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Abstract 

Fungi and bacteria are heterotrophic decomposers that grow on organic matter and occupy 

various habitats in mangrove forests. This paper deals with the distribution and diversity of air-

borne microbiota (fungi and bacteria) under a mangrove forest at Sandspit, Pakistan. A 

permanent stand was set up at Sandspit to observe the qualitative and quantitative variations 

throughout the year, using petri plate techniques. During the study, a total of 16 fungal species, 

viz., Aspergillus niger, A. fumigatus, A. sulphureus, A. terreus, A. wentii, A. flavus, Alternaria 

alternata, A. maritima, A. porri, Alternaria sp., Rhizopus varians, Mucormucedo, Penicillium 

sp., P. notatum, Dreshellera biseptata, Exosporiella fungorum, Cladosporium oxysporum 

and14420 ± 267 bacterial colonies were recorded from the selected site. The study revealed that 

the fungi were the major component of airborne microflora in mangrove environment. It was 

observed that both fungal species and number of bacterial colonies were higher in summer than 

in winter. It is anticipated that the temperature and salinity of sea-water directly affect the 

diversity of fungi and bacteria in mangroves environment. The maximum diversity H´ (1.906) 

was recorded in August whereas the minimum H´ (1.053) was recorded in March. It is hoped 

that this research will add to our knowledge pertaining to the distribution and diversity of the 

airborne microbiota (bacteria and fungi) in mangrove ecosystem.  
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Introduction 

Mangroves are highly dynamic ecological 

entities which supply energy to aquatic as well as 

terrestrial habitats through their production and 

decomposition of plant debris. The primary 

productivity of the mangroves is enormous and 

various organisms such as woodborers, fungi and 

bacteria are involved in recycling the detritus 

(Vittal and Sarma, 2006). Fell and Masters (1973) 

stated that fungi are the primary decomposers of 

mangrove leaves because of their ability to 

degrade cellulose and lignin which, together, 

form the major component of cell walls in the 

leaves. Fungi in conjunction with bacteria break-

down leaf litter rapidly (Fell et al., 1975). In fact, 

they are more effective decomposers than bacteria 

because they can penetrate in the tissues of host 

(Tomlinson, 1986). Kohlmeyer and Kohlmeyer 

(1979) described the mangal as a home to a group 

of fungi and nominated as manglicolous fungi.  

The airborne fungi alongwith other microbes 

play an important role in the energy turnover of 

the mangrove ecosystem (Hyde and Jones, 1988). 

Topbas et al. (2006) reported that the airborne 

fungi and bacteria are the most common 

organisms found in air-pollution. They originate 

from different environments, such as soil, plants 

and water, and may be transferred to air by 
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different environmental factors like inundation, 

wind or by wave action from the environment. 

Their main habitats may be trunk, aerial roots, 

soil and the mangrove canopy. Ong (1995) stated 

that the harmful bacteria and fungi are 

continuously destroying mangrove forests at an 

alarming rate. Fungi have long been recognised as 

causal agents of plant diseases associated with the 

elaboration of one or more phytotoxins (Stierle et 

al., 1988).  

Only few studies (Mehdi and Saifullah, 

1992a,b; Mehdi et al., 2000; Tariq et al., 2008) 

reported a large number of fungi on leaves barks, 

roots, fruits and soil but no study has previously 

been conducted on airborne microflora of 

mangroves at Pakistan’s coast. Therefore, it was 

imperative to record and quantify the abundance 

and diversity of air-borne fungi and bacteria 

colonies in mangrove ecosystem to ensure the 

conservation of these forests. The major 

objectives of this study were 

1. To determine the qualitative and 

quantitative distribution of airborne fungi 

at Sandspit mangrove areas of Pakistan.  

2. To calculate the species diversity of 

fungal species.  

3. To examine the number of bacterial 

colonies corresponding to monthly 

variations under mangroves forests.  

