family Laniidae     
216.  Lanius merodionalis Southern Grey Shrike + + 
217.  Lanius isabellinus Isabelline Shrike + + 
218.  Lanius schach Rufous-backed Shrike  +  
219.  Lanius vittatus Bay-backed Shrike + + 

Family Corvidae     
220.  Dendrocitta vagabunda Tree Pie + + 
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S. No. Order/Family Scientific name Common name Haleji Keenjhar 
221.  Corvas corax Common Raven  + -- 
222.  Corvus splendens House Crow + + 

Family Sturnidae     
223.  Sturnus vulgaris  Common Starling + + 
224.  Sturnus roseus Rosy Pastor + -- 
225.  Acridotheres tristis Indian Myna + + 
226.  Acridotheres ginginianus Bank Myna + + 

Family Passeridae     
227.  Passer domesticus House Sparrow + + 
228.  Passer hispaniolensis Spanish Sparrow + -- 
229.  Passer pyrrhonotus Sindh Jungle Sparrow  + -- 
230.  Petronia xanthocollis Yellow-throated Sparrow + + 

Family Ploceidae     
231.  Ploceus philippinus  Baya/Weaver Bird + -- 
232.  Ploceus manyar Streaked Weaver + + 

Family Estrilidae     
233.  Lonchura malabarica White-throated 

Munia/Indian Silver Bill  
+ + 

Family Fringillidae     
234.  Fringilla montifringilla Brambling + -- 
235.  Bucanetes githagineus Trumpeter Finch + -- 

Family Emberizidae     
236.  Emberiza buchanani Grey-necked Bunting + -- 
237.  Emberiza melanocephala Black-headed Bunting + -- 
238.  Emberiza striolata Striolated Bunting/House 

Bunting 
+ + 

 
Table 6. List of Reptiles of Haleji and Keenjhar Lakes. 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
Order Chelonia     
Family Trionychidae     

1.  Lissemys punctata  Indian Flap-shell Turtle  + + 
Family Emydidae      

2.  Geoclemys hamiltonii Spotted Pond Turtle + -- 
Order Squamata     
Family Elapidae     

3.  Bungarus caeruleus Indian Krait + + 
4.  Naja naja  Indian Cobra + + 
  Naja oxiana Oxus Cobra/Brown 

Cobra 
-- + 

Family Colubridae     
5.  Coluber fasciolatus Banded Racer -- + 
6.  Lycodon striatus Spotted Wolf Snake + + 
7.  Lytorhynchus paradoxus Sindh Awl –headed 

Snake 
+ -- 

8.  Platyceps ventromaculatus Glossy-bellied Racer + + 
9.  Platyceps rhodorachis Streaked Kukri Snake -- + 
10.  Oligodon taeniolatus Cliff Racer -- + 
11.  Psammophis condanarus Indian Sand Snake + + 

 
Continued… 



Khan et al. 1772

 

Table 6 continued… 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
12.  Psammophis leithii Pakistan Ribbon Snake + -- 
13.  Psammophis schokari Afro-Asian Sand Snake + -- 
14.  Ptyas mucosus Dhaman + + 
15.  Spalerosophis diadema Royal Snake + -- 
16.  Xenochrophis piscator Checkered-keel Back + -- 

Family Boidae     
17.  Exyx johnii Common Sand Boa + -- 
18.  Eryx conicus Russel’s Sand Boa + + 

Family Viperidae     
19.  Echis carinatus Saw-scaled Viper + + 
20.  Daboia russelii Russel’s Viper + + 

Family Lacertidae     
21.  Acanthodactylus cantoris Indian Fringe-toed Lizard + + 
22.  Ophisops jerdonii Punjab Snake-eyed Lacerta -- + 

Family Scincidae     
23.  Ophiomorus tridactylus Three-toed Sand Swimmer + -- 

Family Varanidae     
24.  Varanus griseus Desert  Monitor Lizard + -- 
25.  Varanus bengalensis Indian Monitor lizard + + 

Family Uromastycidae     
26.  Saara hardwickii Indian Spiny-tailed Lizard + + 

Family Agamidae     
27.  Trapelus megalonyx Afghan Ground Agama + + 
28.  Trapelus agilis Brilliant Agama + + 
29.  Calotes versicolor Indian Garden Lizard + + 

Family Eublepharidae     
30.  Eublepharis macularius Fat-tailed Gecko -- + 

Family Gekkonidae     
31.  Cyrtopodian kachhensis Warty Rock Gecko + + 
32.  Cyrtopodian scaber Keeled Rock Gecko + + 
33.  Crossobamon orientalis Sindh Sand Gecko + -- 
34.  Hemidactylus flavivirdis Yellow-bellied House 

Gecko 
+ + 

35.  Hemidactylus brookii Spotted Indian House 
Gecko 

+ + 

36.  Hemidactylus leschenaultia Bark Gecko + + 
Order Crocodilia      
Family Crocodylidae     

37.  Crocodylus palustris Marsh Crocodile + -- 
 

 
Table 7. List of Amphibians of Haleji and Keenjhar Lakes. 
 

S. No. Order/Family Scientific name Common name Haleji Keenjhar 
Order Anura     

Family Ranidae     
1.  Euphlyctis cyanophylictis Skittering Frog + + 

Family Bufonidae     
2.  Duttaphrynus stomaticus Indus or Marbled Toad + + 

 
Continued… 
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Table 8.  List of Fishes of Haleji and Keenjhar Lakes. 
 

S. No. Order/Family Scientific name Haleji Keenjhar 
Order Clupieformes    

Family Clupiedae    
1.  Gadusia chapra + + 
2. Osteoglossiformes Notopterus chitala + + 
3. Notopteridae Notopterus notopterus + + 

Order     
Family     

4.  Chela cachius + + 
5.  Salmostoma bacaila -- + 
6.  Securicula gora -- + 
7.  Amblypharyngodon mola -- + 
8.  Aspidoparia morar -- + 
9.  Barilius vagra -- + 

10.  Esomus danricus -- + 
11.  Rasbora daniconius + + 
12.  Barbodes sarana + + 
13.  Catla catla + + 
14.  Cirrhinus mrigala + + 
15.  Cirrhinus reba -- + 
16.  Labeo calbasu + + 
17.  Labeo dero -- + 
18.  Labeo dyocheilus -- + 
19.  Labeo gonius + + 
20.  Labeo rohita + + 
21.  Osteobrama cotio -- + 
22.  Puntius chola -- + 
23.  Puntius fimbriatus +  
24.  Puntius sophore + + 
25.  Puntius ticto + + 
26.  Cyprinus carpio -- + 
27.  Ctenpharyngodon idella -- + 
28.  Aristchthys nobilis -- + 
29.  Hypophthalmichthys molitrix -- + 

Order Siluriformes    
Family Bugridae    

30.  Aorichthys aor + -- 
31.  Mystus bleekeri -- + 
32.  Mystus cavasius + + 
33.  Mystus gulio + -- 
34.  Mystus vittatus + + 
35.  Rita rita + + 

Family Sisoridae    
36.  Bagarius bagarius -- + 
37.  Gagata cenia -- + 
38.  Nangra nangra -- + 

Family Siluridae    
39.  Ompok bimaculatus + + 
40.  Wallago attu + + 

 
Continued… 
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(Mus musculus), Indian Gerbil (Tatera indica). Indian 
Hare (Lepus nigricollis), Smooth-coated Otter (Lutrogale 
perspicillata) and Wild Boar (Sus scrofa) previously 
reported from the area were not found during our study.  
 
