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Four animals were kept in cages and were fed their different diets. The fungi tested for the
cellulolytic activity and dry weight of mycelial production showed varable nature.

INTRODUCTION

Harper and Webster (1964) experimentally analysed the succes-
sion of rabbit pellets and felt that, although it has been interpreted as a nutritional
sequence, based on the physiology and nutrition of the different groups of fungi
concerned and on the nutrient content of the component organic materials at the
various stages of decay, the causal factors bringing about the succession were not
fully investigated. They attempted to isolate and study the effects of some
important ecological factors on growth and sporulation of a range these fungi
and their results were found relevant to the timing of the succession. During the
investigation they also felt the necessity of biochemical analysis of decomposing
dung at varying intervals, so that the loss of sugars, celluloses and lignins could be
followed and the relationship of this to nitrogen utilization could be investigated.

In the light of the above facts, 1t was proposed to study the succession of fungy
on dung of two mammals and two birds the analysis of dung to estimate total
soluble sugars, hemicelluloses, celluloses, lignins, total nitrogen, organic nitro-
gen, nitrate nitrogen and pH at different stages of its decay; and to perform the
experiments on the antagonistic effect of bacteria on fungi, cellulolytic activity of
some fungi, viability of fungal spores in the alimentary canal of these four animals
and the germination of spores of different fungi.
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MATERIALS AND METHODS

During the present study four animals (rabbit, rat, fowl, pigeon) were kept in
cages in the Animal House of Gorakhpur University (U. P.). They were fed
different foods keeping in view their natural requirements. Rabbits were fed on
carrots, grasses and leaves of radish and cabbage. Rats were given water soaked
grain seeds, flour of cereals (wheat, barley, oat) and pieces of bread. Pigeons were
fed upon cereals (oat, maize, barley, rice) ragi and cotyledons of pea, mistard,
lenties and Vicia. Fowls were given normal poultry fead (W.F.P. maize 33.57;
local maize 1.75%; rice polish 10%,; wheat bram 20%; milo 5%,; fish meal 4%; G.N.
cake 15%,; bone meal 1.5%,; calcium 3%,; hard grit 19, common salt 0.57,, and
mollases 5%)) supplied by Animal Husbandry Department, Gorakhpur. The
animals were given tap water in washed glassware. The cages and food and drink
containers were washed periodically to avoid contamination. About 12 hours
before sampling the cage was sterilized with alcohol to minimise contamination.
Health of caged animals remained normal during experimentation.

Fresh pellets of rabbit and rat, and droppings of fowl and pigeon were
collected from their cages with halp of sterilized apatulas, and were kept in
sterilized bottles; 10 pellets or droppings were then transferred to Petridish moist
chambers devised by Keyworth (1951). This method allowed the filter
paper to remain wet for a long time and when needed more sterilized water was
added from the sides. After 24 hours of incubation the samples were examined
under the high power lens for any fruiting body and observations were made daily
up to 50 days. Different dung samples were incubated five times and the average
of readings was taken into consideration.

Specific diagnosis of Chaetomia revealed the presence of certain vanants
within a species which were given separate designations to distinguish them from
typical species.

During the experimentation, the pellets of mammals and droppings of birds
were distributed in 10 Petri dish moist chambers at the rate of 10 per chamber and
each pellet of dropping was considered as a unit of study. The frequency of each
species was calculated by the formula given below:

number of pellets or droppings

on which species occurred < 100

% frequency: —
4 s total number of pellets or

droppings studied

The calculated frequency of species is given in Tables 1 - 4. A total of the incidence
of different groups of fungi on the dung of these four animals represented the

number of fungi (Table 5). The successional pattern of fungi on dung of animals
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was reflected from the appearance and disappearance of a particular species on
the substrate (Table 6).

The chemical analysis of dung was done at intervals of 17.34 and 50 days
designated as stage I, "II" and “I1I" respectively. Analysis of fresh dung (zero stage)
served as control. The dung samples were taken, oven dried for 48 hours at 80°C
and ground into powder. These were then analysed for total soluble sugars,
hemicelluloses, celluloses, lignins, total nitrogen, organic nitrogen and nitrate
nitrogen. pH of fresh dung and that at the three stages was determined in original
state prior to its dryness. The data on the chemical analysis of dung samples at
different stages are expressed in terms of initial dry weight of fresh dung (Table 7).
Total soluble sugars were determined by anthrone sulphuric acid method of
L oewas; hemicelluloses and celluloses were estimated by the method of
Wise, Murphy and D'Addieco; and determination of lignins
was done by the method of Klason (Paech, Tracey 1955)
Estimation of total nitrogen, and organic nitrogen was done by the method used
by Cotton (1945), and nitrate nitrogen was determined by the method of
Sprengeles (1946). pH of dung at different stages, was determined by
preparing the suspension in double distilled water (1:5 dung water ratio) and

measuring by Leeds and Northrup electric pH meter.
The antagonistic effect of five bactena viz., Proteus vulgaris 1solated from

rabbit dung, Pseudomonas pyocyaneous from fowl dung, Alcaligenes fecalis from
pigeon dung, Escherichia coli from rabbit and pigeon dung and Klebsiella sp.
from rabbit, rat and fowl dung was experimentally observed on 11 fungi of
different classes. The tests were performed in sterilized Petri dishes (7 cm.dia. and
2 cm height) contamning potato dextrose agar and the method employed was done
by Mathur (1968) (Table 8).

