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ABSTRACT: Changes in chemical composition of the surface waters percolated through
the soil and running off from the penguin rookeries are described. It was found,
that the chemical composition of waters flowing from the breeding places depends
on the size and rate of precipitation, and also on the location of rookeries. The
longer and more complicated is the run off route of waters from the terrain of rookery,
the more diluted are the solutions that reach the sea. In such case a significant
part of phosphorus contained in the fecal materials may be retained on land, while
most of ammonia volatilizates into the atmosphere.
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1. Introduction

Large sea-bird colonies, nesting on the limited site of the sea-shore
give rise to an enormous fecal concentration. This natural organic fertiliza-
tion is particularly important for the development and diversity of life on the
narrow, ice-free coastal lowlands in the polar regions. Nutrients leached
from excreta and spread by water and air enrich surrounding poor soils
(Syroeckovskij 1959, Ugolini 1972, Eurola and Hakala 1977, Smith
1977, 1978, 1979), and fresh waters (Ganning and Wulff 1969, Grob-
belaar 1974, 1975, 1978a, 1978b, KrzyszoWska in press, Heywood, Dort-
nal and Priddle 1980, Priddle and Heywood 1980). Several authors
have also reported that the solutions washed from the bird colonies
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down into the sea cause a remarkable increase in the nutrient level in the
littoral waters (Golovkin and Gurevi¢ 1973, Golovkin and Garkovaja
1975) and that could have important effects in the increase of their
primary and secondary productivity. However, this phenomenon does not
seem to be equally important everywhere in the polar regions (Bedard,
Theriault and Berube 1980).

Up to now, the evolution of the chemical composition of waters during
their downslope way has not been described, and, therefore, there is a lack
of information concerned with this main soil-formation process of the
ornithogenic soils. It is also difficult to find out in what form the nutrients
reach the sea. Simple and quick experiments (Bedard, Theriault and
Berube 1980, Galkina 1974) used in the examination of the water-
-soluble part of nutrients, ignore the process of intensive mineralization
of guano (Pietr, Tatur and Myrcha 1983, Tatur and Myrcha in
press). '

2. Material and methods

Study Site

Investigations were carried out in the region of Admiralty Bay (62 09°S,
58 28'W) on King George Island, South Shetland Islands. In 1979, there
were recorded about 45 000 pairs of penguins on the seven ice-free strips
of the coastal line (Jabtonski in press). Three species of penguins, found
in Admiralty Bay, nest at different sites (Jablonski in press, Moczydiow-
ski in prep. The Adelie penguins Pygoscelis adeliae (Hombron et Ja-
cquinot) are more agile and reach further inland than any other penguin
species do. Rookeries of the Adelie penguins (only Thomas Pt. and Llano Pt.)
are usually situated far away from the sea and their nesting sites are localised
on the permeable ground. Chemically aggressive solutions, washed down from
the rookery, during their long and complicated way downslopes react with
the weathered cover of the volcanic rock, and form a wide zone of alteration
(Tatur and Myrcha in press).

Rookeries of the chinstrap penguins P. antarctica (Forster), found at
Patelnia, Fur Seal Pt., Demay Pt., Shag Pt. and Chabrier Rock, are
localised mainly on the steep, hard rocks near the sea. The waters washed
down from these rookeries reach the sea faster and the zone of alteration, if
it does exist at all, is small. Gentoo penguins P. papua (Forster) nest
mainly in small rookeries on the stony beach. Their population is less
significant here.

The best site for study was found to be on Llano Pt. During the
summer 1979/1980, 18 335 pairs of penguins had been counted there, nesting
in several rookeries on the area of about 15 hectars (Jablonski in
press). Nesting sites of the birds were situated mainly on the elevated
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cliff, more than 100 m distant from the sea. About 82 per cent of the total
penguin population on the Llano Pt. belonged to the Adelie penguins, but
on the elevated cliff only this penguin species is nesting.

Since the way of the water running to the sea was longer here than in
other places, surface water could be easily distinguished from that percolated
through the soil, and the rate of its flow could be satisfactorily measured
in the stream. The fate of solution washed down from other rookeries
into the Admiralty Bay was less complicated and its way to the sea was
shorter.

