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                         A B S T R A C T                                   

Introduction  

Parasitism is one of the most common 
adaptation among eukaryotes and the world 
wide distribution of fungal parasites with 
their remarkable evolved modification plays                   

an important role in nature. There are 
approximately 100,000 described species of 
fungi (Kirk et al., 2008), which only 
represent a fraction of its diversity, 
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Fungi are eukaryotes which occur in nature as symbionts, saprophytes and parasites 
with their host on the basis of their mode of nutrition. The present study deals with 
the parasitic mode of adaptation of some selected members of fungi in different 
ecological conditions and their effect for the silent loss of biodiversity. Fungi show 
an wide range of host specificity from algae to human beings. Oomycetes and 
Chytrids occur mostly in marine ecosystems and parasitize on different algal host 
ranging from green algae to diatoms. The Zygomycetes fungi Piptocephalis 
virginiana is a mycoparasite of another zygomycetes fungi Choanephora 
cucurbitarum. Fungi parasitize on bryophytes, pteridophytes and gymnosperms in 
different ecological conditions. Angiosperms are the largest host of fungi. 
Beauveria bassiana is an entomopathogenic fungus but act as a host of a 
mycoparasitic fungus Syspastospora parasitica. Batrachochytrium dendrobatidis 
causing Chytridiomycosis of amphibians results in dramatic population decline of 
amphibian species. When fungi parasitize on human cause severe diseases like 
aspergillosis, candidiasis, coccidiomycetes, etc. About 15 species of Oomycota 
parasitize on algae and diatoms. Green alga Chaetomorpha media showed infection 
up to 5% by the fungus Pontisma lagenidioides. About 30% of amphibians of 
world is declined by the infection of B. dendrobatidis (Longcore et al., 1999). The 
major, chronic, invasive and allergic form of aspergillosis account for around 
600,000 death annually worldwide (Denning et al., 2013). The mortality rate in 
human due to systemic candidiasis is 30-50%.From the observation it can be 
concluded that the studied group of fungi play an important role causing different 
diseases by their parasitic mode of adaptations following the silent loss of 
biodiversity. 

 

K e y w o r d s  

Parasitic 
adaptation, 
Biodiversity 
loss, Fungi 

http://www.ijcmas.com


Int.J.Curr.Microbiol.App.Sci (2015) 4(6): 131-151   

132

 
estimated to be between 1.5 and 5 million 
species (Hawksworth and Rossman, 1997, 
Blackwell 2011). Importantly, one of the 
hallmarks of fungi is their propensity to 
form intimate interactions/associations with 
other groups of life on Earth (Vega and 
Blackwell, 2005). As per latest statistics in 
2010 according to IUCN Red list which 
incorporates the global amphibians 
assessment and subsequent updates focuses 
that about 30% of amphibians of world is 
declined by the infection of B. dendrobatidis 
(Longcore et al., 1999). The major, chronic 
invasive and allergic form of Aspergillosis 
account for around 600,000 death annually 
worldwide (Denning et al., 2013). The 
mortality rate in human due to systemic 
candidiasis is 30 50% (Williams and Lewis, 
2011). Our present research paper deals with 
the investigation of the pattern of adaptation 
of different fungal parasites, their 
infectivity, aggressivity and their gradual 
modification showing which the silent 
biodiversity loss. The nature of fungal 
parasites and their gradual evolution 
indicates their adaptability runs from simple 
to complex organism. It is seen under 
investigation that the selection of host and 
their morphogenetic coevolution are closely 
related. Infectivity, aggressively, dominance 
and choice of host are not occurred 
randomly, selection of all the things is 
momental and modification for their 
evolution runs forever.   

Materials and Methods  

Study of organisms and their populations  

The parasitology of different fungus were 
studied and recorded. Approximately 45 
different fungal populations among which 
30 major are chosen for consideration on the 
basis of the IUCN and published recorded 
data for year wise infection rate. It has also 
been focused on the behavioral 
characteristics of different parasitic fungus 

according to their host range from lower 
algal group to complex human system. On 
the basis of our objective we are trying to 
record the estimation of biodiversity loss by 
some of the selective parasitic fungus.   

Application of various statistical tools -
We calculated the derived data into the 
following pattern of analysis-  

PDI = (No. of aggressive population) / 
(Total no of population)  100  
RD = (X/n1) - (Z/n2)  
RR = (X/n1) / (Z/n2)  
A = PDI / 12  

DEP = Differential extinction Point 
(Considered as a hidden factor for 
biodiversity loss.)  

