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ABSTRACT: During austral summer 1978/1979 the content of dissolved oxygen,
phosphates, nitrates and nitrites was determined in the waters of Admiralty Bay. Environ-
mental conditions prevailing in Admiralty Bay are compared with the conditions in the
open Antarctic waters.
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1. Introduction

One of the most significant indicators of the state of water environment
is the degree of oxygenation and the content of nutrients in water. These
environmental factors show great variability in time and space.

The studies in the Scott Sea (Ar§anova 1974) indicate that the southern
part of the sea is richer in phosphates (2—2.2 pmole.1-!) than the northern
part (0.6—2.0 umole-1-!'). The content of nutritive substances in water is
subject to considerable seasonal changes. This includes also the content of
silicates in water.

The studies carried out during austral summer of 1978/1979 by Gre-
lowski and Pastuszak (1979) in the regions of South Georgia indicate
good conditions of water oxygenation in the shelf area. Phosphates, nitrates
and silicates concentrations were in the range of 1.7—2.3 umole-I-! (these

*) This work was supported by grants the Third Antarctic Expedition of the Polish
Academy of Sciences to Arctowski Station 1978—1979, headed by Dr S. Rakusa-Suszczewski,
Project MR.II.16.
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Fig. 1. Sampling stations in Admiralty Bay

values approximate those obtained in the Scott Sea by ArSanova 1974),
18—29 pmole.I-! and 33—53 pmole-1-!, respectively.

The studies on the content of nutrients in the waters of Admiralty Bay
carried out in the summer season 1977/1978 (Dera 1979) indicate that high
concentrations of nutrients, typical for the Antarctic waters southwards of the
Convergence Zone, remain at the same level, except some inconsiderable
fluctuations, in time and space through out the period of investigations.

This is ascribed to good circulation of the waters between Admiralty Bay
and the open sea.
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The presented studies dealing with the degree of oxygenation of the waters
in Admiralty Bay and the content of nutrients (phosphates, nitrates and
nitrites) in water are a continuation of the studies carried out during the
Second Antarctic Expedition of the Polish Academy of Sciences in summer
1977/1978 (Dera 1979).

2. Methods

The investigations were conducted at 24 sampling stations located in the
area of Admiralty Bay (Fig. 1, Table I).

The water samples for analyses were collected with Nansen vessels from
the board of a motor-boat at the following depth levels: 0 m, 25m, 50 m,
100 m, 200 m, and at the bottom of the Bay. In very deep places the
water samples were collected not at the bottom but at the depth of 10 m,
or exceptionnall 20 m, above the bottom. This was conditioned by sudden
changes in the structure ol the bottom and driftage of the boat. The depth
of water was measured by means of a block gauge and a steel rope
weighted additionally with a 30 kg sounding lead.

Table I
Geographical co-ordinates and depths of the sampling stations in Admiralty Bay
Station Depth Geographical co-ordinates
No. (m) latitude longitude
1*) — 62°09'7"'S 58°28'4"W
2%) — 62°102" 58°30'8”
3%) — 62°10'1"” 58°27'9”
1B*) — 62°08'9” 58°28'3”
4 102 62°09'5" 58°27'8"
5 410 62°08'8" 58°26'0"
6 103 62°08'1" 58°24'3"
7 80— 90 62°09'3"” 58°29'5"
8 240 62°09'0" 58°29'8"
9 270 62°08'7" 58°30'0”
10 270 62°07'4” 58°26'4"
11 32 62°05'8" 58°26'7"
12 220 62°05'8" 58°22'7"
13 82—134 62°10'1"” 58°320”
14 70— 82 62°1072" 58°32'0"
15 102—113 62°09'7" 58°33'0”
16 55 62°10'7" 58°34'6"
17 : 81 62°09'9” 58°35'1”
18 62— 78 62°10'9” 58°36'7"
18A 14 62°112" 58°37'5"
19 480 62°09'8" 58°242"
20 500 62°11'7" 58°22'0"
19A — 62°10'5" 58°262"
19B - 62°09'S"” 58°20'4"

*) littoral stations
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Within the period of investigations from December 1978 to February 1979
14 one-day cruises were made during which 300 water samples were collected.
The determination of the content of phosphates, nitrates, nitrites and oxygen
was made in the laboratory ashore. The analyses were repeated three times.