A total of six species recorded as they key species of 
mammals in Haleji Lake (Table 9). 
 
The threatened species of mammals of the area include 
Fishing Cat (E) and Smooth-coated Indian Otter (V). 
 
 

Table 9. Key Species of Mammals of Haleji Lake. 
 
S. No. Common name Scientific name 
1. Indian Fox Vulpes bengalensis 
2. Fishing Cat Prionailurus 

viverrinus 
3. Desert Hare Lepus nigricollis 
4. Small Indian Civet Viverricula indica 
5. Jungle Cat  Felis chaus 
6. Smooth-coated Otter Lutrogale 

perspicillata 
 

Table 8 continued… 
 

S. No. Order/Family Scientific name Haleji Keenjhar 
Family Heteropneustidae    

41.  Heteropneutes fossilis + + 
Family Schilbeidae    

42.  Ailia coila -- + 
43.  Clpisoma garua -- + 
44.  Clpisoma naziri -- + 
45.  Eutropiichthys vacha + + 

Order Beloniformes    
Family Belonidae    

46.  Xenentodon cancila + + 
Order Channiformes    
Family Channidae    

47.  Channa marulia + + 
48.  Channa  punctata + + 
49.  Channa striata + -- 

Order Perciformes    
Family Chandidae    

50.  Chanda nama + + 
51.  Parambassis baculis -- + 
52.  Parambassis ranga + + 

Family Badidae    
53.  Badius badis + -- 

Family Mugilidae    
54.  Sicamugil cascasia + + 

Family Gobidae    
55.  Glossogobium giuris + -- 

Family Belontidae    
56.  Colisa fasciata + + 
57.  Colisa lalia -- + 

Family Cichlidae    
58.  Oreochromis mossambicus + + 

Order Synbranchiformes    
Family Mastacembelidae    

59.  Mastacembelus armatus + + 
 

Legend: + present        -- absent 
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Birds 
The common birds of the area are Black-headed Gull 
(Larus ridibundus), Little Cormorant (Phalacorcorax 
niger), Purple Moorhen (Porphyrio porphyrio), Indian 
Moorhen (Gallinula chloropus), Long-legged Buzzard 
(Buteo rufinus), Coot (Fulica atra), Little 
Grebe/Dabchick (Tachybaptus ruficollis), Tufted Duck 
(Aythya  ferina), Pied Wagtail (Motacilla alba), Yellow 
Wagtail (Motacilla flava), Black Drongo (Dicrurus 
macrocercus), Pied Bush Chat (Saxicola caprata), Sand 
Martin (Riparia paludicola) and Wire-tailed Swallow 
(Hirundo smithi). 
 
A total of 13 species of birds have been recorded to be the 
key species of the area (Table 10). 
 
Table 10.  Key Species of Birds of Haleji Lake. 
 

S. No. Common name Scientific name 
1. Purple Moorhen  Porphyrio porphyrio 
2. Dalmatian Pelican Pelecanus crispus 
3. White Pelican  Pelecanus onocrotalus 
4. Pheasant-tailed 

Jacana       
Hydrophasianus 
chirurgus 

5. Cotton Teal Nettapus 
coromandelianus 

6. Pallas’s Fishing 
Eagle  

Haliaeetus 
leucorhyphus 

7. Marsh Harrier  Circus aeruginosus 
8. Common Coot  Fulica atra 
9. Grey Partridge  Francolinus 

pondicerianus 
10. Night Heron  Nycticorax nycticorax 
11. Marbled Teal  Marmaronetta 

angustirostris 
12. Greater Flamingo  Phoenicopterus roseus 
13. Moorhen   Gallinula chloropus 

 
The threatened birds of the area are White-backed 
Vulture, Gyps bengalensis (CE), Imperial Eagle, Aquila 
heliaca (V), Lesser White-fronted Goose, Anser 
erythropus (V), Pallas’s Fishing Eagle, Haliaeetus 
leucoryphus (V), Marbled Teal, Marmaronetta 
angustirostris (V), Dalmatian Pelican, Pelecanus crispus 
(V) and Egyptian Vulture, Neophron percnopterus (E) 
and Darter Anhinga melanogaster (NT).  
 
Reptiles 
Among reptiles, Indian Garden Lizard (Calotes 
versicolor), Indian Fringe-toed Lizard (Acanthodactylus 
cantoris), Glossy Bellied Racer (Platyceps 
ventromaculatus) and Yellow-bellied House Gecko 
(Hemidactylus flaviviridis) are common. 
 
The key species of the area include; Indian Monitor 
(Varanus bengalensis), Desert Monitor (Varanus griseus), 

and Spiny-tailed Lizard (Saara hardwickii), while Marsh 
Crocodile (Crocodylus palustris) is a threatened species 
of the area.  
 
Amphibians 
Skittering Frog (Euphlyctis cyanophlyctis) and Indus 
Toad (Duttaphrynus stomaticus) are commonly found.  
 
Fishes 
A total of 49 species of fishes have been recorded from 
the lake. Out of these, 10 species have very high 
commercial value such as Mori (Cirrhinus mrigala), 
Thaila (Gibelion catla), Rohu (Labeo rohita), Common 
Carp (Cyprinus carpio), Singhari (Sperata sarwari), Fauji 
Khagga (Bagarius bagarius), Malli (Wallago attu), Thalli 
(Clupisoma garua), Thalli (Clupisoma naziri) and Soul 
(Channa marulias) (Rafiq, 2009). At the present time, the 
numbers of these food fishes have drastically declined in 
the lake and now only Tilapia (Oreochromis 
mossambicus) is found in abundance. 
 
Flora 
A total of 33 species were recorded. Hydrilla verticillata, 
Phragmites karka and Typha angustata were found 
common aquatic floral species in the Haleji Lake.  
 
Keenjhar Lake 
Physico-chemical Parameters 
During the study period the water temperature of 
Keenjhar Lake in pre-monsoon varied from 28 - 330C, 
while in post monsoon it varied from 16 - 200C. The air 
temperature in pre-monsoon varied from 31- 360 C while 
in post monsoon it varied from 18- 240C. Conductivity of 
the Keenjhar Lake varied from 453 - 742µS/cm, TDS 
varied from 243 to 492mg/L, pH value ranged from 6.81 
to 8.31, turbidity ranged from 1.37 - 12.6NTU, alkalinity 
range from 28 - 107mg/l, Total Hardness varied from 58 
to 144mg/l, Salinity varied from 0.21 to 1.9mg/l, Value of 
Basic Oxygen Demand varied from 1.12 -  9.9mg/l, 
Carbon dioxide ranges from 1 to 2mg/l. Range of Calcium 
varied from 28 to 87mg/l, range of Magnesium varied 
from 38 - 106mg/l, range of Sulphates varied from 18 to 
156mg/l, Chloride ranged from 35.2 to 98mg/l, range of 
Nitrate in Keenjhar Lake was 0.04 - 0.37mg/l, range of 
Phosphate determined during the study varied from 0.006 
to 0.28mg/l, range of Cadmium varied from 0.00mg/l to 
1.32mg/l, the range of Chromium in Keenjhar Lake varied 
from 0.00mg/l to 1.01mg/l, value of Lead varied from 
0.00 - 0.013mg/l and Nickel varied from 0.01 -  0.80mg/l 
(Table 11). 
 
