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ABSTRACT: Bacterial, enzymatic and chemical analyses pointed to active micro-
biological mineralization and transformation of penguin excrements at ‘‘maritime An-
tarctic”. The following physiological groups of bacteria were found: proteolitic, amoni-
fying, nitrifying, lecithin degrading, Ca;(PO,), dissolving, chitin degrading and spore form-
ing ones. The number of molds was not significant. The nitrate reducers and N, —
fixing bacteria were not detected. About 50% of C and N were volatilized during
three weeks. Some parts of N — NH; was oxidized to N — NO; in surface layer
of the soil. The content of P increased during degradation of penguin excrements. About
1/3 part of total organic carbon content in bird excrements residues was derived from
chitin.
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1. Introduction

Admiralty Bay (62 09°S, 58 28°W) of King George Island belongs to the
coastal zone and off-shore islands of Antarctic (the “maritime Antarctic”
of Holdgate 1964). This region has long rocky and sandy-gravel shores
with variety of plants and animal life (Rakusa-Suszczewski 1980).
The summer air and soil temperatures are higher and there is a great deal
of precipitation (Nowosielski 1980, Zubek 1980).

The penguin rookeries play an important role in organic matter circulation
between sea and lowland. In these regions the birds, and especially penguins,

* This work was supported by the Polish Academy of Sciences within the MR-II-16
Project carried out at the Arctowski Station during the Fourth Antarctic Expedition
1979/1980 headed by Dr. A. Myrcha.
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are one of main sources of organic matter for lowland ecosystems (Ra-
kusa-Suszczewski 1980), which induces the soil formation (Syroeikov-
skij 1959). In the subantarctic region the role of penguin excrements was
reported as a highly concentrated N and P fertilizer for plant associations
(Smith 1978, 1979). The nutrients from bird rookeries could also influence
the life of coastal waters (Golovkina and Pozdniakova 1964).

The rookeries of Adelie Pygoscelis adeliae (Hombron et Jacquinot),
chinstrap P. antarctica (Forster) and Gentoo P. papua (Forster) penguins
are frequent at Admiralty Bay (Jabtonski in press) and therefore they
could be used for researches on penguin excrements decomposition.

2. Materials and methods

Materials for penguin excrements analyses.

The fresh Adelie penguin excrements were collected from the surface
of the snow or stones. It was possible to divide it into the following
natural fractions: ‘“‘red” fraction containing fragments of indigested krill,
“green” fraction containing probably indigested contents of the food of krill
and “white” fraction of colloidal solution. 100 g of fresh mixture of penguin
excrements was shaken with 500 ml volume of distilled water for 60 min.
on a reciprocating shaker (40 round per minute). This suspension was
filtered through the nylon sieve (60 um) and the fraction obtained was
centrifugated at 8000 x g for 10 min.

Materials for laboratory experiments.

Adelie penguins excrements were collected from the surface of the snow
three days after snowfall. Five grams of mineral soil was added as a bacterial
inoculum for each 100 g of excrements. This soil was taken from 0—10 cm
layer of mineral soil out of the rookeries. Such a mixture was as-
sumed as two-day-old sample. A single sample- of fresh penguin ex-
crements was taken for microbiological analyses at “zero” time. This
mixture of excrements was divided into two parts. One part was incubated
at room temperature about +16 C. The second part was incubated in
open air (shaded place) in temperature range of —15C to +5.7C
(+2.3 C average). The experiment was carried out with three replications.
10 g samples were taken aseptically from each replication of experiment for
analyses after 2, 6 and 21 days of incubation.

Material for field research.

Besides the laboratory experiment, several samples were collected to
study the differences in character and degree of mineralization under field
conditions during austral summer 1979/1980 from the following areas:
Thomas Point, Llano Point and Chabrier Rock at Admiralty Bay. The
57 randomly selected 10-—15 g samples were taken at each testing place
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and brought to the laboratory in sterile glass bags. The following samples
were collected:

— sample 1 — mixture of penguin excrements from inhabited rookery
of Adelie penguins at Thomas Point,

— sample 2 — mixture of penguin excrements from inhabited rookery of
Adelie penguins at Llano Point (Rescuers Hills),

— sample 3 — the flow of suspension of penguin excrements over the
steep rocks from inhabited rookery of Antarctic penguins at Chabrier
Rock,

— sample 4 — the flow of suspension of penguin excrements over the
gentle slope from inhabited rookeries of the Adelie and chinstrap penguins
about 10—15 m out of the nests at Llane Point,

— sample 5 —the above described flow but 50-—70 m out of the
nests,

— sample 6 — the organic-mineral sediment on the beach at Llano
Point. This sediment was being formed in the small reservoirs of water
which was flowing down together with excrements from rookeries.