(PDI -Parasitic domain incidence, RD -Risk 
difference, RR- Risk ratio, X- Previous year 
PDI, Z= Next year PDI, n1-Previous year 
aggressive population, n2- Next year 
aggressive population, A- Aggressivity)   

We are going through software analysis 
(plotting data on the respect of PDI, A, RD, 
DEP (as an unknown factor)) by using some 
statistical tools like Descriptive analysis, 
Clusture analysis, Ward linkage and 
Centroid linkage analysis between derived 
data, Cross correlation, Auto-correlation, 
Partial correlation, Frequency analysis, 
Proximities, Dendrogram analysis, 
Exploration of model and so on. The 
following mentioned analysis is necessary 
for tracing any link to biodiversity loss or 
extinction for future forecasting.  

Establishment of proper 3d-diffractive 
model by software application   

To make the 3D diffractive model for 
analysis of biodiversity loss and finding the 
correlation in between species richness (SR), 
Aggressivity index (AI), Parasitic domain 
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incidence (PDI), Differential extinction 
point (DEP), so that we are going through 
ORIGIN 17.0 SOFTWARE and 
MICROORISIS (developed by Michigan 
university) modern software tools. We are 
plotting species richness in 0.1 to 1 scale of 
SINCLAIR, 1997. Establishment of model 
is necessary for real estimation of 
biodiversity loss.   

Parasitic fungus and their host: Some 
selected parasitic fungus and their host 
ranging from the primitive algal groups to 
complex carnivorous level (Table 1.1).  

According to SINCLAIR 0.9 SCALE we are 
distributing parasitic fungal density with the 
relative aggressivity to different host from 
2005 to 2013 and the data is plotted in the 
following graph.  

Results and Discussion  

Year wise population of different parasitic 
fungus with their derived aggressivity is 
recorded and their PDI, RD, RR & A is 
calculated in following manner:  

The following table shows the Correlation & 
Descriptive analysis between PDI and 
Aggressivity with Anova analysis  

The Wilcoxon signed rank sum test is the 
non-parametric version of a paired samples 
t-test. We are using the Wilcoxon signed 
rank sum test for assuming the difference 
between the two variables i.e. either they are 
in interval or normally distributed (where 
the difference is ordinal). We will use the 
same example as above, but we will not 
assume that the difference 
between read and write is either in interval 
or normally distributed. Correlation is 
significant at the 0.01 level. The significant 
level between the two variables is 0.008.  

In the above mentioned cases we are getting 
the valid cluster level is 9 and it is 
distributed in between 4 and 5 level in two 
clusters and mentioned here. At first we 
assumed that there is something missing or 
hidden data as DEP but our calculation 
indicates that all the including data are valid. 

 

Ward's minimum variance criterion 
minimizes the total within the cluster 
variance. At each step the pair of clusters 
with minimum distance between the clusters 
is merged. To imply this method, at each 
step we find the pair of clusters that leads to 
minimum increase in total within the cluster 
variance after merging. This increase is a 
weighted squared distance between cluster 
centers. At the initial step, all clusters are in 
singletons (clusters containing a single 
point). To apply a recursive algorithm under 
this function, the initial distance between 
individual objects must be proportional to 
squared Euclidean distance. 

 

In Centroid Linkage Clustering, a vector is 
assigned to each pseudo-item, and this 
vector is used to compute the distances 
between this pseudo-item and all remaining 
items or pseudo-items using the same 
similarity metric as were used to calculate 
the initial similarity matrix. The initial 
cluster distances in Ward's minimum 
variance method are therefore defined to be 
the squared Euclidean distance between 
points:  

   

In all the upper nine cases we are analyzing 
by hierarchical cluster analysis and making 
dendrogram using centroid method and 
shows highest proximity (level 0 to 25) in 
case 3 and case 4. The minimum level of 
proximity is found in case 5. Zero to five 
level of proximity cluster is found in case of 
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case 5, case 8, case 6, case 1, and case 2. 
Five to ten level of proximity cluster is 
found in case 7 and case 9.It is mentioned 
here that the highest proximity cluster shows 
closest correlation and the smallest 
proximity cluster shows distant correlation 
between two clusters. Cluster proximity 
analysis is important for measuring 
significance level between two consecutive 
data.   