Ten fungi which generally appeared late on incubated dung were selected for
study for their ability to utilize celluloses. Their cellulolytic activity was measured
by the method devised by Reese and Lavinson (1952) and used by
Hoog (1966); (Table 9).

Tostudy retention of viability of fungal spores 1n alimentary canal, all the four
animals 1n cages were starved for 24 hours and fed upon their respective
autoclaved food contiouosly for five days. The dung obtained after 5th day
feeding was incubated to observe the presence of fungi, if any. After five days of
continuous feeding, they were again fed upon the same autoclaved foot but
containing spores of the fungi which were 1solated from the dung of respective
animal. The dung obtained from such animals was incubated and examined for
colonization by the fungi. In the next series, a mixture of spores of all the above
mentioned fungi was mixed with the autoclaved food and the dung obtained was
incubated to observe the growth of fungi (Table 10).
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For the study. latent period of spore germination, rate of germ tube extension
and percentage germination of 17 species colonizing dung at different times
during succession were under taken. The well known hanging drop method was
employed and the slides were observed continuously for 12 hrs and then at
intervals of one hour for 24 hrs. In order to determine the rate of germ tube
growth, the length of germ tube was measured as every observaticn time with the
help of ocular micrometer and the growth (M /hr) was calculated (Table 11).

RESULTS

A total number of 56 fungal species were 15olated from dung (Table 5). The
number of all fungi nearly the same on the dung of rabbit and rat while a
myxomycete was noticed on rabbit dung only. On fowl and pigeon dung also, the
number of Phycomycetes, Ascomycetes, Deuteromycetes and M yeelia sterilia was
nearly the same but a single Basidiomyceres was 1solated from fowl dung only.
It is also evident that the Phycomycetes were larger in number on mammalian
dung than on avian dung. The number of Ascomycetes. Basidiomycetes.
Deuteromycetes and M ycelia sterilia was nearly the same on the dung of both
classes of animals. A myxomycete was recorded [rom one mammalian (rabbit)
dung and none from avian dung.

Among the Phycomycetes Thamnidium elegans showed tha lowest frequency
(2%) and Pilobolus crystallinus exhibited the highest (987,) on the rabbit dung but
on rat dung the species with lowest frequency 13%) was Mucor sp. I, and Mucor
hiemalis had the highest frequency (98%,). Absidia spinosa and Mucor heterosporus
were common to both the dung with 187, and 117 frequency of the former and
117, and 97, of the latter in rabbit and rat respectively. The frequency in
remaining species ranged from 3-89% on rabbit and 6- 117, on rat dungs.
Among the Ascomycetes, Chaetomium globosum [ had the lowest frequency (57))
and C. atrobrunneum 111 the highest frequency (55%,) on rabbit dung but on rat
dung these two species showed reversed frequency, C. atrobrunneum II1 haeving
the lowest (3",) and C. globosum 1 the highest (39%)). The frequency of other
species on rabbit dung ranged from 6 - 157 and on rat dung from 5 - 67,. Coprinus
heptemerus, the only basidiomycete, showed 147, and 107 frequency on the dung
of rabbit and rat respectively. Of the Deuteromycetes, Aspergillus sp. exhibited the
lowest frequency (3%,) on rabbit dung and Memnoniella echinata the highest
(46"), which had the highest frequency (247} on rat dung also. Penicillium
nigricans showed the minimum frequency (57,) on the rat dung. The only other
Deuteromyeete (Fusarium sporotrichoides) on rabbit dung had 5% frequency. On
rat dung the frequency of the remaining species ranged between 6-77,. White
sterile mycelium occurred with 3% and 5" frequency on the dung of rabbit and
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rat respectively. A myxomycete (Dict yostelium mucoroides), 1solated from rabbit
dung only showed 107 Irequency (Tables 1, 2).

Only one species of Phycomycetes could be observed on the dung of fow] and
pigeon, and 1t showed 3" and 6" frequency respectively (Tables 3, 4). Among the
Ascomycetes. Chaetomium globosum 11 showed the lowest frequency (3%) and C.
globosum TV the highest (28" ) on the fow 1 dung while C. arrobrunneum 1 showed
the highest (207,) and Kernia nitida the lowest (4",) frequency on pigeon dung.
The only other species were Chaetomium sp. (18%), Gelasinospora calospora (6°7)
and Phaeotrichum _ircinatum (87,). The first two being on the fow] dung and the
last one on the pigeon dung. Coprinus sp. was the only basidiomycete present on
fowl dung with 37, frequency. Among Deuteromycetes, Stachvbotrys atra
appeared to be least frequent (6"/) on fowl dung while Cephaliophora irregularis
showed the maximum frequency (887,) on this as well as on pigeon dung (957)).
Stysanus medius had the lowest frequency (47,) on pigeon dung. Aspergillus
flavus, Cephaliophora irregularis, Fusarium sporotrichoides and Stachybotrys atra
were common to both the avian dungs. The frequencies of these forms were 44",
88%., 13%,, and 6", respectively on fowl and 707, 957, 7%, and 67 on pigeon
excreta. Black sterile mycelium, recorded only on fowl dung showed 157
frequency. White sterile mycelium, however, was common to both and exhibited
the same (12";) frequency.