Chemical analyses.

Mineral and organic compounds were determined in the samples from
laboratory experiment and in the field samples. The content of carbohydrates
was determined with phenolsulphuric reagent according to Dowgiallo (un-
published data). The content of chitin was determined as glucosoamine
content after acid hydrolase according to Wigckowska (1968). The conterint
of uric acid was determined according to Tinsley and Nowakowski
(1957). : ‘

Total nitrogen and phosphorus were determined after decomposition of
sample in sulphuric acid with some drops of perhydrol according to
Schillak (1966). Ammonia in water was determined by indophenol method
(Solorzano 1962), N/NO, and N/NO; (after reduction to N/NO, on Cd
column) by napthylethylene diamine method according to procedure recom-
mended by the Smithsonian Institution (1978) in Laboratory guide for
nutrient analysis of water, soil and plant material, P — by molybdenum
blue method.

Rate of volatilization of N/NH,; was measured after exposure of in-
cubated sample for one hour in a closed small container together with a flat
vessel with diluted sulfuric acid as a trap for ammonia. N/NH, was
determined by Nessler method.

Change in weight, ash and water contents were controlled every time.
Calculation of change in total content of nutrients in sample during ex-
position included assumption that weight and content of nutrients in added
mineral soil were constant.

Enzymatic analyses.
The soil samples were dried at room temperature (+20 C), ground and
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sifted through 1 mm sieve. The samples from laboratory experiments and
from rookeries were suspended in saline solution. 1 gram or 1ml from
total sample was taken in three replications to measure the enzymatic
activity. Some drops of toluene were added to stabilize the population of
microorganisms. Activity of the following enzymes were determined:

— gelatinase activity according to Hoffman and Teicher (1959);

— asparaginase and uric acid hydrolases activity analogically to urease
determination by Hoffman and Teicher (1961);

— acid and alkaline phosphatases activity according to Kramer and
Erdei (1959).

Microbiological analyses.

Enumeration of different physiological groups of bacteria were estimated
using dilution plate or tube methods. The following media were used:

— semi-liquid pepton yeast extract medium (PEM) for counting the total
number of bacteria (Widen 1977),

— gelatin agar for counting the number of proteolitic bacteria (Harrigan
and McCance 1966),

— chitin agar (2.5%;) with 25%, of Taylor’s soil extract from rookery
for counting the number of chitin degrading bacteria,

— Mienkina’s lecithin agar for counting the number of organic phosphorus
degrading bacteria (Paluch 1973),

— Banata and Rovina’s medium for counting the number of Ca;(PO,),
dissolving bacteria (Paluch 1973),

— Rougieux and Girard’s liquid medium with L-asparagine or uric acid
for counting the number of ammonifying bacteria (Paluch 1973),

— nitrate formation medium for counting the number of nitrifying
bacteria (Harrigan and McCance 1966),

— Valery and Alexander’s solid medium for counting the number of
nitrate reducers in anaerobic conditions (Paluch 1973),

— PEM for counting the number of spore-forming bacteria after heat
treatment of the suspensions at 80'C for 15 min.,

— Burk’s agar for counting the number of N,-fixing bacteria (Paluch
1973).

Additionally, the number of moulds was determined on rose bengal agar
(Harrigan and McCance 1966).

Plates and tubes were incubated at +18°C during 3—21 days. All
enumerations were calculated per 1 g of dry soil without stones and gravel
(=1 mm). Biological and chemical analyses were done at the Arctowski
Station of the Polish Academy of Sciences.