.The way which guano was washed down from the main rookery localised
on the elevated cliff is shown in Fig. 1. Following heavy rainfall, the
solutions with guano suspension were displaced downslopes mainly on the
surface of the soil. During small rainfall, or snow cover thawing, most of
the solutions percolated through the soil. After a rain fall, the outflow of
infiltrating water disappeared with a delay of few hours in pt. 2 (Fig. 1),
after several days in pt. 3, and weeks in pt. 4. Begining from pt. 4, as
usually during a long way to the sea, a stream was formed. The stream
flowed with short interruptions, in freezing periods, or prolonged spells of
dry weather, during the entire austral summer.

penguins rookery
e e

Admirelty

+ I +
+ + + + + 4+ +

Fig. 1. The ways of water running off from the main rookery on Llano Pt. with schematically
marked sampling points (1—6)

Methods .

Water samples were collected nine times, under different meteorological
conditions, at six sites marked in the diagram (Fig. 1), during the austral
summer 1979/1980. Water was filtered (Whatman GF/C), and from that clear

solution, after an appriopriate dilution, the following determinations were
performed:

— NH; — N by indophenol method according to Solorzano (1969),
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— NO, —N and NO; —N, after reduction on Cd, by naphthyl-
etylene diamine method according to procedure recommended by the
Smithsonian Institution (1978) in Laboratory guide for nutrient analysis of
water, soil and plant material,

— P — colorimetrically, using the molybdenum blue method according
to Strickland and Person (1968),

— Organic carbon by the method of wet oxidation with potassmm
dichromate according to Maciolek (1972),

— pH was tested colorimetrically, in the range 4.0 --7.4.

The above mentioned analyses were carried out in the laboratory on the
day of sampling.

To samples HNO; was added, and three months later, in these samples
Ca, Mg, Al, Fe were determined by the atomic absorbtion spectrophotometry,
as well as K and Na by the emission flame spectrophotometry, using
Varian Techtron model 1200 instrument. To eliminate interferention during
the Ca analysis, nitrous oxide-acetylene flame, an excess of Na, and a particular
position of the burner were used (Ward and Biechler 1975). The analysis
of the filter suspension was carried out in the same way as the analysis
of guano samples (Pietr, Tatur and Myrcha 1983).

3. Results and discussion

Chemical composition of waters running off from, and by-passing penguin
rookeries.

Fresh water in streams on King George Island usually belongs to
a slightly mineralized water of the CI-HCO;-Ca-Mg type, with a neutral
reaction and slight conductivity in the range of 25 - -30 mS (Kozik, personal
communication). Waters running off from the penguin rookeries leach several
elements from the decomposed guano (Altschuler 1974, Tatur and
Myrcha in press). The contrast between chemical composition of these
waters and waters by-pasing penguin rookeries is therefore very sharp
(Table I). Common ornithogenic origin of some determined elements in
water results in a significant correlations between them, as well as with the
main nutrient in this group, i.e. phosphorus (Table II). Thus, this given
combination of data suggests that the avian manuring in some places can
be the main factor controlling not only the level of nutrients N and P
(Grobellaar 1974, 1978a, Priddle and Heywood 1980), but also other
elements in water.

However, specific properties of the individual elements revealed during
food assimilation by birds, guano decomposition, selective dissolution, reactions
with rich substratum and volatilization of ammonia into the atmosphere,
cause the existence of different proportions between elements in water,
in comparison with the krill --the main food of penguins (Table III).
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Table II

Coefficients of correlation between phosphorus and other elements in water running off from
catchment basin comprising penguin rookeries (n = 18)

N N/NH; N/NO; Al K Na Fe Ca Mg

P 079 0.75 0.33 0.33 0.59 0.42 0.66 0.67 0.94
Table [III
Comparison of ratios among elements in krill — the main food of the penguins and in

waters carrying down products of the decomposition of penguins faeces. Comparison in rela-
tion to phosphorus