No appreciable difference in the timing of appearance and disappear 'nce and
disappearance of a particular class of fungi on the dung of different amimals,
although, members of different classes appear and disappear at different intervals
(Table 6). It appears that the Phycomycetes were first to fruit and they began to
appear on the 3rd day of incubation. Some of these (Mucor sp. 111, Pilaira
anomala, Pilobolus crystallinus and Thamnidium elegans) appeared early and
persisted for a short time. Others were to appear early and persisting for a long
time. All the Ascomycetes encountered appeared late but persisted for a long time.
The Basidiomycetes were represented by Coprinus heptemerus and Coprinus sp.
These species could maintainual them selves only for a short time. Among
Deuteromycetes a few species hke Aspergiflus flavus, Cephaliophora irregularis
and Fusarium sporotrichoides (on fowl and pigeon). appeared early and persisted
for a long time. The remaining Deuteromycetous forms on the other hand, made
the their appearance late and persisted for a comparatively longer time. Among
the sterile mycelial forms, white sterile mycelium n rabbit and pigeon dungs
appeared early and remained for a long time. But on rat and fowl dungs the white
sterile mycelium behaved dilferently, appearing late and persisting for . longer
period. The bluck sterile myce ium on rat and fowl dungs also behaved hke white
sterile mycelium. Dictyostelium mucoroides, a myxomycete appeared early and
persisted for a long time on the rabbit dung only.
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The varied with dil als, it
being maximum in pigeon dung followed by rabbit, rat and fowl. There was a
decrease in amount in stage T while no sugar was detected i stages II'and 1T

as present in the dung of fowl followed
by rabbit, rat and pigeon while celluloses and lignins were maximum in their
amounts in rabbit followed by rabbit, rat and pigeon while celluloses and lignins
were maximum in their amounts n rabbit ollowed by fowl, ratand pigeon dungs.
‘The amount of| lly with the
time but were present il afte stage ‘11T The rate of decrease in their amounts
was rapid during stage ‘II' as compared to stages ‘" and 'III' (Table 7). The
maximum amount of total nitrogen and organic nitrogen was present in dung of
pigeon followed by rat, rabbit, and fowl but nitrate nitrogen was maximum in
pigeon followed by rat, fowl and rabbit. The amount of total nitrogen gradually
decreased with the time up to stage ‘IT, after which these showed slight decrease
in their amounts. The rate of increase in amount of total nitrogen and organic
nitrogen was rapid during stage ‘II" as compared to stage ‘I'. In contrast, the
amount of itrate itrogen decreased gradually up to stage I ater which there
was a sh “IT" Duri ur,
wasslight. At ‘0’ stage, pH of rabbit and rxldung was higher than the dung of fowl
and pigeon. It decreased correspondingly during stage T". In stage ‘II" there was a
considerable rise in pH value which was nearly the same in excreta of all the
animals. In stage ‘IIT, however, there was again a decline in pH value which
remained nearly the same in excreta of all the animals (Table 7).

Of the cleven fung| tested, only six were affected by the bacterial growth
(Table 8). Four speci affected atall
Growth of Cephahophara irregularis was slightly inhibited by only two bacteria

Alcals ecal One species of Chaetomium
(. almbmmteum nn was inhibited by all the five bacteria. Mucor hiemalis and
yallt
followed by Absidia spinosa and Fusarium sporoirichoides. Of the ive bacteria,
Alcaligenes fecalia and were most
Escherichia coli and Klebsiella sp. less so and Proteus vulgaris generally
the least.

All the fungi tested were found to utilize varying quantities of celluloses
(Table 9). Chaetomium atrobrunneun 1, 11 and I11, C. globosum 1V and C. gracile
showed high cellulolytic activity and high dry weight production; Memnoniella
echinata showed high cellulolytic activity and low mycelial production; Sordaria

low cellulolytic activity with high
mycelial production. Chaetomium erraticum 11 and Penicillium nigricans, on the
other hand, showed low cellulolytic activity with low mycelial dry weight
production.
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Only those fungi which had been isolated from the dung of a particular animal
survived in the alimentary canal of that animal (Table 10). The fungi which were
isolated from the dung of a particular animal did not survive in the alimentary
canal of other animals.
Among five ested, piriforme,

Pilobolus crystallinus showed pmlungcd latent period of spore germination, low
rate of germ tube extension and low percentage of spore germination (Table 11).
“The remaining two (Mucor hiemalis and Mucor sp. I1T) showed short latent period
in germination of spores, high rate of germtube extension and greater percentage
of spore Among Chaetomi Tand 1T
exhibited ahost latent period of spore germination with low rate of germ tube
extension and spore germination; Chaetomium sp. and Sordaria fimicola
exhibited short latent period, higher rate of germ tube extension and high rate of
germination; Chactomium globosum 1V, C. atrobrunneum 11 and Gelasinospora
calospora exhibited longer latent period of spore germination with slow rate of
germ tube growth and average to high rate of spore germination. Two
Basidiomycetous fungi exhibited high latent period of spore germination, low
growth rate and low percentage of germination. The three Deuteromycetes
showed short latent period of spore germination high growth rate of germ tune
and high percentage of spore germination.