Here in the following table, we are 
considering two variables as VAR00001 as 
PDI and VAR00002 as Aggressivity, and 
connecting the two with cross correlation to 
find out the significance level. 

 

VAR00001 considering as PDI and 
VAR00002 considered as aggressivity and 
create auto correlation, and partial 
correlation between the two. The Ljung Box 
test (named for Greta M. Ljung

 

and George 
E.P.Box) is a type of statistical test of 
whether any of a group 
of autocorrelations of a time series are 
different from zero. Instead of 
testing randomness at each distinct lag, it 
tests the "overall" randomness based on a 
number of lags, and is therefore 
a portmanteau test. 

 

The Ljung Box test can be defined as 
follows. 

 

H0: The data are independently distributed 
(i.e. the correlations in the population from 
which the sample is taken are 0, so that any 
observed correlations in the data result from 
randomness of the sampling process).  

Ha: The data are not independently 
distributed 

  
where n is the sample size, 

 
is the sample 

autocorrelation at lag k, and h is the number 
of lags being tested. Under 

 
the statistic 

Q follows a . For significance level , 
the critical region for rejection of the 
hypothesis of randomness is 

    

In case of ANOVA analysis we are getting 
convergence. Convergence is due to small 
change or static in cluster centers. The 
maximum absolute coordinate changes for 
any centres are 0. The minimum distance 
between initial centres is 26.085.Box-Ljung 
shows that all the correlated data are 
positively significant. Partial auto-
correlation reflects that in case of PDI and 
A, some data are positively significant and 
some are negatively correlated with A, so 
therefore we can assume that (A) is 
inversely proportional to PDI. In case of one 
sample correlation or paired sample 
correlation (with PDI and A) we are getting 
positively related data (where correlation is 
significant in 0.01 level). Non parametric 
correlation with Kendall s tau b and 
spearmann s rho shows a significant positive 
result. Wilcoxon signed ranked test gives the 
positive emphasis and shows sometimes 
VAR00002 > VAR00001 and sometimes 
VAR00002 < VAR00001 (where 
VAR00002 denoting A, VAR00001 
denoting PDI), so we can clearly turn into 
the indication that (A), is an independent 
factor, correlation comes in different dome 
through phylogenetic evolved line. The F 
tests should be used only for descriptive 
processes. Proximity analysis between RD 
and A, showing 100% valid data, and close 
cross linkage between the two (

 

A). 
We are getting by this analysis 4 valid 
clusters. At a time we considered DEP as a 
hidden factor, now it is under valid cluster. 
So, therefore we are going through 3D 
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diffractive model and get some point of 
traces of DEP, which forecasts the silent 

biodiversity loss.     

Table.1 Parasitic fungus and their host: Some selected parasitic fungus and their host ranging 
from the primitive algal groups to complex carnivorous level  

Name Of The Parasitic Fungus Name Of The Host 

 

PARASITIC FUNGUS  ALGAL HOST  

Chytridium polysiphoniae Centroceros clavulatum (Raghukumar 1987a&b) 
Coenomyces sp. Cladophora sp, Rhizoclonium sp (Raghukumar,1994) 
Ectrogella perforans Lichmorpha sp (LI Wei et al., 2010) 
Lindra thalasiae Sargassum sp. (Sharma et al., 1994) 
Labyrinthula sp. Rhizoclonium (Raghukumar, 1994) 
Olphidium rostriferum Cladophora frascatti (Raghukumar 1986a, 1987a) 
Olphidiopsis porphyrae Bangia, Porphyra (LI Wei et al., 2010)  
Pontisma lagenioides Chaetomorpha media (Raghukumar, 1987a & b) 
Petersenia pollagaster Chondrus crispus. (LI Wei et al., 2010)  
Pythium porphyrae Porphyra sp. (LI Wei et al., 2010)  
Schizochytrium Thalassonema nitzchioides (Gaertner,1979) 

 

PARASITIC FUNGUS  FUNGAL HOST 

Piptocephalis virginiana Choanephora cucurbitarum (Manochaand Roya 
Golesorkhi, 1979) 

Syspastospora parasitica Beauveria bassiana (Humber et al 2004) 

 

Verticillium biguttatum Rhizoctonia solani (Van Den Boogert and Velvis, 1991) 

 

PARASITIC FUNGUS  BRYOPHYTEAN HOST 

 

Lamprospora carbonicola  Funaria hygrometrica (Benkert D. 1976) 
Lamprospora miniata Barbula convoluta (Benkert, 2009) 