P N Na Ca K Mg
——
krill 100 605 176 56 20 >
water 100 274 320 107 107 61

(81—423)  (32—3000)  (21—148) (31—260)  (22—370) ‘

The decrease in nitrogen concentration in relation to phosphorus in water
is mainly due to the intensive volatilization of ammonia into the atmosphere
(Allen, Grimshaw and Holdgate 1967, Ganning and Wulff 1977,
Pietr, Tatur and Myrcha 1983). A substantial increase in ratio of the
metallic cations Ca, K, Mg to phosphorus is caused by the higher
intensity of rock alteration due to the attack of chemically aggressive
ornithogenic water, as well as by the decrease in phosphorus concentration
resulting from the precipitation of aluminium-potassium and aluminium
phosphates in the ornithogenic soils (Altschuler 1973, Tatur and Myrcha
in press). :

The concentration of mineral phosphorus in waters close to the rookery
can be regarded, according to Stumm and Morgan (1970) as a saturated
or, even, oversaturated solution; this is probably caused by chelating influence
of soluble organic matter. In the soil surface layer, the chemical composition
of water tends towards a physical and chemical balance, with precipitates
of MG-NH, — and Ca — phosphates in neutral or alkaline reaction (higher
solubility of mineral phosphorus). But in the deeper soil layers the balance
is settled, with K-Al —and Al — phosphates in acid reaction (lower
solubility of mineral phosphorus) (Tatur and Myrcha in press).
Influence of the meteorological conditions (rate and intensity of rainfall).

The selected data, presented in Table IV, V and VI, comprise the maximal
recorded variation in chemical composition of the waters assayed. Apart
from the effect of dilution during the prolonged flow, chemical composition
of water running down from the rookeries depended mainly upon meteorological
conditions that had determined whether the water was flowing on the soil surface,
or percolating through the soil. Surface run-off follows a high rainfall,
but usually does not follow the melting of snow cover.

Surface water washes down guano from the penguin rookeries. During
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it way downslope, the guano suspension can be deposited among ston?s
on the slope, or sedimented in the shallow pools on the beach. Because
of sedimentation of suspension and rapid mineralization of guano (Pietr,
Tatur and Myrcha 1983), nutrient in water were recorded mainly in mineral
form, although a stormy rainfall and short transport could carry a great part of
nutrients (especially phosphorus) in the undecomposed organic suspension
(Table IV). '
Table IV
|

Changes in chemical composition of waters running off on the surface of the soil frpm
penguin rookery during period of heavy rain (mg/l)

Points of Suspension Mineral forms
water . » A .

sampling pH uS

(according Carg Norg Porg N/N HS N/N 03 N/N 02 Pvrm

to Fig. 1)
1 4800 1300 1490 7000 0.05 0.06 300 74 |
2 1120 165 186 365 0.04 005 100 7.4 2820
5 374 102 115 170 0.05 0.18 38 74 686,
6 209 58 65 90 0.06 0.02 25 74 366

Surface waters had a higher level of nutrients than waters percolated
through the soil (Table IV, V and VI); their chemical composition was also
essentially different. Mineral forms of nitrogen occurred almost exclusively as
ammonia ions, thus resulting in neutral or alkaline reactions of these waters.
An excess of ammonia in the soil surface layer inhibited the nitriﬁcatidn
processes (Ganning and Wulff 1969), thus the nitrates were recorded
only at the trace level.

The chemical composition of water running from the catchment basins,
where the penguin rookeries were situated, changed immediately when
the rainfall stopped. Organic suspension remained on the surface of the soil.
The waters percolating through the weathered cover carried on nitrogen and
phosphorus almost exclusivly in the mineral forms, and carbon as soluble
organic compounds (Table IV, V and VI). The proportions of mineral

Table V

Changes in chemical composition (mg/l) of water running off from the penguin rookery
during dry period (wet surface of the soil on the rookery)