DISCUSSION

Nature and anvi conditions of the affect selectively
the microorganisms that can enter into competition for substrate (G a rr e t t
1963:116). Saccardo and Marchal (1885 reported yea!ernumber
of fungal herbivores than that ili
yielded the least number of species. In present study, the dung. ofmammals. rabbit
and rat, yielded the larger number of fungi than that of birds, fowl and pigeon
(Table 5).

The composition of natural communities is not haphazard and each
‘microbial species and genus has certain distributional pattern which is deter-
mined by the physiological responses of population to the environment into
which it is introduced. Success of a fungus in the colonization of any particular
substrate is conditioned by its competitive saprophytic ability, its inoculum
potentoal and environmental condition including the population of competing
fungi and other soil microorganisms (G arrett 1963; 120). In this study,
Phycomycetes were larger in number on mammalian than on avian dungs (Table
5). Their lesser number on bird dungs is attributed to high bacterial content.
These dungs are in semisolid state with high water content which favour bacterial
multiplication. Occurrence of Pilaira anomala and Pilobolus crystallinus on




sejaoleoxly - zm '®TIII0gE wiTeolw - gn  lesgoofmotesndg - q (seasolmoTprowg - § leogoolmoney - ¥ !eegoolmooiny - J
P . E * % 4 O O OL O O Ov OL OL O OF O OL OF OL O OL OL OL OV OF OL OF S- £ e - - "J8IY SsaploIooNE
mETe3s0L30TT IN
- ®m = = = =« = L £ £ £ £ E £ £ £ E £ £ £ £ £ £ £ £ £ &8 £ € ¥ = - 2ITIF BN
- 9 L2 2 G GF 8f S S o Of O O Ok O O 9 9% 9% S O € B2 B2 B2 & 8L - = = - . - “TT%D S ATH/
. BAEUTUCe WP TUoTELN
= = = = = = = = = = ¢ € € &€ § & & & £ 5 & 4§ § 5§ § § § = = = = = = "QIeUn S9pTOUD
=jI3o30de ENTIUETLY
- & = = = = = = L L £ € £ € € £ € £ £ € £ £ £ £ £ £ £ r L = = = = *de sn{TrRIedey q
= = = = = = & = = = = = = = [ % %L %L % %L ¥ 0L OL = - = = = = = = = =335 masmejdey enogados g
& L& L & & L & & & & 4 & & & 4 & & 4L 4 & 4 & L 5% § £ = = = = = = - 30N 30°ERn/CquH/
NTOOTETY WEIUDIOS
e 9 2 & € ®# # ¢ ® © ¢ @ ¢ ® © ¢ @ 9 @ g & & @ 2 F = = = = = =2 = = ‘ofeg EmaeTnpun o
& &§ § § & 6 § § § § ¢ § & & & & § &€ § & H & = = = = = = = = = = = "smumy [ wneoqord 5
L 51 %1 5L SL 51 SL SL SL SL 6L 6L SL SL SL SL SL SL SL SL SL SL SL SL L £ - - = = = = = IT EnoTanIIe *5
26 595 5% &% 65 56 65 66 G5 6§ G5 S5 G5 §§ S5 S5 65 66 66 45 6 65 G5 g2 g2 - - = = = = = = II] "meTmIqcIL® *5
9 9 9 ] 9 9 9 9 9 9 9 9 a 9 £ 9 o 9 9 9 2 9 8 5§ - - = . - = o = b Sowy I
ENATUTLIOOIE ERTECLOUS ¥
= m w e e e e e e e e e e e el e e e 2B R 2 2R E R ERTE= = quy]
punieTe ENTDTUEEL
= = = = = m = e = =& =& & & =& = = = = = = 0L 0L 0 86 05 86 85 96 BE P 86 86 - "USTL Wus Jepor/ emu
=TTTHIELYS MTOQOTTS
= = = = = = = = = = = = = = = = = = = = = = = 2 J @gf 6@ 68 68 68 68 68 - wySeT]
Wiy WTWECTY RITUTT
= = = = = = = = = = = = = = § € & W B oM O e MR OBE OB WE LE LK e B B & - It
enIodsoreqyoy JIoony
= = = = = = = = = = = = = = 2 § § € £ £ € € £ £ £ £ £ € £ 2 + - - "UTeg oW
=103 TITd wn1iymooTIefH
- - - = - o iy . - - W - Z OL O BL Bl ©L 9 9 °PL ©. 8 9L 8L AL 8L 8L 89 4L S - = SR PR
wgoutdes wypTEQY 4
O5-Prfk B L 9% Gf WeeuPe(E B2 GZ 2OZ50W Gz 22 LZ OZ 6L BLOL 6L WL 6L 2L LL OL 6 ® £ 9 & % § %] o

elep 0f JoJ peawgnout Snp jpqquer o seyoede Jo 4y fouenbeay

ALY

seToeds




bl 2

Froquency /4 of apects

i st dung sncusated for 50 daya.