Materials and Methods 

Study area: Sandspit coastal area is located 

South-West of Karachi, stretches about 20km 

along the Arabian Sea coast with extensive inter 

tidal mudflats and some mangrove swamps 

behind the beach. A permanent stand was set up 

from March 2008 to February 2009 at this 

mangrove site due to accessibility throughout the 

year. 

Petri plate technique was used with five 

replications. Media plates containing Czepeek 

Dox Agar (PDA) were exposed to air at a height 

of 1.5m above the ground for 15 to 20 minutes 

(Topbas et al., 2006) and brought to the 

laboratory. The general laboratory techniques 

were followed by Kohlmeyer and Kohlmeyer 

(1979) and Hyde and Jones (1988). The fungal 

and bacterial colonies were formed after an 

incubation period of 7 days at 32 ± 2 ºC. The 

colonies were counted with colony counter and 

the fungal colonies growing on plates were 

identified on the basis of morphological 

characters by Ellis (1971); Booth, (1971); 

Thomas and Raper (1945) and Rifai (1987).  

Species diversity was measured following 

Shannon and Wiener’s (1963) method. Species 

richness was measured using the index proposed 

by Menhinick, (1964). The equitability index was 

estimated by Pielou’s (1969) method and the 

concentration of dominance was calculated by 

Simpson’s (1949) method.  

The five physical parameters, i.e., pH, 

dissolved oxygen (mg/L), conductivity (mS/cm), 

total dissolved solids (g/L) and salinity (ppt) were 

recorded on monthly basis using multiparameter 

(model Sension TM
105

). 

Resultsand Discussion  

The cultural plates under the mangrove forest 

produced a total 566 ± 26colonies belonging to 

sixteen fungal species and seven genera (Table 1) 

14420 ± 267 bacterial colonies with showed great 

variations (Fig. 1). The reason for these variations 

lies in the interplay of arid and marine influences. 

According to MacArthur and Wilson (1967), the 

climatic variations affect the stability, rate of the 

distribution and perhaps the mode of speciation. 

Mehdi and Saifullah (1992a) and Mehdi et al. 

(2000) also reported the seasonal occurrence of 

fungi on seedlings of Avicennia marinain 

mangrove forests. According to them, these 

variations not only affected the growth but also 

brought differences in types of species.  

The most reproductive of fungi were 

Aspergillus niger with 138 colonies (24.3%), A. 

flavus with 67 colonies (11.8%), Mucor mucedo 

54 (9.54%), Penicillium 44 (7.7%), Aspergillus 

fumigatus 43 (7.3%), A. terreus 40 (7%), 

Alternaria alternata 37(6.5%), Rhizopus sp. 

25(4.4%), Alternaria sp. 22(3.8%), Penicillium 

notatum 20(3.5%), Exosporium fungosum 

20(3.5%), Alternaria maritima 16(2.8%), 

Dreshellera biseptata 14 (2.47%), Aspergillus 

wentii 12 (2.1%), A. sulphurus 8 (1.41%) and 

Alternaria porri with 6 colonies (1.6%). The 

fluctuations in number of species may be partially 

explained in term of the substrata availability but 

the physical factors affecting growth and spores/ 

conidia were obviously important. Mangrove 

substrate provides better place to survive fungal 

spores and conidia during unfavourable 

conditions. They may inhabit mangrove litter or 
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soil which enables them to survive without 

migration until favourable resources are available 

for colonisation. The mycelium of these fungi 

grows in leaves under aerobic conditions but 

develops on exposure to moist air. When the 

results were analysed with respect to the genus, 

Aspergillus also ranked first among other genera 

due to competitive nature against marine fungi. It 

was interesting that Alternaria and Dreshellera 

biseptata recorded in July and October possibly 

due to production of some of the largest conidia, 

made these two species late successional colonists 

of the mangrove forests (Dickinson, 1976; 

Flannigan and Campbell, 1977). Other species 

Penicillium notatum was reported in cool 

atmosphere.  