3. Results and discussion

Characteristics of penguin excrements.
The krill (Euphausia superba Dana) are mainly food of Adelie, Antarctic
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Table I

The chemical composition of krill (Euphausia superba Dana) and different fractions of penguin
’ excrements (% of dry weight)

Sample Nutrients Organic compounds
Uric ., ... Carbo-
C N P C/N C/p P/N acid Chitin igdeat
Krill 342 10.6 1.76 32 189 0.17 00 56 1.6

Natural fractions
of excrements:

— “red” ==%) 9.55 2.45 — — 0.26 00 658 —
— “white” —_— 27.22 0.12 - — 0.004 810 00 0.0
— “green” — 9.90 0.86 —— — 0.09 00 00 —

Mechanical fractions
of excrements:

— = 60 pm — 5.71 1.60 — — 0.28 00 957 25
— < 60 pm — 6.98 2.80 — — 0.40 — 156 54
— soluble — 25.40 4.40 — — 0.17 181 00 —

*) not determined

and Gentoo penguins in the Admiralty Bay region (Volkman, Presler and
Trivelpiece 1980). After digestion, the faeces are excreted as heterogenic
material. The “white” fraction of uric acid contained the ‘“‘red” fraction
of krill exoskeleton with high level of chitin (65.87;) and phosphorus
(2.45%,) (Table I). The level of nitrogen (27.29)) in “white” fraction was
similar to its content in the pure uric acid. The level of nitrogen at “‘red”
fraction was similar to that in the chitin. The ‘“green” fraction contained
the indigested cells of algae with high level of nitrogen (9.90°;) (Table I).

The 359, of total weight of penguin excrements was found in mechanical
fraction with particles larger than 60 ym. The chitin (95.7°,) was the
predominant compound in this fraction (Table I). The second fraction was
material with particles smaller than 60 pm, which constitute 45%, of total
weight of excrements. This fraction had some parts of mechanically desintegrated
exoskeleton of krill which was showed by the presence of chitin (15.6%),
high level of P (2.80°,) probably as unsoluble organic or organic-mineral
substances as well as carbohydrates (5.60°;) probably from indigested cell
walls of algae (Table I). The rest of excrements (20°,) after mechanical
separation was dissolved. About 50%, of total nitrogen and about 30°, of
total phosphorus from excrements was found in this soluble fraction
(Table I). This fraction was most easily washed away by water from
rookeries to coastal waters. A high percentage of soluble fraction of
organic and mineral compounds in excrements of Arctic birds was found
by Galkina (1974).

The saprophytic, proteolitic and spore-forming bacteria were found
in fresh excrements of Adelie penguins (Table 1I). Our results are confirmed
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by Margini and Castrelos (1963), who isolated spore-forming bacteria
from Adelie penguins. The presence of spore-forming bacteria in excrements
of Adelie penguins and absence of these bacteria in guano from rookery
of Gentoo penguins (Boyd W. L., Rothenburg and Boyd J. W. 1970) is
difficult to explain.

Mineralization of excrements in the laboratory experiments.

The first stage of mineralization of the tested excrements was observed
in the laboratory. The liquefaction was observed at first, very intensive stage of
mineralization, after 5—6 days at +16'C, but after 20 days on open air
(+2.3 C average). This process was connected with bacterial and enzymatic
activity. The first stage of mineralization was done by the specific proteases
(determined as gelatinase activity) excreted with dejections (Table III).

Table III

Changes of the enzymatic activities during incubation of penguin excrements (per 1 g of dry
weight during 24 hours at + 10°C)

Hydrolases Phosphatases
Time of Gelatinase . Uric acid . .
incubation mg N-NH, Aspa;la gll\?;s ¢ hydrolases Acu:) Alkah};le
mg N5 mg N-NH; =5 .
0 day 124.0 0.07 0.00 0.26 0.56
2 days 312 3.29 223 0.35 0.62
6 days:
—in open air 24.1 22.05 9.07 5.80 37.80
—at +16°C 11.1 11.35 3.70 2.10 18.52
21 days:
— in open air 12.7 5.17 0.00 0.28 2.95
—at +16°C 2.3 0.23 0.00 0.07 1.47

The number of proteolitic, lecithin degrading and chitin degrading bacteria
(Table IT) and activity of gelatinase, acid and alkaline phosphatases (Table III)
were lower at +16'C than in open air, which suggested that organic
‘macromolecules were already degradated in high percentage. These processes
changed physical properties of excrements. The volatilization of C-CO,
was about four times higher at +16 C than in open air (Fig. 1). It was
correlated with total number of saprophytic bacteria (Table II), which utilized
simple organic compounds coming from degradation of macromolecules.
Mineralization of organic nitrogen to N-NH; was observed from the first
days of experiment. Some part of formed ammonia was fixed by organic
colloids or was dissolved in solution and the rest of it was volatilized
(Fig. 2). The level of fixed ammonia was similar in both temperatures
but its volatilization was about four times higher at +16 C (Fig. 2).