Points of water

sampling (according N/NH; N/NO; N/NO, Poro  Clissol. pH uS
to Fig. 1)
2 222 59 1.66 40 22 7.3 1280
3 88 56 0.2 37 9.3 5.1 855
4 7 36 0.05 9 3 4.0
5 8 16 0.06 5 3 4.0 324
6 23 15 0.38 4 3 6.3 324
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Table VI

Changes in chemical composition (mg/l) of water running off from the penguin rookery
during extremely dry period (dry surface of the soil on the rookery)

Points of water

sampling (according N/NH; N/NO; N/NO, | Clissolv pH uS
to Fig. 1)
3 88 59 0.06 25 3.0 4.2 1090
4 4 22 0.0 2.0 3.1 4.0
5 4 43 0.0 6.1 3.0 4.0 320
6 24 9 0.1 8.9 3.0 6.7 183

form of nitrogen were also different. In effect of nitrification, thanks to
ammonia readily sorbed by the soil, there appeared gradually a higher
level of nitrates, easily soluble and unsorbed by the soil (Table V and VI,
pts. 2, 3 and 4). The nitrification could only proceed in the deeper layer of
the ornithogenic soils, where the richest population of nitrifying bacteria
exists (Pietr, unpublished data). Decrease in ammonia concentration in
percolated water was also supported by its enhanced volatilization into
the atmosphere, resulting from the longer route. The highest value of the
NO,/NH; ratio was recorded during the dry period at the minimal rate of
water flow (Table VI, pt. 5). However, a significant amount of nitrites was
recorded only in the zone, where a still high level of ammonia had inhibited
the second stage of nitrification (Table V, pt. 2).

Elimination of ammonia and production of nitrate was probably the
main factors causing strongly acid reaction of water (Table V and VI,
pts. 3, 4, 5). Higher level of the Al ion was recorded in strongly acid
waters, due to intensified aggressivity of acid solutions in contact with
‘easily altered silicate and aluminium-silicate of the soil. Neutralization of
acid waters could take place during its run through shallow pools. Ammonia,
the cause of an increase in pH in the pools, was produced as an effect
of mineralization of the organic suspension, previously sedimented there
during the high rainfall. The proportion of NH; and NO; could be also
enhanced by the biological binding of nitrates (Ganning and Wulff
1969, Grobbelaar 1974, 1978b).

During heavy rainfalls, the chemical composition of the surface waters
running off from the penguin rookeries varied widely. During dry periods,
when water was only infiltrating through the soil, its chemical composition
(pts. 5 and 6 in Fig. 1) is almost constant. Standard deviation of NH,,
NO; and P concentrations in these waters does not exceed +60", during
the entire summer.

Seasonal variations in the level of nutrients in water.

Limited sampling has not confirmed any relationship between the level
of nutrients in run off waters from bird rookeries and the seasonal
variation in intensity of bird manuring, though this fact has been men-
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tioned in literature. That this relationship does probably exist, could be

supposedly concluded from the paper by Ganning and Wulff (1969),
but it has not been revealed under the conditions investigated. It is
evident from the results reported in other paper (Tatur and Myrcha in
press), that the return of matter that had been brought from sea to land in the
penguin food, is delayed and does not close in annual cycle. Therefore
it is likely, that the level of nutrients in water (Fig. 1, pts. 5 and 6)
running down from rookeries, left by the penguins a month ago, was
found to be almost the same as that during the maximal bird manur-
ing.

In the area under investigation, plants have played a negligible role in the
direct binding of nutrients from the biotically enriched waters. The penguin
nesting site is often badly trampled, covered with liquid guano and devoid
of plants. Nutrient-enriched water only occasionally penetrates large moss
carpet on the periphery of rookeries (Thomas Pt., Llano Pt.). However,
the process of accumulation ‘of nutrients in the ornithogenic soils (Tatur
and Myrcha in press) and volatilization of ammonia into atmosphere
(Pietr, Tatur and Myrcha 1983), can play an important role in their
elimination from water.

Influence of localization of penguin rookeries.

Present results may give some information elucidating the relation between
the localization of penguin rookeries and the chemical composition of the
waters reaching the sea.