Biological Studies 
A total of 25 species of mammals, 121 species of birds, 
29 species of reptiles, 2 species of amphibians, 54 species 
of fishes and 258 species of plants were recorded. 
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Status of Various Species 
 
Mammals 
The common species of the mammals found in the area 
include Palm Squirrel (Funambulus pennanti), Indian 
Gerbil (Tatera indica), Indian Desert Jird (Meriones 
hurrianae), House Mouse (Mus musculus), House Rat 
(Rattus rattus), Asiatic Jackal (Canis aureus) and Indian 
Porcupine (Hystrix indica). 
 
The key species of the area include Fishing Cat 
(Prionailurus viverrina), Smooth-coated Otter (Lutrogale 
perspicillata), Bengal Fox (Vulpes bengalensis), and 
Indian Pangolin (Manis crassicaudata). 
 
The threatened species are the Fishing Cat, Prionailurus 
viverrina (E) and the Smooth-coated Otter, Lutrogale 
perspicillata (V). 
 
Birds 
A total of 121 species were recorded comprising of 
waterbirds, birds of prey, passerines and game birds. The 
common birds of the area are Shoveller (Anas clypeata), 
Tufted Duck (Aythya fuligula), Grey Partridge 
(Francolinus pondicerianus), Striated Babbler (Turdoides 
earlei), Great Grey Shrike (Lanius excubator), Ashy-
crowned Finch Lark (Eremopterix griseus), Indian Robin 

(Saxicoloides fulicata), White-cheeked Bulbul 
(Pycnonotus leucogenys), Red-vented Bulbul (Pycnonotus 
cafer), Tailor Bird (Orthotomus suturius), Bluethroat 
(Luscinia svecica), Lesser white-throat (Sylvia curruca), 
Bay-backed Shrike (Lanius vittatus), Pied Bush Chat 
(Saxicola caprata) and Crested Lark (Galerida cristata), 
while 12 species have been recorded to be the key species 
of birds (Table 12). 
 
Table 12. Key Species of Birds of Keenjhar Lake. 
 

S. No. Common name Scientific name 
1. Cotton Teal  Nettapus coromandelianus
2. Night Heron  Nycticorax nycticorax 
3. Purple Moorhen  Porphyrio porphyrio 
4. Pheasant-tailed 

Jacana 
Hydrophasianus 
chirurgus 

5. Marsh Harrier  Circus aeruginosus 
6. Greater Flamingo  Phoenicopterus rosues 
7. White Pelican  Pelecanus roseus 
8. Dalmatian Pelican Pelecanus crispus 
9. Grey Partridge  Francolinus  

pondicerianus 
10. Pallas’s Fishing 

Eagle 
Haliaeetus leucorhyphus 

11. Black-bellied Tern Sterna acuticauda 
12. Ferruginous Duck Aythya nyroca 

Table 11. Water Quality Analysis of Keenjhar Lake during 2006-2009. 
 

Parameters 
Keenjhar Lake 

Average Pre-monsoon Average Post-monsoon 
2006 2007 2008 2009 2006 2007 2008 2009 

Colour A A A A A A A A 
Odour O O O O O O O O 
Water Temperature (oC) 30.40 29.60 29.60 31.40 16.60 19.60 17.00 18.40 
Air Temperature (oC) 33.40 33.00 32.60 34.40 19.20 22.40 19.80 21.00 
Conductivity  (µS/cm) 516.80 508.20 509.80 518.40 579.40 615.80 571.40 584.20 
TDS (mg/l) 256.20 260.20 253.40 263.00 387.00 389.00 373.60 392.80 
pH 7.76 7.77 7.74 7.82 7.94 7.93 7.95 8.00 
Turbidity  (NTU) 2.59 2.45 2.35 2.68 7.11 6.92 6.63 21.72 
Alkalinity 98.22 96.66 93.94 97.80 33.60 33.40 32.20 35.60 
Total Hardness  (mg/l) 132.20 130.40 127.00 133.60 98.00 97.20 94.20 101.80 
Salinity (mg/l) 0.62 0.59 0.61 1.58 0.33 0.26 0.56 1.14 
BOD (mg/l) 8.32 8.06 7.80 8.53 1.74 1.74 1.52 1.98 
Carbon dioxide (mg/l) 1.60 1.40 1.20 1.40 1.40 1.40 1.60 1.60 
Calcium (mg/l) 77.60 74.60 69.80 78.80 34.20 34.80 31.60 38.20 
Magnesium (mg/l) 57.60 58.20 54.40 62.20 72.80 76.60 70.80 81.20 
Sulphates (mg/l) 18.80 18.80 18.20 19.00 137.20 138.40 132.80 143.60 
Chloride (mg/l) 52.38 51.46 49.22 53.44 80.20 82.00 78.20 85.80 
Nitrates (mg/l) 0.26 0.22 0.21 0.21 0.15 0.07 0.08 0.10 
Phosphates (mg/l) 0.02 0.02 0.02 0.02 0.06 0.03 0.07 0.02 
Cadmium (mg/l) 0.00 0.22 0.20 0.05 0.49 0.78 0.15 0.27 
Chromium (mg/l) 0.01 0.19 0.04 0.03 0.43 0.51 0.19 0.20 
Lead (mg/l) 0.00 0.05 0.01 0.05 0.00 0.00 0.04 0.01 
Nickel (mg/l) 0.16 0.55 0.35 0.32 0.45 0.51 0.31 0.29 
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The threatened and other rare birds recorded are: 
Ferruginous Duck (NT), Black-bellied Tern (NT), 
Dalmatian Pelican (V), White Ibis (Threskiornis 
melanocephalus), White Stork (Ciconia ciconia) and 
Cotton Teal (Nettapus cormandelianus). 
 

Reptiles 
A total of 29 species of reptiles were recorded. The key 
species include Indian Monitor (Varanus bengalensis), 
Spiny-tailed lizard (Saara hardwickii), Indian Flap Shell 
turtle (Lissemys punctata), and Fat-tailed Gecko 
(Eublepharis macularius).  
 

Amphibians 
Only 2 species were recorded viz. Skittering Frog 
(Euphlyctis cyanophlyctis) and Marbled Toad 
(Duttaphrynus stomaticus).  
 

Fishes 
A total of 54 fish species were recorded. Catla catla, 
Gadusia chapra, Heteropneustis fossilis, Labeo rohita, 
Tenuelosa ilisha, Notopterus notopterus, Wallago attu 
and Xenentodon cancila are the important fishes of 
Keenjhar Lake.  
 
Flora 
Typha angustata was found as common where as Tamarix 
spp. was found abundant. Eichhornia crassipes and 
Salvinia molesta are the common invasive species. 
 
Threatened Species of both lakes 
Based on our data 17 species including mammals, birds 
and reptiles have been recorded as Threatened species 
from Haleji and Keenjhar Lake areas (Table 13). 
 
Table 13. Threatened Species recorded from Haleji and 
Keenjhar Lake areas. 
 