 

Table 1. Total monthly count of air-borne associated with Sandspit mangrove swamps 

SPECIES Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb 

 

Total 

Count  % 

As. niger 12 9 25 0 17 9 17 16 15 0 10 8 138 24.38 

As. fumigatus 0 8 0 0 0 0 0 0 18 14 11 0 43 7.59 

As. sulphureus 0 0 5 0 0 0 3 0 0 0 0 0 8 1.41 

As.terreus 0 0 0 11 10 7 0 0 7 0 0 5 40 7.06 

As. wentii 0 0 0 0 0 7 0 0 0 0 0 5 12 2.12 

As. flavus 0 0 8 18 4 10 7 0 0 0 13 7 67 11.83 

Al.  alternata 15 7 0 0 0 7 8 0 0 0 0 0 37 6.53 

Al.  maritima 0 0 0 4 0 0 3 9 0 0 0 0 16 2.82 

Al. porri 0 0 0 0 0 4 0 0 0 0 2 0 6 1.06 

Alternaria sp. 0 0 10 0 0 0 0 0 0 12 0 0 22 3.88 

R. varians 0 0 0 9 6 0 0 7 0 0 0 3 25 4.41 

M. mucedo 0 13 0 13 12 0 14 0 0 0 0 2 54 9.54 

P. notatum 0 0 0 0 0 0 0 8 9 0 0 3 20 3.53 

Penicillium sp. 0 7 0 8 7 5 0 0 0 13 4 0 44 7.77 

D. biseptata 0 0 0 0 5 0 0 9 0 0 0 0 14 2.47 

E. fungorum 0 0 0 0 0 0 0 0 0 14 6 0 20 3.53 

Total number 

of colonies 
34 44 48 63 61 49 52 49 41 49 53 46 566  

Total number 

of species 
2 5 4 6 7 7 6 5 4 4 6 7 ***** ***** 

Note: An= Aspergillus niger, Af=Aspergillus fumigatus, As= Aspergillus sulphureus, At=Aspergillus terreus, Aw=Aspergillus wentii, 

Afl=Aspergillus flavus, Aal=Alternaria alternata, Am=Alternaria maritima, Ap=Alternaria porri, Al sp=Alternaria sp., Rv=Rhizopus 

varians, Mm=Mucor mucedo, Pn=Penicillium notatum, P. sp=Penicillium sp., Db= D. biseptata, E f=Exosporiella fungorum, NF= not 

found 

 

The maximum number of species (7 species, 

43.75%) was recorded in July, August and 

February while minimum count of species (3 

species, 18.7%) was observed in March. 

However, the highest number of colonies was 

recorded in June (63, 11.1%) but least number of 

colonies was recorded in February (33 colonies, 

5.8%). The monthly distribution of bacterial 

colonies was variable throughout the year. Figure 1 

shows two peaks with the highest number of 

colonies observed in July (1965 ± 17.69) and 

October (1783.33 ± 114.14) and the least number 

of bacterial colonies was recorded in April 

(349.33±25.44). The results depicted that the 

distribution of airborne microbiota were found 

higher in monsoon compared to pre-monsoon 

season, possibly due to the high rate of litter fall. 

The greatest output was involved Deutromycota 

group of the genera Alternaria species and 

Penicillium species which were closely related to 

the rapid addition of litter fall in August. The 

presence of high number of species showed a 

clear correlation with the period of leaf fall and a 

continued spore production upto February. The 

highest rate of total litter fall (68.75 ± 8.72 g) and 

leaf litter (50.97 ± 7.01 g) prevailed in August 

from Sandspit area (Nazim, 2011). The results 

showed that as the litter dropped on the substrate 

of the mangrove forests, was colonised by 

important fungal species especially the common 



308  KANWAL NAZIM  ET AL. 

 

saprotrophs. Seasonal changes also brought 

variations in pH, temperature and salinity of soil 

and water (Figs. 2 and 3). The results revealed 

that fungi endured in acidic conditions and were 

equally abundant in acid and neutral soil. The pH 

and salinity both were recorded lower during 

monsoon due to tidal influence which favored the 

growth of fungal species and colonies. Sarma and 

Vittal’s (2001) observation regarding the ability 

of fungal species to tolerate high range of salinity 

agreed with the present findings. Temperature 

was one of the important factors which 

determined the distribution of many fungi. 