The microbiological mineralization of organic nitrogen was tested as the
number of ammonifying bacteria (asparagine or uric acid) and as activities
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Fig. 1. The rate of loss of C-CO, from penguin excrements incubated in different temperatures
during laboratory experiment
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Fig. 2. Changes of proportions of nitrogen forms in the penguin excrements incubated in
different temperatures during laboratory experiment

A — temperature +16 C, B — temperature +2.3°C, N-NH; gas — the volatilized ammonium
to atmosphere, N-NH; min — the water soluble ammonium, N org — the organic nitrogen
T
of asparagine and uric acid hydrolases. The number of these bacteria and
‘their enzymatic activities was similar or lower at +16 C than in open air
(Table II and III). It was confirmed by measurement of N-NH; volatiliza-
tion, which pointed to more than 50°, of mineralization of organic nitrogen
before 6 day at higher temperature (Fig. 2). Similar percentage of organic
nitrogen mineralization in open air was found after 20 days. The analyses
of degradation of uric acid could suggest its utilization as a second
source of nitrogen for bacteria. Nevertheless, the process of mineralization
was more intensive at +16°C than in open air, the level of tested
parameters was similar at the end of experiment (Table II). These results
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could suggest correlation between degradation of chitin and the presence
of simple organic compounds, which induce this process and smaller influence
of temperature. The level of C and N decreased about twofold, and P
concentration increased about twofold after 21 days of penguin ex-
crement incubation at both temperatures (Table IV). The chitin (6.99; —
8.5%) contained about 1/3 part of total organic carbon in residiues of
excrements after incubation (Table IV).

Mineralization of penguin excrements under field conditions.
The excrements are fixed continually with semi-liquid organic mass of
older faeces by walking penguins (samples 1 and 2). Such mixtures showed

Table IV

The chemical composition of penguin excrements from laboratory experiment (% of dry weight)

Nutrients Organic compounds
Sample Urid .. Carbo-
C N P C/N C/P P/N acid Chitin byl

Fresh excrements
— “0” day 280 1035 255 26 11.0 025 104 32.1 5.1

After 21 days
of incubation:
—at +16°C 13.8 580 447 24 31 077 00 6.9 0.0
—in open air 142 6.63 340 2.1 42 051 0.0 8.5 —

Table V

The content of water extractable nutrients in differents field samples of penguin excrements
(¢, of dry weight)

Nitrogen Nmé,x . N-nii: " Pano .
Samples Porio-
N H3 N 03 N02 Parm . Nmr . Plot .
L Mixtuee of excrements .50 oa0r @00t 107 30 47 23
Thomas Point
2. Mixture of excrements , (o o001 0001 116 23 40 28
Llano Point
4. Flow of suspension
(1015 m from 0.30  0.001  0.004 0.60 0.51 6.4 11
rookery)
Llano Point
5. Flow of suspension
50—70 m f
( Ak 034 0030 0009  0.79 0.48 13 16

rookery)
Llano Point

6. Organic-mineral
sediment 0.01 0.017 0.001 0.09 0.30 1.6 35
Llano Point
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significant degree of degradation because a lot of nutrients could be extracted
by water (Table V). Additionally, the concentrations of C and N were
lower and P content as well as chitin content were higher in com-
parison with fresh excrements (Table IV and VI). In these samples the
level of ash was 32°,—48°, and indicated to the ‘“dilution” of organic
matter by mineral fraction. The level of phosphorus in the rookeries was
comparable with determinations reported by several authors (Boyd W.L.,
Rothenburg and Boyd J. W. 1970, Smith 1978, 1979). '

The high number of saprophytic bacteria — 30—42 x 10° and proteolitic
bacteria — 0.7—0.8 x 10° (Table VII) as well as gelatinase and phosphatases
activities (Table VIII) were also pointing to the significant stage of mineraliza-
tion. The number of bacteria was smaller than that reported by Boyd W.L.,
Rothenburgand Boyd J. W. (1970). The high number of calcium phosphates
dissolving bacteria was very characteristic in organic matter from rookeries
(Table VII). The processes of calcium phosphates dissolution could give
possibilities for P migration into soil profiles as well as outside rookeries
with water.