32 3% BB 0L w0

w1 D - Doutoromycotes; 5 - Weelta sterilia

P - Snycoyostes: A - Assomyostes; B - Besidios



= ¢ € & & B 2

2L
SL

o

2l
GL

Ov B6F B L& 9 SEEROF L OfF 62 B2 L2 92 S w2 €2
uotIwquouy Jo sleg

M M mER OEECERECTH BN BN R TE ECEN OENEE BN BN N B G A e o o e CEM SN NN SRR SN SN S NS M N S S S C—— T - N R A M e i i

2l
oL

(1%

3

2k
Sk

a8
Sk

4 !
Sl

2L
Sl

ch
chk

gL

sfwp 0 J0] peswqnout siujddosp (mo wo seyseds Jo g/ {owenbexg

£ *Tqug

LR

NORTH

YITIHELE YITEIAN

upro] waiw sdxjoqigowan
fadeng

sapfogoTIioIcds EnTIwEnyg

J0

grIeTndoray -unﬂnuﬂﬂ"uﬂ-u
34 X8 WO

mART] MTTiRreday

Sl = A NOKE LIE]
‘de snutado)
ERIRDINOTaTI S

nESION'N 38°0 SU0An
wIodgotea -unnlunﬂ“ﬁatu

*ds EnpEojawg)
Al =neoqoTh 5

IT "eImmy
sn@cgqoTd eniEolevygn

BRLIE O IROIGY

ITI "de Joong
B D AMCO KR



FTETTIOGE wiToolm - of !eejeslmorogned - g !¥ejeclmooey - y !eejeolmooingy - 4

&

P ) Wy

9

U=
LB I A
[ I - I [ |

=k <l
* %

2 9
g &

5L €5

el
L
9
9

el 2k €k Sl 2L <k

r

9
9

-

9
&

2
a
&

¥

tr

9 9

&

&

T
g
&

& LL S6 S& 56 56
ol of of o ol od

a

tr

02 02 02 O OZ

2]

L

L

4

* ¥

*

9

5

t

Bl

9

ek <2l

&

o6 %6

&
9

§2 42 €2 22 12 0SALCLMW OL 6

TOTWRoUT Jo @L6T

&

& 1 1

*3THe W
"s0wy Smipee snuwe 39
PpIC) BIw Lrqoqdgowg

*gIoYs

sepyogoIgorcds emIReng
TSIXWYL G

-anIerry wroydoyrendas
"I T™ YUY

SNANT] snTTTedey g

TTe)

ENETTRITO ENTIT.I 0eWLY
BENTOH

Jeooen/ WPTLTU wpuray
TeEy

I ENOTTMIQOILT ENTEOAWTS ¥
IIT "ds Joonm 4

- e e e - e e I e - e e« e S e e s - ] - e T T T —

glep 05 JoJ peqwqnont efurddoap woaFtd uwo sayoeds o v/ Lomenbexy

t 0TqWL



254 C. 5. Singh

_ Table 5
Fumber of fungl on excreta of four animals
e o T MRS DAL 8 A e T T R e P
Fungal '-——mm-r—n—-——-dmi Total FETMM—PEE{ Total |
classes rabbit rat | | Towl | pigeon ;
e e e e e e e e e e ——p—————
Phycomycetes (& b 11 1 1 c 1%
Ascomycetes 4 10 A 7 17
Basidiomycetes 9 1 2 1 - 1 3
Deuteromycetes % S 8 o 5 g 17
Kycelia sterilia 1 1 2 2 1 3 b
Myxomycetes 1 - 1 - - - 1
Total 18 16 A4 12 10 22

. L BN R B . . A O AT R e B EEN e NN BN BEE RN B B DD B ENN BB R DN G B B A B B e emem e o e e ol e Rl e R B e G R i e e i e e B P me B T L O R TN P A M e

rabbit dung only may be ascribed to certain hormonal substances necessary for
their growth and reportedly present in the dung of herbivores(Hesseltine
et al. 1953; Nei1land 1957). The number of Ascomycetes, Basidiomycetes,
Deuteromycetes and M ycelia sterilia on mammalian and avian dungs was found
to be nearly the same (Table 5). This may be due to similar ingradients in the dung
of these animals. Dungs of rabbit and rat supported an equal number of species,
so did the dungs of fowl and pigeon between themselves. The number recorded
from classes as a whole, however, differed with each other. The similarity between
the members of the same class can be attributed to the similar physical and
chemical nature of the dung. Occurrence of a M yxomyvcetes on rabbit dung only
may be due to the conditions favourable for its growth and plasmodia formation.