S. No. Threatened Species 
Mammals  
1. Smooth-coated Otter (V) (Fig. 2) 
2. Fishing Cat (E) (Fig. 3) 
Birds  
1. Darter (NT) (Fig. 4) 
2. Ferrunginous Duck (NT) (Fig. 5) 
3. Blackbellied Tern (NT) (Fig. 6) 
4. Lesser Whitefronted Goose (V) (Fig. 7) 
5. Marbled Teal (V) (Fig. 8) 
6. Whitebacked Vulture (CE) (Fig. 9) 
7. Imperial Eagle (V) (Fig. 10) 
8. Pallas’s Fishing Eagle (V) (Fig. 11) 
9. Dalmatian Pelican (V) (Fig. 12) 
10. Egyptian Vulture (E) (Fig. 13) 
Reptiles  
1. Marsh Crocodile (V) 
2. Indian Softshell Turtle (V) 
3. Crowned River Turtle (V) 
4. Peacock Shell Turtle (V) 
5. Narrow-headed Softshell (E) 

DISCUSSION 
 
There are several factors that can adversely affect and 
change biodiversity within aquatic ecosystems. Aquatic 
biodiversity may decrease due to pollution, fragmentation, 
habitat destruction, or the introduction of an invasive 
species. In many countries, anthropogenic activities have 
lead to aquatic organisms being at a higher risk for 
extinction compared to terrestrial mammal water birds 
and amphibians (Ali et al., 2011). Many biochemical and 
physiological changes in aquatic organisms are caused by 
pesticides which influence the activities of several 
enzymes (Khan and Law, 2005). 
 
In the water samples of Haleji Lake, the pesticides of OP 
and OC groups were estimated above the maximum 
acceptable concentrations. Earlier, Siddiqui (1998) has 
also recorded much higher concentration of Dimethoate 
(OP) and DDT and Dieldrin (Cyclodiene) (OC) and 
Cypermethrin from Haleji Lake. The concentration was 
much higher in muscles and fat contents than other tissues 
of the birds. While water samples of Keenjhar Lake 
showed pesticides below the maximum acceptable 
concentration. 
 
The analysis revealed that the KB Feeder Canal is the 
major source of pollution to these lakes. Turbidity, BOD 
and COD along with other toxic pollutants such as Cd and 
Pb were found to be closer to upper limits. These 
pollutants as well as Ni are already present in the water of 
the Indus due to discharge of municipal and industrial 
effluents in it mainly from Kotri Industrial Area. The 
depletion of dissolved oxygen is the indicator of organic 
pollution harmful for fishes and other aquatic 
biodiversity. 
 
Lead and phenol levels have been found to increase after 
monsoon. This may be due to release of lead and phenol 
containing substances through the rain flow. The rain 
water, however, causes dilution, aeration and more 
biological activity as the BOD and COD load is reduced 
and solubility level of air in water is increased. 
 
Environmental Problems in Haleji Lake 
Haleji Lake used to supply water to Karachi before 2006. 
Water used to be supplied to Haleji Lake from Keenjhar 
Lake and then it was supplied to Karachi. After the 
construction of a direct supply line to Karachi from 
Keenjhar, the water of the lake has become stagnant 
which has resulted in the deterioration of water quality. 
 
The ongoing RBOD scheme construction work has 
caused much degradation in the area. The RBOD is hardly 
50-100 feet away from the lake and its water level is 20-
30 feet below the level of the wetland area. The lake may 
be affected by the seepage of its water to the drain.  
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Most of the marginal area of the lake is overgrown with 
aquatic vegetation such as Typha, Phragmites and Lotus 
along with Mesquite elsewhere. So the open water area is 
shrinking which is the habitat for many waterbirds.  
 
A Few years ago, the Apple Snail (Pomacea canaliculata) 
was introduced into the Haleji Lake. The Snail has since 
infested the lake and is now the most common species 

found within. Its negative impacts on the ecology of the 
lake need to be investigated. Intensive fish angling has 
been going on in and around the lake area. It has been 
causing disturbance to the wildlife dependant on the lake. 
 
Environmental Problems in Keenjhar Lake 
Keenjhar Lake had been receiving water from the main 
Indus River through Kalri-Baghar Feeder (KB Feeder) 

Fig. 2. Smooth-coated Otter. Fig. 3. Fishing Cat (Courtesy by true wildlife.blogspot.com). 

Fig. 4. Darter. Fig. 5. Ferrunginous Duck. 

Fig. 6. Blackbellied Tern. Fig. 7. Lesser Whitefronted Goose. 
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canal. Currently the lake’s freshwater ecosystem is under 
threat due to increased industrial and domestic effluent 
discharge through the Kalri-Baghar Feeder (KB Feeder) 
canal which carries contaminants from Kotri urban and 
Industrial area. There are a number of industries in Kotri 
which dump their effluents into the KB Feeder and these 
chemicals combined with the sewage discharged by the 
town end up in Keenjhar Lake (WWFP, 2010).  

In the Keenjar Lake, main factor affecting water quality is 
industrial discharge from Kotri and Nooriabad industries, 
while eutrophication is also a major problem in the lake. 
The lake water is being enriched with nutrients causing 
excessive plant growth. Runoff from agriculture fields 
containing chemical fertilizers triggers pollution. More 
than 15,000 people visit this lake every week in the 
season and the garbage produced is also a source of 

Fig. 8. Marbled Teal (Courtesy by sundancevillas.co.uk). Fig. 9. Whitebacked Vulture (Courtesy by thefalconrycentre.co.uk). 

Fig. 10. Imperial Eagle. Fig. 11. Pallas’s Fishing Eagle (Courtesy by indianaturewatch.net). 

Fig. 12. Dalmatian Pelican. Fig. 13. Egyptian Vulture. 
 

 



Khan et al. 1780

pollution. Tourists also pollute water by washing their 
vehicles in the lake. 
 
Tilapia species has been introduced into the lake which is 
a frequent breeder and a carnivorous fish. It has become 
widespread in the lake and has somewhat suppressed the 
native species such as Rohu, Thaila and Murakhi which 
breed in confined waters.  
 
Moreover, the plant species such as Eichhornia crassipes 
(Water Hyacinth), Salvania molesta (Water Fern) Pistia 
stratiotus (Water Lettuce) have occupied most of the open 
area. 
 
Mats of Water Hyacinth, Water Lettuce and Water Fern 
impede access to use of waterways for recreational and 
commercial purposes. These also reduce habitats of 
waterbirds, moreover, fishes are also facing threats 
because of these mats which is a negative sign for 
economy. 
 
Introduction of non-native species of plants and animals 
may damage the food web, which can in turn destabilize 
the whole ecosystem resulting in the disappearance of 
some species or a population buildup of an undesired 
species.  
 
Due to many environmental and anthropological factors, 
annual waterbird census from 2000 showed decline in 
bird population in both lakes (Table 14). Our data shows 
that Heleji Lake has a rich vertebrate biodiversity as 
compared to Keenjhar Lake (Table 15), but due to 
environmental and other anthropogenic factors, this 
wetland is threatened.  
 
Table 15. Biodiversity recorded from Haleji and Keenjhar 
Lake.  
 