The next degree of mineralization was observed after washing away
the organic matter from rookeries as a flow of suspension (samples 3, 4 and 5).
Chemical composition of these samples was similar to materials which were
obtained after laboratory incubation (Table IV and VI). The level of P
(4.88%,—7.17,) and chitin (6.99,—7.9",) were significantly higher than in the
samples from rookeries (Table VI). In these samples the higher number of
chitin, lecithin and uric acid degrading bacteria was found (Table VII)
as well as the higher activities of both tested phosphatases and uric acid
hydrolases (Table VIII).

The ratios C/N and P/N were higher in amorphous flows of organic
matter from rookeries (Table VI), which pointed to the dissolution of nitrogen
compounds by water. These results could suggest the utilization of P-organic
substances, uric acid and chitin at second stage of mineralization after
partial disappearance (consumption by microorganisms, wash away by water)
of simple organic compounds from excrements. The significantly higher
content of nitrogen was found in a sample of suspension flow from rookery
of chinstrap penguins (Chabrier Rock — sample 3) which was transported
over the steep rocks without mixing with mineral fraction of the soil
(Table VI). Chemical composition and biological activity of this sample was
similar to samples from rookeries (Table VI and VII). However, the content
of P and chitin pointed to a higher stage of mineralization. The lowest
nitrogen content (2.88%, and 1.68°)) and the highest C/N and P/N ratios
were found in material after long transport over gentle slope (sample 5)
and in organic sediment on the beach, which was formed during stagnation
of water flowing down from rookeries (sample 6). Materials in this
degradation stage were decomposed by microorganisms slowly, which was
evidenced by the small number of saprophytic bacteria (Table VII), low
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could suggest correlation between degradation of chitin and the presence
of simple organic compounds, which induce this process and smaller influence
of temperature. The level of C and N decreased about twofold, and P
concentration increased about twofold after 21 days of penguin ex-
crement incubation at both temperatures (Table IV). The chitin (6.99, —
8.5%) contained about 1/3 part of total organic carbon in residiues of
excrements after incubation (Table IV).

Mineralization of penguin excrements under field conditions.
The excrements are fixed continually with semi-liquid organic mass of
older faeces by walking penguins (samples 1 and 2). Such mixtures showed

Table IV

The chemical compositibn of penguin excrements from laboratory experiment (%, of dry weighf)

Nutrients Organic compounds
Sample Urid . Carbo-
C N P C/N C/P P/N acid Chitin hydrat.

Fresh excrements
— “0” day 2800 1035 255 26 11.0 025 104 32.1 5.1

After 21 days
of incubation:
—at +16°C 13.8 580 447 24 31 077 00 6.9 0.0
—in open air 142 6.63 340 2.1 42 051 0.0 8.5 —

Table V

The content of water extractable nutrients in differents field samples of penguin excrements
(% of dry weight)

Nitrogen Nmiu . le'n . Purtn .
Samples | S
NH3 N03 N02 Po"o - le . Pwl -
L Mixture of excoements ‘900 gogp 0001 107 30 47 23
Thomas Point
2. Mixture of excrements , ¢ o001 0001 116 23 40 28
Llano Point
4. Flow of suspension
(10~15m from 030 0001 0004 060 051 6.4 1
rookery)
Llano Point
5. Flow of suspension
50—70 m fi
( e 034 0030 0009 079 048 13 16

rookery)
Llano Point

6. Organic-mineral

sediment 0.01 0.017 0.001 0.09 0.30 1.6 3.5
Llano Point
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significant degree of degradation because a lot of nutrients could be extracted
by water (Table V). Additionally, the concentrations of C and N were
lower and P content as well as chitin content were higher in com-
parison with fresh excrements (Table IV and VI). In these samples the
level of ash was 32°,—48°, and indicated to the ‘“dilution”” of organic
matter by mineral fraction. The level of phosphorus in the rookeries was
comparable with determinations reported by several authors (Boyd W.L.,
Rothenburg and Boyd J. W. 1970, Smith 1978, 1979). '

The high number of saprophytic bacteria — 30—42 x 10° and proteolitic
bacteria — 0.7—0.8 x 10° (Table VII) as well as gelatinase and phosphatases
activities (Table VIII) were also pointing to the significant stage of mineraliza-
tion. The number of bacteria was smaller than that reported by Boyd W.L.,
Rothenburgand Boyd J. W. (1970). The high number of calcium phosphates
dissolving bacteria was very characteristic in organic matter from rookeries
(Table VII). The processes of calcium phosphates dissolution could give
possibilities for P migration into soil profiles as well as outside rookeries
with water.