The frequency of concentrations of the examined constituens of water
were determined in classes: oxygen — 0.2 ml and 29, phosphates — 0.2 pmole,
nitrates — 2 pmole and nitrites — 0.05 pmole. The water samples used for
determination of oxygen content was preserved directly after collection. The
determination of oxygen, phosphates, nitrates, and nitrites were made on the
day of sampling, after going ashore. Conventional analytical methods generally
accepted in oceanography were used (Grasshoff 1976). Absorbency was
measured in a UV-Vis, Beckman 26 spectrophotometer.

It was very characteristic that the concentration of oxygen at the bottom
of the water was higher in Ezcurra Inlet (7.09 mg O,-1-1) than in the other
parts of Admiralty Bay (5.89 mg O,-1-1).

3. Results and discussion

Oxygen content in the waters of Admiralty Bay ranged throughout the
austral summer of 1978/1979 from 9.40 ml.I-! at the water surface in the
littoral stations to 5.40 ml.1-! at the water bottom at the outlet of the
Bransfield Strait.

The oxygen concentrations at various depth levels approximated normal
values (Table II) except in the bottom zone, where two groups of values
were distinctly marked out (Fig. 2). Higher oxygen concentration averaging
7.09 ml-1-- occurred at the bottom of Ezcurra Inlet. In other parts of
Admiralty Bay oxygen concentrations were lower, averaging 5.89 ml.I-!.

Table 11

Statistical characteristic of frequencies of dissolved oxygen concentrations in the waters of
: Admiralty Bay

Depth Number of X Dx ox X Dx oX
(m) samples (ml O,-171) (% saturation)

0 125 7.76 7.70 0.36 99.1 97.6 4.67

25 50 7.52 7.62 0.23 949 96.5 2.56

50 47 7.23 7.15 0.34 922 91.2 323

100 25 7.11 7.13 0.25 89.0 91.0 321

200 21 6.55 6.54 0.19 822 82.8 2.85

Bottom 53 6.61 7.13 0.65 824 89.2 7.94

X — mean value,
Dx —modal value,
ox — Standard Deviation

The greatest variability of oxygen content occurs in the surface water
layer, at the depth of 50 m and in the bottom water layer (Fig. 2). Oxygen
concentrations at the water surface exceeding 8.2 ml-1-! occurred mainly
in the littoral sampling stations (Fig. 3), where very often water was saturated
with oxygen, especially in the periods of smaller waves and the warming
up of the waters. The variability of the oxygen content in the bottom
water layers is of a local character: the shallow Ezcurra Inlet has in the
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Fig. 2. Percentage frequencies of oxygen, phosphates and nitrates concentrations (%) at
various depth levels in Admiralty Bay
(X — mean values)

bottom water layers a greater quantity of oxygen than other deeper parts
of Admiralty Bay. This is apparent in the two-peak distribution of the
frequency of oxygen concentrations. The division of the data into two groups:
one regarding the area of Admiralty Bay, another — Ezcurra Inlet (Fig. 2)
gives distributions approximating the normal.
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Fig. 3. Oxygen content (ml-1-!) at the surface of Admiralty Bay (A) and in the depths
of waters along Bransfield Strait-Ezcurra Inlet line (B), January 1979

N

From the depth of 50 m downwards a decrease in oxygen content in
relation to the surface area was observed, caused probably by the decrease
in production in photosynthetic processes. The variability in time and space
expressed as the percentage of double standard deviation in respect of the
mean value (X+2ox) ranging from 9 to about 29%.

In the deep waters along the Bransfield Strait-Admiralty Bay line good
oxygen conditions prevail (Figs. 3 and 4). There is, however, a tangible
difference between the better insolated and therefore richer in oxygen southern
part and the northern part of the Bay (Figs. 3A and 4A).

The phosphates concentrations ranged from 1.4 pmole.l1-! at the water
surface at the outlet of Ezcurra Inlet up to 4.0 pmole-1-! at the water
surface in littoral stations, chiefly in the stations Nos. 3 nd 1B localized
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Fig. 4. Water saturation with oxygen (%) at the surface of Admiralty Bay (A) and in the
depths of waters along Bransfield-Strait-Admiralty Bay line (B), January 1979

in the neighbourhood of penquin colonies. The average concentrations at
various depth levels were fairly high (Table III) and did not decrease below
2.0 umole.I-1, except at the depth of 25 m, where probably the assimilation
is more intense. The distribution of the frequency of phosphates concentrations
approximates the normal one (Fig. 2), while the differences between the mean
and modal values do not exceed 0.15umole.l-!. The surface water layers
differ slightly from this pattern showing a rather wide range of variability,
Double standard deviation averages 389, of the mean value of concentrations
whereas at other depth levels it ranges from 279 (at the depth of 25m)
to 13% (at the depth of 100 m).
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Fig. 5. Phosphates content (umole-1-1) at the surface of Admiralty Bay (A) and in the
depths of waters along Bransfield Strait-Ezcurra Inlet line (B), January 1979