The results (Tables 1-4) show that in spite of nearly the same estimated
amount of sugars (Table 7) in the dung of four animals, the relative frequency of
Phycomycetes in birds was low as compared to mammals. This was due to higher
bacterial content and high rate of their multiplication in the dung of the former.
High frequency of Pilaira anomala and Pilobolus crystallinus on rabbit dung
(Table 1)1s possibly due to the discharge of reproductive structures in the form of
sporangia on the herbage easten by the rabbit. The spores then come out with the
excreta and germinate producing fruiting bodies abundantly (Buller 1958:
167). Mucor hiemalis showed high frequency on rat dung probably due to its high
inoculum potential. Aspergillus flavus however, showed very high frequency on
bird dungs. This may be attributed to the ability of this fungus to secrete
antibacterial substance (Bus h, G ot h 1943). Cephaliophora irregularis also
showed high frequency which might be due to the inability of bacteria to have any
antagonistic effect on its growth (Table 8). Ascomycetes being predominantly
cellulolytic, their ssmilar relative frequency may be correlated with corresponding
amount of celluloses in their excreta (Tables 1-4, 7). Parkinson and
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Table

=

Appesarance and peraistence of species on excreta of four animals

Specles

Circinells muscae

Helicostyllum
piriforme

Hucor heterosporus

M, hiemalis

Mucor sp. I

Hucor sp. III

Fillaira anomala

Filobolus crystali-
nus
Thamnidium elegans

Chastonium atrobrun-
neum I

atrobrunneum II
atrobrunneum III

erraticus II
globosum I
globosum II

globosum IV

graclile

undul atum

Chaetomium sp.

Gelasinospora calo=
gpora

Kernia nitida

Fhaeotrichum circi-

natum

Sordaria fimicola

Coprinus heptemerus
Coprinus sp.

Asporgilluas flavus
A, U8

Aspergillus ap.
Cephaliophora irre-

gularis
Fusarium sporotri-
choides
Hemnoniella echins-
ta

Kyrothecium verruca-
ria

Ca

| o o i e o e cEme ——— —— —

R 5th

Ra &4th
Ra Zrd; R 3rd
R 3rd
R 3rd

F ordy P Ord
Ra 3rd

Ra 3rd
Ra #th

Ra 10th;
R 10th
Ra 10th;
Ra 9 th
Ra 13thi
F 9th

F 7th

R Bth
Ha 10th
F Bth

F 10th
P 8th

P Bth
Ra 9th
Ra 12th; R 13tH

F 8th

R 7th

"Ra 2st; R 20th |
R 16 th

Ra 21sat
Ra 19th; R 16th
R 15th
| R 19th
F 10th; P 15th
Ra 9th

12th
16th

ha
Ha

Ra 20th; R st

F 11th

Ra 6%th
F 4th; P 3rd

Ra B8thiF 4thiPat

Ra 8th; R Bth

R 7th

Penicillium nigricans

Stachybotrys atra
Stysanus medius

M8 Black

White

MY Dictyostelium

mucorolidas

R 6th
F 12thiF 10th
P 10%h

F 8th

R S5thiF 4th;P 3rd
R bth

|
I
| F st

R26th ;¥21 8t ; F2oth
R 31st
Ra 28th

F 24th; F 21at
Raz6th;F21st;P22ndl
Ra 33rd; R 3at

R 50th

R 26th
F,F Z8th
F 24th

F 34th

P 4th; R,¥

Ra 4th

Rs 29th, R 36th
F 28th, P 26th

Ra 35th

Pergistence
fdaya/

" Ra 23pd; R 28tH
R 20th

Ra 2lat
Ha Zlet; R 2ist
R 20th

R 20th

F 10th; F 16th
Ra 41th

Ra “14th
Ra 16th

Ra 50th; P 50th
R S50th

Ra 50th; R 50th
Ra 50th

Ro 50th; R 50th
F 50 th

F 50 th

R 50th

Ra 50th
F S0th

F 50th
F 50th
P 50th
Ra 20th

‘Ra Z1st; R 23rd
F 24th

R29th F27th;Fioth
R st
Ra 29th

F 30th; P 26th
Ra27th;F27thF25%h
Ba 41st; R 43prd

R 32nd
R 30th

| ¥ 42nd; P 38th

P 25th

F 40th

Ra Egth‘l R 57th,
F 33rd, P 2Bth

Ra 79th

P = Phycomycetes; A - Ascomycetes; B - Basidiomycetes;

D - Deuteromycetes; MS Mycelia steriliaj; MY - Myxomycetes
Ra - rabbit; R - rat; F - fowl; F - pigeon
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Tabla 9
apount of celluloses utilized and mycelium produced by some fungl

Fungi Tmﬂtu:,{l;:ﬁu- -F ngwu;giﬁrm
......................... L"i_____-_...[._-_a_"!sf’.____.----
Chaetomium atrobrunneum I % 186.0
C. atrobrunneum II 1.3 295.0
C. atrobrunneum III 8.% 201.0
C. erraticum II 5.9 126.0
C. globosum IV 8,0 159.0
C: Eraclile 9.6 e .0
Sordaria fimicola 53 161 .0
Memnoniella echinata 12.5 122.0
Kyrothecium verrucaria 4.5 205.0
Fenicillium nigricans a2 B.3