The next degree of mineralization was observed after washing away
the organic matter from rookeries as a flow of suspension (samples 3, 4 and 5).
Chemical composition of these samples was similar to materials which were
obtained after laboratory incubation (Table IV and VI). The level of P
(4.88%,—7.17,) and chitin (6.9°,—7.9%,) were significantly higher than in the
samples from rookeries (Table VI). In these samples the higher number of
chitin, lecithin and uric acid degrading bacteria was found (Table VII)
as well as the higher activities of both tested phosphatases and uric acid
hydrolases (Table VIII).

The ratios C/N and P/N were higher in amorphous flows of organic
matter from rookeries (Table VI), which pointed to the dissolution of nitrogen
compounds by water. These results could suggest the utilization of P-organic
substances, uric acid and chitin at second stage of mineralization after
partial disappearance (consumption by microorganisms, wash away by water)
of simple organic compounds from excrements. The significantly higher
content of nitrogen was found in a sample of suspension flow from rookery
of chinstrap penguins (Chabrier Rock — sample 3) which was transported
over the steep rocks without mixing with mineral fraction of the soil
(Table VI). Chemical composition and biological activity of this sample was
similar to samples from rookeries (Table VI and VII). However, the content
of P and chitin pointed to a higher stage of mineralization. The lowest
nitrogen content (2.88°%, and 1.68°,) and the highest C/N and P/N ratios
were found in material after long transport over gentle slope (sample 5)
and in organic sediment on the beach, which was formed during stagnation
of water flowing down from rookeries (sample 6). Materials in this
degradation stage were decomposed by microorganisms slowly, which was
evidenced by the small number of saprophytic bacteria (Table VII), low
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Table VIII

The enzymatic activities of field samples of penguin excrements from Llano Point
(per 1g of dry weight during 24 hours at + 10°C)

Hydrolases ) Phosphatases
Gelatinase . uric acid . .
No. sample
ORI g NoNm, BPRGNEC g AGd - Alaline
g 3 mg N-NH, g g
2. Mixture of excrements 4.8 5.46 trace 0.26 0.56
5. Flow of suspension
(50—70 m from
rookery) 29 2.06 0.03 3.50 6.15
6. Organic-mineral .
sediment 0.5 0.22 0.23 0.17 0.31

enzymatic activities (Table VIII) and low level of extractable nutrients
(Table V). Only the number of chitin degrading bacteria and uric acid
ammonifying bacteria as well as uric acid hydrolases activity were significant
(Table VII and VIII). The 3.8% of chitin in organic sediment contained
about 1/3 part of total organic carbon (Table VI).

The number of nitrifying bacteria (200—250) and the content of N-NO,
(0.0309%; and 0.017%) determined in samples S and 6 showed the possibilities
of ammonium oxidation after mineralization of simple organic substances.
The level of N-NO; was lower than reported by Boyd W. L., Rothenburg
and Boyd J. W. (1970) in Gentoo penguins guano. In any samples the
N,-fixing and nitrate reducing bacteria were not found. The number of
moulds increased during degradation of excrements.

4. Conclusion

The excrements of penguins in ‘‘maritime” Antarctic were degradated
microbiologically. About 50% of C and N was volatilized during three
weeks. The mineralization of nitrogen compounds were observed as effect
of activity of enzymes from digestive system of penguins (proteases) and
under influence of bacteria (proteolitic and ammonifying). The uric acid
could be degradated totally in the second stage of mineralization. The
chitin was found to be partially stable under natural conditions on the field
and at laboratory experiment. About 1/3 part of total organic carbon in
birds excrements residues consisted of chitin. Ammonium was partially
oxidized to nitrates at the organic horizon of soils. Mineralization of
P-organic substances was intensive in rookeries and in the first stage of
transport of organic matter to the sea. The calcium phosphates dissolving
bacteria were more frequent in the materials with high content of organic
compounds.
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5. PCB}OMC