S. 
No. 

Animal 
Groups 

Haleji Lake 
(number of 

species) 

Keenjhar Lake 
(number of 

species) 
1. Mammals 27 25 
2. Birds 225 111 
3. Reptiles 32 29 
4. Amphibians 02 02 
5. Fishes 42 55 

 

CONCLUSION 
 
The results of the present study defined an alarming 
situation due to pollution in the two wetlands. Detailed 
studies are required for pollution control. The 
environmental effects of unlined RBOD system passing 
through these two lakes area need to be monitored. The 
overall population of migratory waterbirds has been 
decreasing over the two wetlands due to large scale 
disturbance, hunting and trapping in Keenjhar area, while 
due to hunting and habitat degradation and poor water 
quality in Haleji Lake. Ecotourism may be developed at 
Keenjhar Lake by managing the wetland through Public 
Private Partnership Programme. Wetland conservation 
may be promoted through policy development, training, 
capacity building and awareness programs. The data is 
sufficient enough to chalkout and implement a monitoring 
program to provide protection to the threatened species 
and their habitats. Being the first study of its kind, it will 
serve as a baseline data for the future workers on the 
biodiversity and environment of the area.   
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ABSTRACT 
 
The effects of hot oil treatment on the chemical, colour and strength properties of 15-year-old cultivated Acacia hybrid 
were investigated. Logs of A. hybrid were harvested and cut at the bottom, middle and top sections. The wood sections 
were treated in the hot oil treatment process using palm oil at temperatures of 180, 200 and 220°C for durations of 30, 60 
and 90 min. The hot oil treatment process causes some modification in the wood features especially in the chemical 
constituents, colour appearances and strength properties of A. hybrid. Parameters such as temperatures and treatment 
time were closely monitored as they influence the chemical, colour and strength changes in the treated wood. The 
degradation in holocellulose, cellulose, and hemicellulose contents was recognized when acacia woods were exposed to 
oil thermally modified process. Holocellulose and celulose degraded with the increasing of treatment temperature and 
duration of heating exposure, while lignin showed the increment in content through this treatment.  The colour changes 
in the sap and heartwood were measured using a Minolta Chroma-meter CR-310 and the results are presented in the CIE 
L*a*b* colour co-ordinates system. The results show that the colour of the treated  sapwood can be improve to match the 
colour of the natural A. hybrid heartwood. The strength properties of the oil heat treated A. hybrid wood decreases in 
values of both MOR and MOE throughout the treatment process. The decreases in values were influenced by 
temperature and duration of the treatment.  
 
Keywords: Cultivated  Acacia hybrid,  hot oil  treatment process, chemical changes, colour changes, strength reductions.  
 
INTRODUCTION 
 
Declining of timbers from the natural forests has 
pressured the wood-based industry to shift to forest 
plantation for consistent supply of wood. The sensitivity 
of the consumers in Europe and North America about 
logging activities of naturally grown species from tropical 
rainforest has further aggregate the problem. Plantation 
forestry rotations which are shorter than of natural stands 
provide attractive investments for government and private 
sectors to fulfill the needs of the timber industries and, at 
the same time, conserve the natural forest from 
continuously being depleted by logging activities. Acacia 
which can easily adapted itself to the local soil condition, 
having high growth rate and possess high wood quality 
make them most suitable for used as a plantation species.  
 
The hot oil thermal process seems to be a suitable 
modification because of its competitive advantage as an 
environment friendly process, since it does not require the 
uses of chemicals preservative (Razak et al., 2011, 2005). 

Most of current woods treatment techniques uses 
preservative which are harmful and has negative effect to 
the environment. Corome Copper Arsenic (CCA) treated 
wood which has heavy metals and can discharge toxin to 
the environment has totally been banned by many 
developed countries (Berard et al., 2006).  The advances 
in environmental awareness and the implementation of 
policies which support the use of renewable resources and 
environment-friendly chemicals have resulted in high 
interest in the uses of non-biocides. Effort has been put 
forward in developing new chemical wood preservatives 
with no or little impact to the environment (Hyvonen et 
al., 2006).  
 
The present study investigated on the changes that 
occurred in the main chemical components of an oil heat 
treated cultivated A. hybrid, their effects on the colour 
appearances and strength of the wood. Chemical 
constituents, colour changes and strength properties are 
parameters that influenced durability, appearances and 
stability of the wood. The results of this study will be 
beneficial in improving the technologies in treating acacia 
wood for the industry. *Corresponding author email:  razak@umk.edu.my
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MATERIALS AND METHODS 
 
Materials    
A. hybrid wood was cut from the 15-year-old A. hybrid 
trees obtained from the Sabah Forest Development 
Authority in Kinarut, Kota Kinabalu, Sabah, Malaysia. 
The trees were selected based on their long straight bole 
with minimum branches, good physical appearances and 
diameter ranging from between 250 to 300 mm.  The logs 
were cut and segregated into different height, namely, 
bottom, middle and top sections, corresponding to 50, 30 
and 20% of the merchantable height respectively. Blocks 
of 600 mm long were cut from the middle of each section. 
The wood blocks were then transported to Universiti 
Malaysia Sabah (UMS) for further processing and 
subsequent testing. The study was conducted in UMS 
from Jan. 2009 to Oct 2010. 
 
Sample preparation    
The wood blocks were air dried at room temperature for 
about a month to reduce the moisture to equivalent 
moisture content (15%) and to remove stresses in them. 
After drying, the wood blocks were planed into sizes of 
300 mm × 100 mm x 25 mm (length × width × thickness) 
for the oil heat treatment process.  These samples were 
mixture of sapwood and heartwood. They were then oil 
heat treated using palm oil as the heating medium. 
Untreated wood were used as control for comparison 
purposes. 
 
Hot oil thermal modification process   
A. Hybrid samples were hot oil treated in a stainless steel 
tank connected to a locally designed heat treatment 
machine. Palm oil was used as the heating medium. The 
temperatures of the oil and the wood samples were 
control through a control panel located on the out-side of 
the tank. An electric generator was used to generate heat. 
The wood samples moisture were stabilized to 12% in a 
conditional chamber set at 65% relative humidity and 
temperature 25 °C before they were put into the tank. 
Eighty woods were prepared prior to the treatment. The 
weights of the woods were recorded before and after 
treatment to determine weight loss caused by the 
treatment. The tank was filled with the oil until it reached 
three quarters full. The treatment temperature and 
duration were set at 180°C, 200°C and 220°C for 30, 60 
and 90 min. respectively. The wood samples were initially 
placed into hot oil at 80°C and the real treatment time 
started only when the oil bath reached the targeted 
temperature. The temperatures were recorded every 10 
min respectively. At the end of each treatment period, the 
wood samples were taken out from the tank and wiped 
clean with cloth to avoid oil seeping into the wood 
tissues. The wood samples were later cooled and 
conditioned in a conditioning chamber set at 20 ± 2 ºC 
and 65 ± 5% relative humidity before reweighing. The 
wood samples were later cut into various sizes for 

respective testing for chemical analysis and strength tests.  
The procedure Razak et al. (2005) were followed for the 
wood treatment and testing. 
 
Chemical Properties 
Chemical Analysis  
The main chemical components evaluated in the oil heat 
treated wood were the alcohol-toluene solubility, 
holocellulose, alpha-cellulose and klason lignin. 
Separated chemical analysis was done each for the 
sapwood and heartwood respectively. The amount of 
chemical constituents presents were calculated based on 
their ratios. Tests were conducted in accordance with 
using TAPPI T203 om-99 (1999) and TAPPI T222 om-02 
(2002) standards. 
 