Table 10
Frequency /%/ of spores passed through alizentary canal
of animals
Spore of fungi iﬂri.guisnnl }.——.— Tl dﬁ SOR—
| source Huhbit_] Ent.wT l'nurli Figeon
Mucor hiemalis Rat - 100 - -
Filobolus crystallinus Rabbit 100 - - -
Chaetomium atrobrunneum III Rabbit 100 100 - -
and Rat
Chastomium 8p. Fowl - - 100 -
Yhaeotrichuam circinatum Flgeon - - - 100
Cephaliophora irregularis Fowl and - - 100 100
Figeon

T T T B e B i S G e i e i S e s S S S S N S N N N M T M - ———— g =

Kendrick (1960) have stated that the low mineral content in a substrate
may retard the formation of fruit bodies of certain fungi, thus confining them to
their sterile conditions. The high relative frequency of Mycelia sterilia on bird
dungs may be accounted for by this phenomenon. Similar relative frequency of
nearly all classes of fungi on the excreta of animals of the same group (mammals
or birds) may be due to the similarity in the physical and chemical composition of
their dungs.

Chemical analysis of all the dungs revealed the highest amount of soluble
sugars at ‘zero’ stage which decreased at stage ‘T" and got completely depleted al
stage ‘I'. Phycomycetes, which are also known as ‘sugar-fungt’, grew luxuriantly
during the early stage of decomposition coiciding with the larger amount of
sugars and disappeared completely at stage ‘II' where no sugar remained.
Nicholson et al; (1966) have also atrributed a large population of
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"
latent period of spore geraination, rate of germ tube extension
and percentage germiuation of some fuigl

P Heltcostylus piritorae
Mucor biemalis
Musor sp. IIT
Pilaira snosale
Pilobolus crystallinus
A Chastorius atrobrumneus I

Coprinus sp.
D Aspergillus flavus
Cephaliophora irregulari:

Fusarius sporotrichoid
P-

a- s
D - Deutesomycotes

bacteria and Phycomycetes to the presence of readily available nutrient in the
dung during the early stage of decomposition. Hemicelluloses and celluloses are
the major constituents of dung. In the present investigation, rate of decomposi-
tion of hemicelluloses and celiuloses of different stages was not uniform. A small
decrease in their amount during ‘I' stage appears to be connected with the
utilization by small number of Ascomycetes which appeared and were not
overgrown by Phycomycetes at this stage. Stage ‘IT" showed a rapid decrease of
these substances probably due to the increasing number of Ascomycetes and
Deuteromycetes which being cellulolytic freely utilized the hemicelluloses and
celluloses without any competition with the Phycomycetes. In stage 'IT'. Their
amount was nearly the same as in stage ‘Il and so was the number of these fungi.
Among various ingradients of natural organic materials, lignins are most
resistant to the action of fungi and bacteria (W a k s m a n 1926). Basidiomyce-
tes including Coprinus spp. have capacity to degrade lignins (F r i ¢ s 1953). The
tate of decomposition of lignins was rapid during ‘Il stage. The rapid
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decomposition at this stage corresponded to the presence of Basidiomycetes
(Fable 7). During stage ‘IIT", the small decrease in amount of lignins was due to
slow growth of mycelium in the substratum where present, though their fruiting
bodies might have disappeared. Amount of total nitrogen and organic nitrogen
showed an increase in the *II" stage and then become constant. It may be recalled
that Phycomycetes appeared forst but most of them soon disapeared leaving their
remains in dung itself enriching its nitrogen content. Later on, the number of
fungi increased to a large extent and the amount of nitrogenous compounds
utilized balanced the amount of nitrogenous compounds synthesized. The
amount of total nitrogen, therefore, was constant in later stages. A decrease in
nitrate nitrogen may be due to its utilization by the increasing number of fung at
stage °“IT'.

The sequential appearance of fungi on dung of these four animals was nearly
. the same. The Phycomycetes made their appearance first being closely followed
by Deuteromycetes, Ascomycetes and Basidiomycetes. Mycelia sterifia and
M yxomycetes, though lesser 1n numbers, appeared early and late but both
persisted for a much longer time (Table 6). This pattern of succession of fungi
agrees with observationsof Harper and We bs ter (1964) on pellets of
rabbit. Burges (1939, 1958)and Garrett (1951) have elaborated the
concept of ecological groups of fungi based on their substrate relationships. They
pointed out an apparent correlation between the decomposition of progressively
complex carbon sources and the taxonomic disposition of the species. During the
decomposition of manures, composts and plant lLitters, sugars, starches and
proteins are first to be utilized followed by hemicelluloses and celluloses. Lignins
usually disappear in the last phase of decomposition. Early appearance of Mucor
sp. I11, Pilaira anomala, Pilobolus crystallinus and Thamnidium elegans is due to
their rapid spore germination, high growth rate, short time taken in necessary
developmental processes in fruit body formation and ability to utilize the soluble
part of the substrate quickly. The short persistence of these fungi is possibly due
to competition between fungi and bacteria for food because bacteria have been
found to be more active in decomposition during the first two weeks when
Phycomycetes are present (Carter 1958, Nicholson etal 1966). The
early appearance and long persistence of Absidia spinosa, Circinella muscae,
Helicost ylum piriforme, Mucor heterosporus, M. hiemalis and Mucor sp. | may be
ascribed to their ability to grow even on nutritionally deficient substrate. The late
appearance and long persistence is evident in all the Ascomycetes. Their late
appearance may be due to long time taken in their fruit body formation
(Griffin 1972:40; Harper, Webster 1964)and long persistence is
possibly due to the avaibility of hemicelluloses and celluloses for a longer time in
the substrate (Table 7). The fruit bodies of Basidiomycetes appeared very late
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during succession and disappeared after a short duration. Their late appearance
may be associated with very slow growth rate of these forms (Bur ge s 1960;
Griffin 1972: 39). They are able to persist for a short duration only as their
fruiting bodies are very delicate and decay soon after maturation. The behaviour
of most of the Deuteromycetes was similar to Ascomycetes in their appearance and
persistence. Various reasons advanced for the behaviour ol Ascomycetes also
hold good for Deuteromycetes. Mycelia sterilia appearing either early or late in
succession persisted for a long time. Generally, these sterile forms are members of
Basidiomycetes and are supposed to be similar to them in exploitation of the
substratum (Alexopoulos 1952: 318). A myxomycete appeared early
probably due to the availability of bacterial cells as the source of food(R aper
1951). Its persistence for long time suggests its ability to utilize cellulose also.