Distribution of phosphates at the surface of the waters (Fig. 5A) is
characterized by higher concentrations in some regions of the littoral zone,
especially in the vicinity of the run-offs from the penquin colonies (stations
Nos. 3 and 1B), as compared with other sampling stations. With an in-
creasing depth downwards a gradual increase in the phosphates content is
observed coming up to over 2.2 umole-I-! (Fig. SB).

During austral summer of 1978/1979 extreme concentrations of nitrates
ranged from 6.0 umole-1-1 at the depth of 25 m up to 32 umole-1-! at the
bottom, in the sampling stations localized at the outlet of Admiralty Bay
into Bransfield Strait. The lowest average values were noted at the depth
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of 25m, slightly higher at the water surface and markedly higher at the
bottom (Table III).

The distribution of the frequency of nitrates concentrations at various
depth levels approximate the normal one, except in the bottom water layers,
where much alike as in the case of oxygen concentrations local differences
were observed (Fig. 2). High concentrations of nitrates occurred as a rule
at the bottom, in the sampling stations located in deep places in the middle
of Admiralty Bay and at its outlet into Bransfield Strait. Much lower
concentrations were observed in the inner bays: Martel Inlet, Mackellar
Inlet and Ezcurra Inlet, except in the stations Nos. 18 and 18A located at
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Fig. 6. Nitrates content (umole-1-1) at the surface of Admiralty Bay (A) and in the depths
of waters along Bransfield Strait-Ezcurra Inlet line (B), January 1979
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the end of Ezcurra Inlet. This necessitated dividing the data collected at
the bottom into two groups (Fig. 2). The greatest differences between the
mean and modal values were noted at the depth of 25m (4 umole-I-1).
At this depth the values are very divergent. Double standard deviation
averages almost 85% of the mean concentration values. At other depth
levels the deviations range from about 309, at the depth of 200m up to
50—609, in the remaining water layers.

The highest concentrations of nitrates in the surface water layer were
noted at the oulet of Ezcurra Inlet. Much alike as in the case of phosphates
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Fig. 7. Nitrites content (umole.l-!) at the surface of Admiralty Bay (A) and in the depths
of waters along Bransfield Strait-Ezcurra Inlet line (B), January 1979
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concentration an increase in nitrates concentration is observed with the in-
creasing depth (Fig. 6B), along the Bransfield Strait-Ezcurra Inlet line.

Nitrites concentrations ranged from 0.01 umole-I-! at the bottom, at the
outlet of Bransfield Strait up to 0.90 umole-1-! in the surface water layers
in the littoral sampling stations (chiefly Nos. 3 and 1B). The average
concentrations at various depth levels ranged from 0.11 pmole.I-! at the
depth of 200 m up to 0.21 pmole.l-! in the surface water layer (Table III).
The greatest differences between the mean and modal values were noted in
the surface water layer (0.05 pmole-1-1). Double standard deviation averages
nearly 1629, of the mean value. At other depth levels the deviations were
within the range of 91—1439/.

The highest values of nitrates in the surface water layers are noted in
the stations in the vicinity of penguin colonies and at the end of Ezcurra
Inlet (Fig. 7A). The maximum content of nitrates (over 0.4 pmole.l-1) were
noted in the water layer at the depth of 75—125 m at the outlet of Admiralty
Bay into Bransfield Strait. The analogous zone in Ezcurra Inlet extends
from beneath the water surface to the depth of about 70 m deep (Fig. 7B).

The average molar ratio of the total nitrate and nitrite nitrogen to
phosphate phosphorus (Table III) ranged from 5.6 to 7.2 in the euphotic
zone. These values are lower than those noted in the regions of South
Georgia (Grelowski and Pastuszak 1979).

This results from lower values of nitrogen compounds in Admiralty Bay
than those in the shelf waters of South Georgia, whereas phosphorus remains
at the approximately same level of concentration. The lowest N:P values
occur at the depth of 25 m, where the demand for these elements is probably
the greatest.