Wood Sample Preparation   
In the study of the chemical constituents the wood were 
divided into 2 groups namely the sapwood and 
heartwood. The woods were chipped before undergoing 
grinding process. Willey's mill was used in turning the 
wood into powdery form in order to pass BS 40-mesh 
sieve and retained on a BS 60-mesh sieved. The grinded 
samples were then dried for 7 days until their moisture is 
in equilibrium with the atmosphere before undergoing 
chemical analysis process. 2g air-dried sawdust was 
placed in the weighing bottle and weigh to the nearest 
0.01 g. The sawdust was later dried in an oven set at 
103±2°C for 3 hours with the cover off. The bottle was 
then taken out and placed in a desiccators for 15min. 
Moisture content of the sawdust was later determined. 
 
Colour Measurement of Hot Oil Heat Treated Wood    
Measurement for colour were taken before and after the 
wood samples had completed the hot oil treatment process  
at temperatures 180, 200, 220ºC for treatment time of 30, 
60, and 90 minutes respectively. The surfaces on the 
woods to be measured were marked before undergoing 
the hot oil heat treatment process. This was to ensure the 
wood surface measured were consistent throughout the 
process. Marked point was made using a sharp pencil on 
the wood surfaces measuring 2 x 2 cm at the cross-
sectional surface of each sapwood and heartwood. This 
section in the wood was the most representative area for 
revealing the colour difference (Unsal et al., 2003). 
Measurement for the colour appearances were done at the 
middle of each sapwood and heartwood in the cross 
sections of the A. hybrid  at each section height. The 
samples were sanded slightly for about 3 mm using P100 
sandpaper and brushed cleanly to minimize the risk of 
colour variation values cause by differences in surface 
structure. Measurements of colour appearances were done 
in accordance to the CIE L*a*b* (1986) system using a 
Minolta Chroma Meter CR-10. The colour reader 
measures the colour difference on the surface of wood 
specimens between two colours which that before and 
after treatment. The results were presented following the 
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CIE L* a* b* colour co-ordinates system base on the D65 
light source with the reflection spectrum measured in the 
400 – 700 nm regions. The values were used to calculate 
the colour change as a function of thermal treatment.  
 
Strength Properties (Modulus of Rupture and 
Modulus of Elasticity in Static Bending)   
Evaluation of the modulus of rupture (MOR) and modulus 
of elasticity (MOE) in Static Bending static bending of 
the wood was conducted in accordance with ASTM 
D4761 (1999) standard. A Universal Testing Machine 
located in Forest Research Center, Sandakan, Sabah, was 
used for bending testing. The dimensions of wood 
samples for static bending test were 20 x 20 x 300 mm. 
The specimen was supported on a span of 280 mm and 
the force applied at mid-span using a loading head. The 
rate of loading was 6.6 mm/min. Wood were loaded on 
the radial surface. The tests were stopped when the wood 
started to break. The proportional limit and ultimate load 
and deflection were recorded, and the MOE and MOR 
were calculated automatically by the computer connected 
to the machine.  
 
RESULTS AND DISCUSSION 
 
Chemical Properties 
 
Table 1 shows the chemical composition of the treated 
acacia wood before and after undergoing the hot oil 

treatment process. Both the control sapwood and 
heartwood had the highest chemical compositions of 
holocellulose and cellulose compared to the hot oil heat 
treated wood at various treatment temperature and time. 
The results clearly showed that the changes of chemical 
components compositions occurred when the wood were 
treated at higher temperature and duration (Razak et al., 
2011; Izyan et al., 2010). At temperature above 180°C, 
the hot oil treated wood experiences the loss of 
polysaccharide material (Hill, 2006). The holocellulose 
contents varied between 63.1% and 70.8% for the hot oil 
treated sapwood. The cellulose contents between 37.7% 
and 46.2%, with hemicelluloses contents varied between 
23% and 26.1% and lignin between 19.2% and 24.9% at 
180-220°C with 30 to 90 minutes treatments. For the 
heartwood, the holocellulose contents for treated varied 
between 64% and 71.7%, cellulose between 38.1% and 
47.8%, hemicelluloses contents varied between 23.2% 
and 26.2% with and the lignin between 22.4% and 27.0% 
at 180 - 220°C with 30 to 90 minutes treatments.  
 
Holocellulose: Slight reduction on the holocellulose 
contents in the treated sapwood and heartwood occurred 
with the increment in of treatment temperature and time 
in comparison to both untreated sapwood and heartwood. 
The holocellulose contents for sapwood ranged between 
63.1 to 70.8 % and for heartwood from 64.0 to 71.7%  
depending on the temperature and duration applied. 
Studies by Inari et al. (2007) and Boonstra and Tjeerdsma 

Table 1.  Average values of chemical changes of 15-year-old oil heat-treated A. hybrid wood. 
 

Wood 
type 

Temp. 
(ºC) 

Treatment  
 duration (min) 

Chemical Composition (%) 
Holocellulose Cellulose Hemicellulose Lignin 

Sapwood Control Control 71.5 (0.00) 47.1 (0.00) 24.4 (0.00) 20.8 (0.00) 
 180 30 70.8  (-1.0) 46.2  (-1.9) 24.6  (0.8) 20.7 (-0.5) 
  60 69.7  (-2.5) 45.1  (-4.2) 24.6  (0.8) 22.0  (5.8) 
  90 66.6  (-6.9) 43.6  (-7.4 23.0 (-5.7) 22.1  (6.3) 
 200 30 68.6  (-4.1) 42.5  (-9.8) 26.1 (7.0) 23.9 (14.9) 
  60 65.3  (-8.7) 39.2 (-16.8) 26.0 (6.6) 23.8 (14.4) 
  90 64.5 (-9.8) 38.5 (-18.3) 26.0 (6.6) 24.7 (18.8) 
 220 30 66.4  (-7.1) 41.6 (-11.7) 24.8 (1.6) 23.7 (13.9) 
  60 64.9  (-9.2) 38.9 (-17.4) 26.0 (6.6) 24.3 (16.8) 
  90 63.1 (-11.7) 37.7 (-20.0) 25.4 (4.1) 24.0 (15.4) 
Heartwood Control Control 73.4 (0.00) 48.9 (0.00) 24.5 (0.00) 22.4 (0.00) 
 180 30 71.7 (-2.3) 47.8  (-2.3) 23.9 (-2.5) 21.7  (-3.1) 
  60 70.6 (-3.8) 46.3  (-5.3) 24.3 (-0.8) 22.9  (2.2) 
  90 67.9  (7.5) 44.7  (-8.6) 23.2 (-5.3) 23.0  (2.7) 
 200 30 68.8  (-6.3) 42.6 (-12.9) 25.9 (5.7) 24.5  (9.4) 
  60 68.3  (-6.9) 42.1 (-14.0) 26.2 (6.9) 24.9 (11.2) 
  90 66.5  (-9.4) 40.9 (-16.4) 25.6 (4.5) 25.0 (11.6) 
 220 30 67.1  (-8.6) 42.0 (-14.1) 25.7 (4.9) 24.7 (10.3) 
  60 65.1 (-11.3) 39.7 (-18.8) 25.4 (3.7) 24.8 (10.7) 
  90 64.0 (-12.8) 38.1 (-22.1) 25.9 (5.7) 24.9 (11.2) 

 

( ) = % change from control,  
Holocellulose is the total polysaccharide fraction of wood that is composed of cellulose and all of the hemicelluloses and what is 
obtained when the extractives and lignin are removed from the natural material.
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(2005) also reported similar observations. The 
holocellulose content of beech and pine decreases 
between 50% and 60% after heat treatment (Inari et al., 
2007). Boonstra and Tjeerdsma (2005) noted that 
holocellulose content of heat treated Scots pine decreased 
between 79.7% and 63.3%. The decreases occurred when 
the wood were heated at a temperature above 100°C (Hill, 
2006). The content decrease is associated with the loss of 
cellulose and hemicellulose chains during the process.  
 