Bouii npoBeleHbl HCCIEJOBAHUS XUMHMYECKOTO COCTaBa, IJH3MMATHYECKOW AKTHBHOCTH,
a TaKXe€ YHCICHHOCTH pAa3HbIX (PM3UOJIOTMYECKHX TPYNN OakTepuil B Mpolecce pa3ioKEeHHs
9KCKPEMEHTOB IHHI BUHOB U3 pona Pygoscelis B paiioHe 3anuBa AJIMHpAITH Ha ocTpoBe KuHr
Jixopmk. XMMHYECKMHA aHAJM3 Kak COOpaHHBIX B OKpPYXAaloLled MECTHOCTH €CTECTBEHHBIX
dbpakumii, Tak U GppakuMii MEXaHHYECKH BBIJECJIEHHBIX U3 CMECH 3KCKPEMEHTOB ITHHTBUHOB AJeH,
noka3aJl 3HaYMTEIbHYI0 KOHLEHTpaluio dochopa W XUTHHBI MO CPABHEHUIO C ymoTpebisieMon
nuied (tabimua I). OcHOBHYIO Maccy TBEpIOH T.Has. ,,KpacHOW (pakUUM 3KCKPEMEHTOB,
coaepxaiied ¢parmeHTsl Oosbiie yeM 60 uM, coctamiseT xutuHa (Tabmuna I). Oxomno 50%
obuiero konuyecTsa aszota W akojo 30, obuwero xosnmyectsa ¢ochopa comepxutcs B 20%
obuiei 'pacmopuMoﬁ B BoJe Macchl (Tabsmmna I).

‘B pesynabTaTe MCCIENIOBAHMS MHHEpAJM3alMU KCKPEMEHTOB B JAaOOpPaTOPHBIX YCIOBHSX,
a TakXe Ha OCHOBaHMM NpOO, COOpaHHBIX B OKPYXKAaIOILEH MECTHOCTH, ObUIO YCTAHOBJIEHO
3HAYMTENbHOE y4yaCTHE CanpoGUTUYECKUX OakTepuil aKTUBHBIX B J€rpafallMd pa3HbIX KOMIIO-
HEHTOB IHUHIBUHBUX 3KCKPEMEHTOB: NPOTEOJMTHYECKHE, pa3jiaralollde XHTHHY, pasJiararouiue
JICUATHUH, aMMOHU(UKATOPHI (KCMOJB3YIOIIKE aclHapardH WX MOYEBYIO KHCIIOTY), a TakKxke
6aktepuu, pactsopsitomue Ca,(PO,),. Kpome Toro 6blji0 OGHapyKE€HO NPHUCYTCTBUE HUTPHD
HMKAaTOPOB M IjleCHEeBbIX rpuboB (Tabmuubt II u VII). [denutpudukatopsr U OaxkTepuw,
COeIMHAIOIIME CBOOOMAHBIM a30T, OTCYTCTBOBAJIH. ‘

Uccnenosanach Takxke 3H3MMATHYECKAash aKTHBHOCTBH: aclaparuHasbl, THAPOJIa3 MOYEBOH
KHMCJIOTBI, KMCJIOH M 1ieno4yHoi docdaras (Taﬁﬂﬂllbl-[" u VIII).

Pa3noxenue 6eJKOB MPOUCXOMAMWIO HA NMEPBOM 3Tamne MO BIUSHAEM JH3MMOB, BbLIENAEMBIX
U3 MHILIEBOrO TpakTa BMECTE C 9KCKPEMEHTaMH (MpoTeas3bl), a TakXke MOJ BJIMSHHEM MPOTEOJIHU-
Tudeckux Gaktepuii (Tabmuupl II u III). BropsiM 3TanoM MuHEpaM3allud OPraHAYECKHX COEIH-
HEHUH a30Ta (AMHHOKHCJIOT M MOYEBOW KHCJIOTHI) sBIseTCs OakTepuilHasi aMMOHHMpUKanus,
BeAymas K BO3HHKHOBEHHIO CBOOOIHOrO aMMHaka, KOTODBIH B KOJHYECTBE, MPEBBIIIAIOLIEM
50% yneryumBancs B aTMochepy B TeueHHe NepBBIX Tpex Henenb (puc. 2). OIHOBpEMEHHO
B TO € CaMOe BpeMs YJeTyuuBajochb OK. 509, obmero kosuyecTBa yriepona (puc. 1).
Bbiia 0O6HapyXeHa BO3MOXHOCTb OKHCJIEHHS aMMHaka /10 (JOpMbl HATPAaTOB B MOBEPXHOCTHBIX
CJIOSIX TPYHTa MOC/Ie MHHEpAJM3allid M BbIIIEJIAYHBAHUS NPOCTHIX OPraHHYECKHX COEIMHEHHH
(tabuuubr V u VII).