In case of rookeries occupying hard rocks close to the sea (a typical
nesting site of the Antarctic penguins), the route of water running down
is the shortest, and the return of nutrients to the sea — the quickest.
During a heavy rainfall, almost the whole guano deposit may be washed
down. The waters reaching the sea are very concentrated and of chemical
composition essentially typical for surface wash out (pH>7.4; NH,> NO;;
high level of organic suspension).

Chemical composition of waters running down to the sea from the
Antarctic penguin rookeries on Chabrier Rock, Shag Pt., Fur Seal Pt. may
be compared with that of waters analysed in pts. 1 and 2 from Llano Pt.,
and those from Demay Pt. and Patelnia with waters in pts. 1, 2, 3 and 4
(Fig. 1, Table IV, V and VI).

When the nesting sites are distant from the sea and the way of the
waters running down from rookery is longer and more complicated during
percolation through permeable soils (such is a typical nesting place of the
Adelie penguins), they reach the sea with & delay and are more diluted.
The return of the nutrients to the sea is less complete because of the
accumulation of phosphates in ornithogenic soils and raised ammonia
volatilization into the atmosphere during such a longer route.

Except for short periods of surface flow during a heavy rainfall, waters
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continuously reach the sea after having percolated through ornithogenic soils
(pH<7.4; NH,<NOsj; lack of organic suspension). Chemical composition
of waters running down to the sea from Adelie penguin rookeries on Llano
Pt. may be compared with that of waters analysed under pts. 5 and 6,
and those on Thomas Pt. — with waters from pts. 2, 3, 4, 5 and 6 (Fig. 1,
Table IV, V and VI).

4. Pe3rome

HccnenoBanus Benuch B Iepuoj aHTapkTuueckoro jeta 1979/1980 B paione 3anuBa
AnMupanTH, Ha TEpPPUTOPHUHM THE3/IOBbIX KOJIOHMH NUHIBHHOB poxaa Pygoscelis.

HccnenoBanns nokasaju, YTO XMMHYECKHH COCTAB BOJ, CTEKAIOLIMX C MECT THE3OBAHHUS
MHHTBUHOB PE3KO OTJHMYAETCS OT COCTaBa BOJ THUMHMYECKMX NMOTOKOB Ha ocTpoBe Kunr JIxopmx
(tabmmsr 1 u 1I). '

B 3aBHCMMOCTH OT BEJMYMHBI U TEMMNa OCaJAKOB HabiaromaroTcs 2 pa3Hble JIOPOTM CTOKa
BOJ C TEPPHTOPHH T'HE3IOBBIX KONOHUi (puc. 1). Tpu’ OGHIBHBIX ¥ MHTEHCHBHBIX TOXIAX BOIbI
CTEKAaIOT M0 MOBEPXHOCTH TPYHTA, TOTJA KaK NPH CKYMBIX OCANAKaX MM B IEPHOABI MEXIY
ocaJkaMi BOJIbl MPOHUKAIOT CKBO3b MOYBY M JPECBBI. Bozbl, Tekylue NO MOBEPXHOCTH I'PYHTA,
XapaKkTEPU3YIOTCS HECKOJIbKO pa3 BBICLIEH KOHIIEHTpalUed HyTPUEHTOB, NPU YEM HMX 3HAYHUTEb-
Hasl 4acTb, OCOOCHHO BOJIM3M KOJIOHMH, MOXET COAEPXKATHCS B €ILE HE PA3JIOKEHHOH OpraHu-
4yeckoi B3BecH. EnuHCTBeHHOW BaxHOW (opMoit a3ora sBiseTcs a30T aMOHuMiHbIA, a pH
3TUX BOA Bbile uyeM 7.4 (Tabnuua IV). Boabl, NMPOHHKHYBIIME CKBO3b IOYBY M JIPECBBI,
oennee HyTpueHTaMu. OHM HE CONEpXAaT OPraHUYECKOH B3BECH, a XKEITOKOPHYHEBYIO OKPAaCKy
NPUAAOT MPO3pPavyHbIM pPacTBOpaM pacTBOPHMbIE OpPraHHYECKHE COeAMHEHHs. MHHepaabHbIH
a30T BBICTYNMAET TJABHBIM 00pa3oM B (OpMe HHUTPATOB, a peakuus BOI CHIbHO kucias (pH
oK. 4.5). DTu BOABI MOI'YT CTaTh HEHTpAJIbHBIMU TOCJE MPOTOKA HYEpPE3 MEJKUE BOJOEMBI,
BO3HHMKAIOIME YaCTO Ha KAMEHMCTHIX Misbkax (Tabymust V u VI).