Cellulose: The cellulose content determined for the hot 
oil treated sapwood was between 80 - 98% and heartwood 
between 78-97%. The results showed occurrence of minor 
degradation in celluloses content when the wood were 
treated at 180°C for 30 min and continue to decrease with 
the increase in treatment temperature. From the analysis 
of molecule size of cellulose in heat treatment by using 
intrinsic viscosity measurement, it showed that heat 
treatment results in a considerable reduction in molecule 
size of cellulose. Different process conditions and 
treatment time applied during the heat treatment can 
influence the degradation rate of cellulose content 
(Boonstra and Tjeerdsma, 2005). The degree of 
polymerization of cellulose is already decreased in 
thermally treated spruce at temperatures above 120°C due 
to cleavage of the glucosidic bonding that is accelerated 
by the presence of acids that catalyzed the reaction 
(Fengel and Wegener, 1989). Chain scission of the 
cellulose occurred with extended heating, producing 
alkaline soluble oligosaccharides, with a concomitant 

decrease in the cellulose degree of polymerization (DP) 
and degree of cyrstallinity (Hill, 2006).  
 
Hemicellulose: Hemicelluloses content for both heat 
treated sapwood and heartwood showed fluctuation 
values, but with no specific trend. The hemicelluloses for 
sapwood experiences changes in content from 24.4% in 
control to 26.1% in heat treated samples. While in the 
heartwood the content changes from 24.5% to 26.2%. 
Both wood experiences an increases in the hemicelluloses 
contents. A study by on Grevillea robusta wood found 
that the increment in lignin content with treatment time 
confirming higher susceptibility of hemicelluloses to 
thermal treatment (Mburu et al., 2008). Rowell et al., 
(2005), stated that the hemicelluloses change is 
predominate at temperatures below 200°C. When wood 
undergo a heat treatment process, most of the heat labile 
hemicelluloses begins to deteriorate, resulting in the 
output of methanol, acetic acid and other volatile 
heterocyclic compounds (Hill, 2006). Acetic acid is 
produced when the acetylated hydroxyl groups of the 
hemicellulose chains are split off during the heating 
(Johansson, 2008). Volatile organic acids formed during 
to the heating of wood are trapped and promote the 
degradation rate (Viitaniemi, 2001).  
 
Lignin: The lignin content of sapwood and heartwood in 
the A. hybrid increases with temperature and heat 
treatment duration.  
 

 

Table 2.  Average values of colour variation in L*, a* and b* of oil heat-treated A. hybrid wood. 
 

Wood 
types 

Temp. 
(ºC) 

Treatment 
duration (min.) 

L* a* b* 
B M T B M T B M T 

 Control Control 73.6 73.0 71.4 6.9 6.6 7.3 21.2 22.3 21.4 
  30 66.7 70.0 65.5 7.4 8.7 8.5 21.9 23.3 23.4 
 180 60 65.4 62.7 63.0 8.8 9.9 9.8 25.7 26.3 24.1 
  90 65.6 61.9 62.9 9.3 10.9 10.2 27.3 27.5 26.3 
  30 63.5 63.5 58.2 9.5 10.0 9.9 26.4 26.1 26.2 

Sapwood 200 60 56.9 57.2 56.9 11.4 11.9 10.7 27.5 27.1 26.5 
  90 50.7 54.6 51.6 12.2 12.4 12.2 27.9 28.9 28.0 

  30 56.5 53.0 53.4 11.7 10.6 10.3 27.6 26.9 26.7 
 220 60 48.7 47.9 43.2 12.3 12.7 11.2 27.8 27.6 27.8 
  90 41.5 40.6 39.2 13.9 13.5 12.6 28.1 29.3 28.9 

 Control Control 54.1 54.8 53.5 14.2 15.1 13.9 26.8 26.3 25.2 
  30 53.6 52.7 52.9 13.4 12.9 12.0 25.0 24.8 24.1 
 180 60 51.7 51.6 50.7 11.9 11.1 11.5 23.6 23.2 23.5 
  90 50.4 50.2 48.2 11.2 10.8 10.7 23.0 21.5 22.3 
  30 51.4 52.1 48.6 11.5 10.3 11.3 23.7 24.1 23.9 

Heartwood 200 60 49.1 50.5 46.9 11.0 9.7 10.7 23.4 21.5 21.9 
  90 45.9 46.7 43.5 9.9 8.9 10.2 23.1 21.2 20.9 
  30 50.7 50.8 46.3 10.0 9.0 10.2 22.6 22.9 21.0 
 220 60 46.6 47.4 38.8 8.3 8.3 8.4 21.1 19.8 17.2 
  90 40.0 40.9 33.1 6.7 7.1 7.3 20.5 19.0 15.1 

 

Note:  Temp. = temperature, L*= lightness,  a* = red,  b* = yellow, B = Bottom,  M = Middle, T = Top 
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There was an increment of lignin content in the sapwood 
from 20.8% (untreated wood) to 24.7% (hot oil treated 
wood), while the lignin content of the heartwood from 
22.4% (untreated heartwood) to 25.0% (hot oil treated 
wood). Similar observations were also made by Brito et 
al. (2008), Mburu et al. (2008), Inari et al. (2007), Yildiz 
et al. (2006) and Sarni et al. (1990) in their respective 
heat treatment studies. Changes in the lignin constituents 
indicated some changes occurred in the lignin structure of 
wood. Sandermann and Augustin (1964) stated that the 
loss of polysaccharides material during the heating 
process leads to an increase in the lignin content of wood.  

Analysis of Variance on Chemical Composition  
Significant different were observed between the 
temperatures and treatment duration relating to content of 
lignin (see Table 5). Almost all of the chemical 
components were significantly affected by temperature, 
treatment duration and wood types. Significant different 
were also noted between the treatment temperature, 
duration and wood type of the treatment in the 
constituents of holocellulose, cellulose and lignin. It can 
be concluded that the effects of treatment temperature, 
duration and wood types were the primary caused in the 
change in chemical constituents of these chemical 

 

Table 3. Bending strength (MOR, MOE) of sap- and heartwood A. hybrid through hot oil-heat treatment process. 
 