 

Neottiella albocincta Atrichum undulatum (Benkert, 1987c) 

 

Neottiella vivida Polytrichum strictum (Benkert, 1995) 

 

Octospora grimmiae Grimmia pulvinata (Benkert, 2009) 
Octospora humosa Pogonatum aloides (Dobbeler & Itzerott,1981) 
Octospora ithacaensis Marchantia polymorpha (Benkert, 2009) 
Octospora leucoloma Bryum argenteum (Benkert, 1998c) 
Typhrocybe palustris Sphagnum sp. (Peck, 1872) 

   

PARASITIC FUNGUS  PTERODOPHYTEAN HOST 

 

Mixia osmundae Osmunda regalis, O. Cinnamomea (Kramer,1958) 

 

PARASITIC FUNGUS  GYMNOSPERMEAN HOST 

Gymnosporium juniper-verginianae Juniperus virginiana (Peterson, 1967) 

 

PARASITIC FUNGUS  ANGIOSPERMIC HOST 

Armillaria mellea Forest and fruit trees (O Reilly, 1963) 
Albugo candida Crucifers (Alexopoulosn et al.,1996) 
Alternaria sp Potato, Tomato (Rotem, 1994) 
Cryphonectria parasitica  Chestnut tree (Roane et al., 1986) 
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Helminthosporium oryzae  Rice (Alexopoulosn et al.,1996)  
Phytophthora infestans Potato (Ingram and Williams, 1991) 
Puccinia graminis  Wheat (Roelfs and Bushnell, 1985) 
Polyporus sp Woody trees (Alexopoulosn et al.,1996)  
Ustilago sp Corn,Wheat (Christensen,1963; Joshi et al.,1983) 

 
PARASITIC FUNGUS INSECT HOST 

Beauveria bassiana Termites,White flies,Thrips,Aphids and Beetles (Bassi, 
1835) 

 

Ophiocordyceps unilateralis Camporotus leonardi (Wallace, 1859) 

 

PARASITIC FUNGUS  AMPHIBIAN HOST 

 

Batrachochytrium dendrobatidis  Frogs (Longcore et al., 1999) 

 

PARASITIC FUNGUS HERBIVOROUS HOST 

 

Pithomyces chartarum Callttle, sheep, deer, goats etc (Di Menna et al., 2010) 

 

PARASITIC FUNGUS CARNIVOROUS HOST 

 

Microsporum canis  Dogs and Cats 

 

PARASITIC FUNGUS HUMAN HOST 
Aspergillus fumigatus Bronchopulmonary of human(Jean Paul Latge,1999; 

Smith and Denning, 2011) 
Aspergillus niger Human ear (Vrabee et al., 2006) 
Candida albicans Oral and Gastrointestinal tract (Williams and Lewis, 

2011) 
Coccidioides immitis Human body (Dickson,1937) 
Trychophyton rubrum Human foot,hair,skin,nail (Kane, 1997) 

  

Table.2 Showing year wise population of different fungus and their PDI, RD, RR and A   

   

(* PDI Parasitic Domain Incidence. RD  Risk Difference. RR- Risk ratio. A- Aggessivity.)   
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Table.3 Showing Correlation & Descriptive analysis between PDI and Aggressivity with Anova 

analysis  

 

(VAR00001- PDI, VAR00002- Aggressivity)    
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Table.4 Showing Non-parametric Correlations between PDI & A  
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Table.5 Showing Cluster analysis between PDI & A  

    



Int.J.Curr.Microbiol.App.Sci (2015) 4(6): 131-151   

140

 
Table.6 Showing Cluster analysis through Ward Linkage and Centroid Linkage  
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Table.7 Showing Cross Correlation between PDI & A  
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Table.8 Showing Auto Correlation between PDI & A  
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Table.9 Showing comparison between auto correlation and partial auto correlation of PDI & A  
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Table.10 Showing proximity analysis between RD & A  
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Fig.1 X-axis with the average relative parasite richness & Y-axis with consecutive year  

   

Fig.2 X-axis with two different variables i.e. Original Population (OP) & Expected Population 
(EP); Y-axis with consecutive year  
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Fig.3 X-axis with rate of infection on plants and animals; Y-axis with consecutive year  
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Fig.4 Showing the Dendrogram analysis of the data  
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Fig.5 Exploration of 3d-diffractive model and trace of silent biodiversity loss  
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