Pa3Hblii TeMI BO3pAILEHHUS B MOPE HYTPUEHTOB, BBIHECEHHBIX C NHILEH NMHTBUHAMHM Ha
cyuly, 3aBUCMT B 3HAYMTEIbHOW CTENEHH OT DPACHOJIOKEHHS T[HE3JOBBIX KOJIOHMI NHHTBHHOB,
a 3TO CBS3aHO B CBOK O4Yepeldb C TUINUYHOW [UIS OTIEHbHBIX BUIOB CEJIEKTHBHOCTBIO IO
OTHOLIEHHIO K MECTaM TIHE3[0BAHHUS.

C KO0JIOHHH, pACIOJIOKEHHBIX HAa NPHUOPEXKHBIX CKajllaXx B HEMOCPEICTBEHHOM COCEICTBE
Mopsi (TUIMYHBIE MECTa THE3/10BAHUS AHTAPKTHYECKUX ITHHTBUHOB) CTOK MEPTBOM OpraHHYeCKON
MaTEpHH M MPOJYKTOB €€ pa3JIOKEHUs! SBIsIETCs Hailbojiee MHTEHCUBHBIM M NIPU TOM HaiiGosee
KPAaTKOBPEMEHHBIM, MPOIOJDKAIOIIMMCS NPAaKTUYECKH TOJIKO BO Bpems aoxad. Iloutu Bee
IKCKPEMEHTBI MOTYT cTeyb B Mope. JlocTuraromue npuOpPEeXHOH 30HbI PAacTBOPbI CHJIb-
HO KOHUEHTPHUPOBAHBbI; OHM MPOUCXOAAT TJABHBIM 0Opa3oM C TNOBEPXHOCTHBIX CTOKOB
(pH > 7.4, NH, > NO, 3HaunTelbHOE COAEPXKAHUE OPraHMYecKod B3Becu). B ciyyae korma
Jopora BOJ, CTEKAIOIIUX C pafiOHOB KOJIOHWH [TMHHEE M CJIOXKHEE, a TaKXe KOraa Mecra
THE3/I0BAHMS DACTIOJIOKEHbI /ajlee OT MOpPCKOro Oepera (THIHYHAs JIOKAa/M3alHs KOJIOHHI
NMHTBMHOB AJleJM), TOTAa B NPUOpEXHbIE BOIBI MONagatoT Oosiee pa3BEAEHHBIE PAaCTBODHI.
Bpemsi cTOka Torga 3Ha4YUTEILHO JOJIbILE.

Hapsay ¢ BOJIbHAMHA [OBEPXHOCTHOTO CTOKA, BHICTYNAIOIIMMH BO BPeMs GOJIbIIMX OCA/KOB,
CYLIECTBYET HA MCCIEAYEeMOH TEPPUTOPHH NOCTH OECpEpPBIBHOE, XOTs MEHEE HMHTEHCHBHOC
TIONIOJTHEHHE NPUBPEXHOM 30HBI 3aJIMBA BOAAMH, IPOMCXOAALIMMH IJIaBHBIM 06pa3oM ¢ HHHUIIL-
Tpauuu ckBo3b mouBy (pH < 7.4, NH, < NO,, oTcyTcTBHE OpraHuyeckodl B3BecH). B aTom
ciaydae 3HaYMTeNbHas 4acTh (ochopa, comepxkallerocs B IKCKPEMEHTAX MUHIBUHOB MOXET
ocTaThea Ha cymie (pochaTamms), a TakxKe GOJIbIIE AMMHAKA MOXET YJIETYyYHThCS B aTMOCOEDPY.