 

Wood 
Type 

Temp. 
(ºC) 

Treatment 
duration (min) 

MOR (N/mm²) MOE (N/mm²) 
B M T B M T 

Sapwood Control Control 69.78 67.22 65.08 3864.54 3803.57 3776.72 
  30 64.05 

(8.21) 
61.98 
(7.80) 

63.37 
(2.63) 

3535.7 
(8.51) 

3455.43 
(9.15) 

3492.52 
(7.53) 

 180 60 63.43 
(9.10) 

59.66 
(11.25) 

52.23 
(19.74) 

3475.95 
(10.06) 

3416.45 
(10.18) 

3265.79 
(13.53) 

  90 62.31 
(10.71) 

55.82 
(16.96) 

47.99 
(26.26) 

3470.29 
(10.20) 

3412.22 
(10.29) 

3207.16 
(15.08) 

  30 55.06 
(11.64) 

54.85 
(18.40) 

45.31 
(30.28) 

3407.97 
(11.81) 

3328.01 
(12.50) 

3094.19 
(18.07) 

 200 60 60.11 
(13.86) 

54.70 
(18.63) 

44.86 
(31.07) 

3333.09 
(13.75) 

3228.98 
(15.11) 

3035.35 
(19.63) 

  90 55.38 
(20.64) 

50.41 
(25.01) 

42.85 
(34.16) 

3244.75 
(16.04) 

3172.19 
(16.60) 

2972.25 
(21.30) 

  30 53.9 
(22.76) 

49.72 
(26.03) 

40.57 
(37.66) 

3216.75 
(16.76) 

3101.06 
(18.47) 

2938.18 
(22.20) 

 220 60 51.42 
(26.31) 

46.89 
(30.14) 

38.15 
(41.38) 

3133.38 
(18.92) 

3046.50 
(19.90) 

2716.33 
(28.08) 

  90 41.21 
(40.94) 

40.33 
(40.00) 

37.03 
(43.10) 

3001.51 
(22.33) 

2787.39 
(26.72) 

2599.31 
(31.18) 

Heartwood Control Control 68.51 70.76 90.43 3975.49 4004.07 4067.94 
  30 67.42 

(1.59) 
65.24 
(7.80) 

66.70 
(26.24) 

3676.91 
(7.51) 

3637.29 
(9.16) 

3721.56 
(8.51) 

 180 60 66.77 
(2.54) 

63.47 
(10.30) 

54.98 
(39.20) 

3658.9 
(7.96) 

3634.52 
(9.23) 

3437.94 
(15.49) 

  90 65.59 
(4.26) 

58.81 
(16.89) 

51.06 
(43.54) 

3587.34 
(9.76) 

3599.88 
(10.09) 

3376.74 
(16.08) 

  30 63.27 
(7.65) 

58.75 
(16.97) 

47.74 
(47.21) 

3577.19 
(10.02) 

3547.83 
(11.39) 

3291.87 
(19.08) 

 200 60 58.8 
(14.17) 

57.74 
(18.40) 

47.7 
(47.25) 

3545.84 
(10.81) 

3503.17 
(12.51) 

3229.33 
(20.62) 

  90 58.57 
(14.51) 

53.63 
(24.21) 

45.67 
(49.50) 

3488.98 
(12.24) 

3435.31 
(14.20) 

3162.30 
(22.26) 

  30 57.96 
(15.40) 

52.89 
(25.25) 

43.62 
(51.76) 

3422.08 
(13.92) 

3299.28 
(17.60) 

3159.49 
(22.33) 

 220 60 55.30 
(19.28) 

50.42 
(28.75) 

41.02 
(54.6() 

3369.22 
(15.25) 

3275.80  
(18.19) 

2920.83 
(28.20) 

  90 44.31 
(35.32) 

44.7 
(36.83) 

39.81 
(55.98) 

2997.64 
(24.60) 

3227.43 
(19.40) 

2794.95 
(31.29) 

 

Note:  (  ) = % change from control samples, B = Bottom, M = Middle, T = Top
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component. There was no significant difference in the 
wood type in the treatment relating to the content of 
hemicelluloses. The wood types did not affect the 
changed in hemicellulose content in oil thermally 
modified process. The effect of the temperature and 
treatment duration causes the decrement in hemicellulose 
constituents. The changes in the chemical contents of the 
wood increased with the increased in temperature. The 
chemical constituents in A. hybrid wood were highly 
affected by the hot oil treatment temperature, duration and 
wood types in oil thermally modified process.  
 
Colour Changes  
Table 2 presents the colour changed values of treated 
sapwood and heartwood. Based on the colour 
measurement of both the sapwood and heartwood, the 
effect on colour through oil heat treatment can be readily 
observed at different treatment temperature and treatment 
time, compared to the original color of the specimen. 
 
Lightness (L*) of Wood Colour 
The factor that effect the colour changes for both the 
sapwood and heartwood is the lightness (L*). The 

variation in L* has as more responsive sign in the colour 
change to the human eye which accompany the change in 
chromic characters a* and b* (Keey, 2004). Thulasidas et 
al. (2006) reported that the variability in darkness or 
lightness is the main cause of wood colour variability.  
 
The changed in lightness (L*) values for both the 
sapwood and heartwood showed decreases in lightness in 
the first 30 minutes of every treatment. The changes 
continued progressively with the increase of  treatment  
temperature and  duration. The L* values of heartwood 
did not changed considerably when compared to L* 
values of sapwood.  This might be due to the brightness in 
the wood colour itself as the sapwood of acacia has a 
brighter colour than heartwood. The sapwood becomes 
slightly darker, while heartwood becomes considerably 
darker when exposed to vary treatment conditions.  
 
The bottom, middle and top sections of the sapwood 
treated at 220°C in 30 minutes showed L* values almost 
similar with L* values of untreated heartwood. This also 
can be observed obviously from the below figure shown.   
 

Table  4.  Correlations between mechanical, colour and chemical properties of 15 year-old cultivated  A. hybrid. 
 

Wood 
Properties MOR MOE L* a* b* Holo Hemi Cell Lignin 

          
MOR 1.00 0.60** 0.40** -0.06 ns 0.02 ns  0.42** -0.19* 0.42** -0.36** 
MOE  1.00 0.34** 0.05 ns -0.01 ns 0.35** -0.24** 0.37** -0.31** 
L*   1.00 -0.37** 0.11 ns 0.51** -0.33** 0.53** -0.75** 
a*    1.00 0.47** 0.11 ns -0.02 ns  0.10 ns 0.15* 
b*     1.00 -0.07 ns -0.07 ns -0.04 ns  -0.01 ns 
Holo      1.00 -0.34** 0.96** -0.69** 
Hemi       1.00 -0.59** 0.61** 
Cell        1.00 -0.77** 
Lignin         1.00 

 

Table 5. ANOVA on chemical compositions of oil heat treated 15 year-old Acacia hybrid. 
 

Source of Variance 
 

 
Dependent Variable 

 
Sum of Squares 

 
Df 

 
Mean Square 

 

 
F-Ratio 

 Holocellulose 1618.96 3 539.65 564.15** 
Temperature Hemicellulose 139.12 3 46.37 85.82** 
 Cellulose 2460.23 3 820.08 1018.75** 
 Lignin 368.90 3 122.97 461.45** 
 Holocellulose 250.82 2 125.41 131.10** 
Duration Hemicellulose 7.43 2 3.72 6.88** 
 Cellulose 210.26 2 105.13 130.60** 
 Lignin 12.69 2 6.35 23.81** 
Wood types Holocellulose 96.80 1 96.80 101.20** 
(Sap and  Hemicellulose 0.01 1 0.01 0.01ns 
Heartwood) Cellulose 95.20 1 95.20 118.27** 
 Lignin 52.22 1 52.22 195.94** 

 