Antagonism between two organisms resulis due to competition for available
nutrients, creation of conditions by one organism which may be injurious to the
other, direct parasitism of one upon other, competition for available space and
production of specific substances which have capacity of lysing or dissolving the
cells of other organisms (W ak sman 1961: 114). In present investigation,
three Phycomycetes, (Absidia spinosa, Helicostvium priforme, Mucor hiemalis)
were antagonised by all bacterial 1solates. Among Deureromycetes, Fusarium
sporotrichoides was also affected but Cephaliophora irregularis was affected to
some extent only by two bacteria. All Chaetomia except C. atrobrunneum 111 were
not at all affected (Table B). C. are known to produce antibacterial substances.
Thus, it may be considered that the fungi which produce antibacterial substances
are less susceptible to this kind of bacterial action (B r1a n 1960). Among the
bacteria employed Alcaligenes fecalis and Pseudomonas pyocyvaneus were more
effective, Escherichia coli and Klebsiella sp. less and Proteus vulgaris the least
possibly indicating a certain amount of specificity in anubiosis(Vasude v a,
Chakravarthi 1954) .

Regarding the cellulolytic activity and dry weight production of mycelia, the
fungi tested showed variable nature. Higher cellulolytic ability can be attributed
to high activity of cellulolytic enzymes and higher dry weight production to
greater utilization of assimilatory substrates. Fungi which show high cellulolytic
activity together with high dry weight of mycelia production may have higher
enzymic activity and better utihzation of substrate while the reverse may be true
for those having lower cellulolytic activity and lower mycelial production.
Memnoniella echinata, which has high cellulolytic activity and low mycehal
production must be having higher enzymic activity but be unable to make full use
of the substrate. The reasons for low cellulolytic activity and high mycehal
production in Sordaria fimicola and M yrothecium verrucaria is obscure (Table 9).

Spores of Mucor hiemalis, Pilobolus crystallinus, Chaetomium atrobrunneum



262 C. 8. Singh

III, Chaetomium sp., Phaeotrichum circinatum and Cephaliophora irregularis,
detected in the excreta of amimals after feeding on autoclaved food mixed with
them, shows that these spores are eapable of surviving in their elimentary canals.
The retention of viability of fungal spores in the alimentary canal of rabbit has
also been shown through feeding experiments by Salmon and Messes
(1902), Janczewski (1871)and Harper and Webster (1964)

The latent period of germination, rate of germ tune extension and percentage
germination of spores are three criteria to be considered in the study of spore
germination (Tomkins 1932). In the present study, two Phycomycetes
(M u c or sp. Il M. hiemalis), showed short latent period of spore germination,
high rate of germ tune ectension and high percentage of spore germination which
corresponded with early fruiting and high frequency occurrence of these species
during succession (Table 11). Three Deuteromycetes (Aspergillus ustus, Cephalio-
phora irregularis, Fusarium sporotrichoides) behaved similarly during succession
studies. Long latent period of spore germination, slow growth rate and low
percentage of germination of spores of Basidiomycetes like Coprinus sp. and C.
heptemerus corresponded with their rare occurrence and late appearance. In three
Phycomycetes (Helicostylum pririforme, Pilaira anomala, Pilobolus crystallinus)
and all the Ascomycetes, there appeared no correlation between these and
observed successional pattern which was probably due to random vanability or
physiological geterogeneity of spores causing spread in time of germination
(Harper, Webster 1964) Webster (1970) has pointed oul several
possible causes for the dormancy of spores, one or more of which might affect
their germination and consequent appearance of fruiting bodies.

The author expresses his deepest sense of gratitude to Dr. K. S. Bhargava, Ex-Semor
Professor and Head, Department of Botany, Gorakhpur Unmiversity, Gorakhpur (L. P.) for his kind

guidance and encouragement during the course of presentinvestigation.
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