B ocTranbHOW 4YacTH NHHTBHHBUX JKCKPEMEHTOB YCTAHOBJIEHO MOBBIIIEHHOE COAEPXKAHME
¢dochopa ¥ XUTHHBI KaKk Pe3yJbTaT MHKPOOHOIOrHYECKOH MHHEpAJIM3ALUA M BbIILETaYUBAHUSA
NpPOCTBHIX OPraHHYECKMX COEIMHEHMH, pacTBOpMMbIX B Boae (Tabmmubr IV, V, VI). Opraen-
4eCKHiM yrjiepoja XUTHHBI COCTaBisa 1/3 ocTaBllerocs KOJMYecTBa Yrjepoja B OCTaTKax
9KCKPEMEHTOB KaK B TMOJIEBBIX, Tak ¥ B JIADOPAaTOPHBIX YCJIOBHSAX.

6. Streszczenie

Przeprowadzono badania sktadu chemicznego, aktywnosci enzymatycznej oraz liczebnosci
roznych grup fizjologicznych bakterii w trakcie procesow rozktadu odchodéw pingwinoéw z ro-
dzaju Pygoscelis w rejonie Zatoki Admiralicji na wyspie Krola Jerzego. Analiza chemiczna
zebranych w terenie frakcji naturalnych jak i rozdzielonych mechanicznie z mieszaniny odchodow
pingwindw Adeli wykazala znaczne zaggszczenie fosforu oraz chityny w poréwnaniu do
pobieranego pokarmu (tabela I). Glowna mase¢ stalej, tzw. ,czerwonej”, frakcji odchodow,
ktora pod wzgledem mechanicznym zawiera fragmenty wigksze od 60 um, stanowi chityna
(tabela I). Okoto 50°, catkowitej ilosci azotu i okoto 30", catkowitej ilosci fosforu zawarte
jest w 20°, ogblnej masy rozpuszczalnej w wodzie (tabela I). )

W trakcie badan nad mineralizacja odchodow w warunkach laboratoryjnych jak i na
podstawie probek pobranych w terenie stwierdzono znaczny udzial bakterii saprofitycznych
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degradujacych rozne skladniki odchodoéw: proteolityczne, degradujace chityne, degradu-
jace lecytyne, amonifikatory (wykorzystujace asparaging lub kwas moczowy) oraz roz-
puszczajace Ca;(PO,),. Ponadto stwierdzono wystgpowanie nitryfikatorOw oraz grzybow
plesniowych (tabela II i VII). Nie stwierdzono obecnosci denitryfikatorow oraz bakterii
wiazacych wolny azot.

Badano rowniez aktywno$¢ enzymatyczna: zelatynazy, asparaginazy, hydrolaz kwasu
moczowego, fosfatazy kwasnej i zasadowej (tabela III i VIII).

Rozklad bialek nastgpowal w pierwszym etapie pod wplywem enzymoéw wydalanych
z uktadu pokarmowego wraz z odchodami (proteazy) jak i pod wplywem bakterii proteoli-
tycznych (tabela II i III). Drugim etapem mineralizacji organicznych zwiazkow azotu
(aminokwasow i kwasu moczowego) jest amonifikacja bakteryjna powodujaca powstawanie
wolnego amoniaku, ktory w iloSci przekraczajacej 50% ulatnial si¢' do atmosfery w okresie
pierwszych trzech tygodni (rys. 2). Rownolegle okoto 50% ogolnej ilosci wegla ulatniato
si¢ w tym samym czasie (rys. 1). Stwierdzono mozliwo$¢ utleniania amoniaku do azotanéw
w powierzchniowych warstwach gleb po zmineralizowaniu i wymyciu prostych zwiazkow
organicznych tabela V i VII).

W pozostalych resztkach odchodow pingwinich stwierdzono zaggszczenie fosforu i chityny
jako rezultat mikrobiologicznej mineralizacji i wymywania prostych zwiazkow organicznych
rozpuszczalnych w wodzie (tabela IV, V i VI). Wegiel , organiczny chityny stanowil az
1/3 czeg§¢ pozostalej ilosci wegla w resztkach odchodéw zaré6wno w warunkach terenowych
jak i w doswiadczeniach laboratoryjnych.
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