From the depth of 25 m downards the values of the N:P ratio increase
and are higher as compared with those values obtained in the shelf area
of South Georgia region.

4. Summary

Concentrations of oxygen, phosphates, nitrates, and nitrites were examined in Amdiralty
Bay (King George Island, South Shetlands Islands) from December 1978 to February 1979.
Water samples for analyses were collected at 24 sampling stations (four of them in the
littoral zone) from the water surface to the bottom (Table I).

As results from the analyses the waters of Admiralty Bay are rich in oxygen and
phosphorus and nitrogen compounds (Tables II and III). The concentrations of the examined
compounds approximate those in the Antarctic open waters.

The frequencies of the concentrations of the analysed compounds are within a relatively
narrow range of values (Fig. 2). Higher values of phosphates concentrations were noted
in the littoral zone and deeper water layers as compared with those in the surface water
layers (Fig. 5). Nitrates concentrations also increase with the increasing depths (Fig. 6,
Table III). The highest values of nitrites were noted in the neighbourhood of penguin
colonies and at the end of Ezcurra Inlet (Fig. 7).
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5. Pe3rome

MccineqoBatus KOHUEHTPALUMHU KUCI0poaa, ¢ochaToB, HUITPATOB U HUTPUTOB B AIMHPAJIbTHI
Beit (Kunr dxopax WMcrnana, KOxupie LleTnanabl) npoBeaeHo B mepuod oT nekabps 1978 r.
no ¢espans 1979 roma. AHanu3 npoBedeHO Ha 24 cTaHuuAX (B TOM Ha 4 GeperoBbIX)
C NOBEPXHOCTH 10 AHa (Tabauua I).

M3 3tux uccrenoBaHuil BBITEKAeT, YTO BOJbI AaMupaibThl beit GoraTel KHUCIOPOIOM,
a Takxe ¢ochopHbiMu M a30THBIMH cojisMmu (Tabsuua II u III). KoHuenTpauus uccienosaH-
HBIX 3JIEMEHTOB Cpelbl NMpHOJM3UTENbHO TAKUE XKE KAK U KOHLEHTpALMS# KOHCTaTHPOBAaHHOE
B OTKPBITBIX AHTAPKTHYECKMX BOIAX.

[TocewaeMocTh CryuieHuil aHaAM3MPOBAHHBIX 3JEMEHTOB, COBMELLAETCS B OTHOCHLEIIBHO
y3kux npezgenax (puc. 2). KoHCTaTHpOBaHO MNOBBIIEHHE BEJIMYMHBI CryIIeHUH ¢ocdaToB
B NpUOpEeXHBIX 30HaX U B OoJyiee I1yOOKHX CJIOSX B CPaBHEHUH C NOBEPXHOCTHBIMH CJIOSIMH
Boabl (puc. 5). Takxe conepkaHHE HUTPATOB YBEJIMYHUBAIOTCH BMECTE C POCTOM TJIyOHHBI
(puc. 6, tabauua III). Camble Oonbluble BEJMYMHBI HUTPATOB 3aMEYEHO B OJIM3M MeCT
npoObIBaHMS MHUHIBMHOB B KOHLE ¢uopna ID3kyppa (puc. 7).

6. Streszczenie

Badania stgzenia tlenu, fosforanow, azotanéw i azotynow w Zatoce Admiralicji (Wyspa
Krola Jerzego, Potudniowe Szetlandy) prowadzono od grudnia 1978 do lutego 1979 roku.
Analizy prowadzono na 24 stanowiskach (w tym 4 brzegowych), od powierzchni do dna
(tabela I).

Z przeprowadzonych badan wynika, ze wody Zatoki Admiralicji sa bogate w tlen oraz
sole fosforowe i1 azotowe (tabela II i III). Stezenia badanych skladnikow srodowiskowych
sa zblizone do st¢zen stwierdzonych w otwartych wodach antarktycznych.

Frekwencja stezen analizowanych skladnikow miesci si¢ w stosunkowo waskich granicach
(rys. 2). Stwierdzono podwyzszone wartosci stezen fosforanow w strefach przybrzeznych i gleb-
szych warstwach wody w poréwnaniu z warstwami powierzchniowymi (rys. 5). Rowniez
stezenia azotanOw wzrastaja wraz ze wzrostem glebokosci (rys. 6, tabela III). Najwyzsze
wartosci azotynow stwierdzono w poblizu miejsc przebywania pingwinéw i w koncu fiordu
Ezcurra (rys. 7).
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