Changes in chemical composition of waters 123

5. Streszczenie

Badania prowadzono podczas lata antarktycznego 1979/1980 w rejonie Zatoki Admiralicji,
na terenie kolonii legowych pingwindéw z rodzaju Pygoscelis.

Stwierdzono, ze sklad chemiczny wod splywajacych z obszarow legowych rdézni sie
zasadniczo od skladu chemicznego wod typowych strumieni wyspy Krola Jerzego (tabele I i II).

W zaleznosci od wielkosci i tempa opadow istnieja dwie rozne drogi sptywu wod
z terenéw kolonii lggowych pingwinéw (rys. 1). Przy wysokich i intensywnych opadach
deszczu wody splywaja po powierzchni gruntu, natomiast przy niskich opadach, lub w okresach
pomiedzy opadami, wody infiltruja przez gleby i zwietrzeliny. Wody ptynace po powierzchni
gruntu posiadaja kilkakrotnie wyzsze koncentracje nutrientdéw, przy czym znaczna ich czesc,
zwlaszcza w poblizu kolonii, moze by¢ zawarta w nieroziozonej jeszcze zawiesinie organicznej.
Jedyna wazna forma azotu mineralnego jest azot amonowy, a pH tych wod jest wyzsze od 7.4
(tabela IV). Wody po infiltracji przez zwietrzeling i gleby sa znacznie ubozsze w nutrienty.
Nie zawieraja one zawiesiny organicznej, a zOitobrazowa barwe roztworom klarownym nadaja
rozpuszczalne zwiazki organiczne. Azot mineralny wystepuje glownie w formie azotanowej,
a odczyn wod jest silnie kwasny (pH okoto 4.5). Wody te moga zosta¢ zneutralizowane
w czasie przeplywu przez plytkie zbiorniki wodne tworzace si¢ czgsto na kamienistych plazach
za wyniesionymi walami burzowymi (tabele V i VI).

Zroznicowane tempo powrotu do morza nutrientow wyniesionych przez pingwiny na lad
wraz z pokarmem uzaleznione jest w istotny sposob od lokalizacji kolonii lggowych pingwinow.
Fakt ten w znacznym stopniu wiaze si¢ z charakterystyczna dla poszczegélnych gatunkow
wybiorczoscia srodowisk lggowych.

Z terendéw kolonii zlokalizowanych na przybrzeznych skalach w bezposrednim sasiedztwie
morza (typowe miejsce gniazdowania pingwinow antarktycznych) splyw martwej materii
organicznej i produktow jej rozkladu jest najintensywniejszy i trwa najkrocej, bo praktycznie
tylko w czasie trwania deszczu. Prawie wszystkie odchody moga zosta¢ zmyte do morza.
Docierajace do strefy przybrzeznej roztwory sa silnie stgzone i pochodza gtownie ze splywow
powierzchniowych (pH > 7.4, NH, > NO;, znaczny udzial zawiesiny organicznej). W przypadku,
gdy droga wod splywajacych z terenu kolonii jest diuzsza i bardziej skomplikowana oraz
gdy miejsca legowe potozone sa dalej od brzegu morskiego (najczestsze usytuowanie kolonii
pingwinéw Adeli) do wod przybrzeznych zatoki docieraja znacznie bardziej rozcieficzone
roztwory. Czas trwania splywu jest wtedy znacznie diuzszy.

Obok fal sptywu powierzchniowego wystepujacych w czasie trwania wigkszych opadow,
istnieje w badanym terenie prawie ciagle, lecz mniej intensywne zasilanie strefy przybrzeinej
zatoki wodami pochodzacymi glownie z infiltracji przez gleby (pH <7.4, NH, <NO;, brak
organicznej zawiesiny). W tym przypadku znaczniejsza czeg$¢ fosforu pochodzacego z mine-
ralizacji materii organicznej zawartej w fekaliach pingwinéw moze zosta¢ zatrzymana na ladzie
(fosfatacja), a takze wigcej amoniaku moze ulotni¢ si¢ do atmosfery.
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