According to Inman et al. (2008) the effect of 

temperature on the growth of fungi could not be 

ignored. Nazim (2011) recently reported that the 

spores of soil-borne fungi were higher in June 

whereas least colonies were recorded in March 

(Nazim, 2011). The greatest number of colonies 

was correlated with high temperature and 

supported the process of decomposition hence in 

June and July high rate of decomposition was 

evidenced 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.   Monthly distribution of bacterial colonies from Sandspit mangrove forest 

 

 

 

Fig. 2.  Monthly record of pH, salinity and temperature of soil at Sandspit mangrove forest 
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Fig. 3.  Monthly record of pH, salinity and temperature of water at Sandspit mangrove forest 

 

Table 2 shows the seasonal changes in overall 

species diversity, species richness, evenness and 

concentration of dominance of airborne fungi at 

Sandspit area. Species diversity (H′) ranged 

between 1.053 to 1.906 while evenness and 

species richness were found between 0.866 to 

0.990 and 0.514 to 1.218, respectively. The 

maximum diversity was found in August 

associated with a minimum value of dominance 

0.136 whereas minimum value of diversity 

(1.053) was obtained in March. The value of 

concentration of dominance ranged between 

0.136-2.40. The maximum values of dominance 

(2.40) and evenness (0.990) were found in 

December. The highest number of species 

richness (1.218) was observed during February.  

The general species diversity incorporates 

two components of diversity. The richness 

components is variously expressed in the form of 

ratios between number of species and total 

number of individuals whereas the equitability or 

evenness is the measure of allocation of 

individuals among the constituent species (Lloyd 

and Ghelardi, 1964). The results demonstrated 

that diversity of species may be ultimately 

determined by high population size, tolerance to 

extremes of physical conditions and higher range 

of potential habitats. Jones and Alias (1997) 

stated that the amount of substrata available for 

colonisation is the overriding factor for diversity 

of fungi in mangrove ecosystem. It has been 

observed that the majority of the fungal 

pathogens were found throughout the study 

period might be due to the different types of 

thick-walled spores and conidia that not only 

serve to reproduce but also have the ability to 

survive during adverse conditions under the 

crown of mangrove trees.  

 

Table 2. Monthly diversity, richness, equitability and dominance of air-borne fungal species under mangroves 

Months 
Diversity  Equitability (evenness)  Species richness  Dominance  

(H) (J) (d1) (D) 

Mar 1.053 0.959 0.514 0.342 

Apr 1.579 0.981 0.753 0.194 

May 1.20 0.866 0.577 0.339 

Jun 1.73 0.950 0.755 0.182 

Jul 1.83 0.941 0.896 0.163 

Aug 1.906 0.979 1 0.136 

Sep 1.605 0.896 0.832 0.212 

Oct 1.561 0.970 0.714 0.204 

Nov 1.346 0.971 0.674 0.252 

Dec 1.373 0.990 0.577 2.40 

Jan 1.651 0.921 0.904 0.191 

Feb 1.850 0.950 1.218 0.143 

 

pH

Salinity

Temp
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On the basis of the above investigations, it 

may be concluded that the mangrove community 

is rapidly and extensively recolonised by airborne 

pathogenic fungi, possibly due to the fast 

decomposition of leaf litter, high temperature, 

low pH and salinity values. This may be the 

reason that Phycomecetes were absent throughout 

the study period whereas Ascomycetes were rare 

while Deutromycetes were found abundantly in 

the air of mangrove forests. The proposed fungal 

diversity of the mangrove habitats can help in 

assessing the diversity and abundance of fungal 

species in different habitats.  
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