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Light conditions in the Antarctic waters
of the Drake Passage and the South
Shetland Islands region during sum-

mer 1981%)

ABSTRACT: Optical studies were carried out in waters of the Drake Passage
and the South Shetland Islands region from February 14 to March 12, 1981. The total
energy of solar radiation reaching the sea surface was continuously recorded over
daytime hours. Spectral and energetic characteristics of natural light field in the sea
were determined basing on underwater measurements of downwelling irradiance attenuation.
The thickness of the euphotic zone and other characteristic optical depths were also
evaluated. The investigated waters were conventionally classified into three groups of
different - optical water types as follows: a) Clear oceanic water, b) Oceanic water
of intermediate type and water affected by coastal water, c¢) Coastal water and water
with high biological productivity. The clearest waters were found in the Drake Passage
where the average thickness of the euphotic zone was about 100 m. The turbid waters of
coastal types were encountered in some areas around the South Shetland Islands. The
relatively thin euphotic zone of about 30 m was observed in waters with high biological
productivity west of Elephant Island and southwest of Anvers Island.
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1. Introduction

The paper presents the results of hydrooptical investigations carried out
on board of the r/v “Profesor Siedlecki” during the “FIBEX” between February
14th and March 12th, 1981. The optical measurements were made simultaneously

*) FIBEX-1981 (First International Biological Experiment) — the first stage of an interna-
tional programme “BIOMASS’ the aim of which is the estimation of krill biomass in waters
around the Antarctic continent.

The Polish expedition on r/v “Profesor Siedlecki” was sponsored by Polish Academy
of Sciences, Institute of Ecology, and was managed by Dr. Stanislaw Rakusa-Suszczewski.
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Fig. 1. The locations of oceanographic stations where underwater optical measurements
were made

with other biological and oceanographic studies in waters o‘ the investigated
Antarctic region (Rakusa-Suszczewski 1982). The locations of the stations
where the underwater optical measurements were made are shown in Fig. 1.

The paper contains also description of the research methods and analysis
of basic optical quantities characterizing the natural light field in the sea.

The main aim of optical investigations was a determination of light con-
ditions in the sea during hydroacoustic observations of krill occurrence
and other biological studies. For this purpose, continuous actinometric measu-
rements of the total energy of solar radiation reaching the sea surface
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over the whole period of the experiment were made. Underwater spectral
measurements of attenuation of downwelling irradiance with the increasing
depth were made once a day at noon. The light conditions in the sea were
determined basing on experimental data and numerical calculations according
to specially prepared programmes.’)

2. Material and methods

2.1. Measurements

The following optical quantities were measured directly:

— Total energy of solar radiation reaching the sea surface (downwelling
irradiance E).?) This was practically achieved by a pyranometer of uniform
spectral sensitivity from 300 nm to 2800 nm calibrated in absolute units.
The energy E, was recorded continuously over all daytime hours from
sunrise to sunset. The signal from the pyranometer was integrated over each
10-minute period and these totals were recorded on a digital counter.
This time — integrating technique of radiation measurements was described
by Dera et al. (1972).

—— Underwater downwelling irradiance E, (4, z) in relative units at various
depths (z) in the sea, namely 0, 10, 20, 30, 50, 75, 100 meters (sometimes
additionally 125 m). The E, (4, z) values were measured at the following
eight light wavelengths (1) of the visible spectral range between 400 nm
and 700 nm: 400 nm, 425 nm, 465 nm, 525 nm, 535 nm, 580 nm, 620 nm
and 680 nm. This range practically covers the whole radiant energy spec-
trum which is active in photosynthesis of organic matter in the sea.

The measurements of irradiance E| (4, z) were made using an irradiance
meter constructed in the Institute of Oceanology, Polish Academy of Scien-
cies in Sopot. The irradiance meter is fitted with a flat Lambert collector,
a photomultiplier and a spectral attachment with eight interference filters
changed automatically. The signal from each channel of the spectrophoto-
meter was integrated over 10 or 50 seconds and recorded on a digital
counter.

During the underwater measurements the time variations of external
irradiance at the sea surface were controlled at two light wavelengths,
viz. 425 nm and 525 nm. For this purpose two irradiance meters appropriately
installed on board the vessell were used.

2.2. Analysis and calculations

Basing on experimental data, the optical values were determined using
the following procedures.

') All the numerical calculations were made on board of the r/v “Profesor Siedlecki”
using an ELLIOT-905 computer.

%) Definitions of all optical quantities mentioned in this paper are given in the mono-
graphs by Dera (1971) and Jerlov (1968)
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The values of total irradiance at the sea surface E; (see Table I, Chapter 3)
were averaged over each 30-minute period during daytime. For instance,
the E; value at 1200 ZT denotes the average one between 1145 ZT and
1215 ZT.

The daily dose of the total energy reaching the sea surface n, (see
Table I, Chapter 3) is defined by:

t2 .
n,= | Egdt- 1)
t

where t; is approximately the time of sunrise and ¢, is that of sunset.
The integration was realized automatically by measuring system of irradiance
E,.

The attenuation coefficients of downwelling irradiance K| (4, z) were deter-
mined basing on the underwater measurements of relative irradiance. The
values of underwater irradiance were at first related to the variable incident
irradiance measured above the sea surface and appropriately corrected. The

Table IL

Spectral distributions of the attenuation coefficient of downwelling irradiance
K| (4) [m™'] in the euphotic zone in the sea.*)

Station Dat Wavelength of light [nm]
ate
No . 400 425 465 525 535 580 620 680,

1 14 Feb. 81 0.064 0.056 0.047 0.075 0.083 0.162 0.481 0.652
4 15 Feb. 81 0.076 0.067 0.054 0.082 0.095 0.176 0.310 0.611
8 16 Feb. 81 0.166 0.145 0.115 0.105 0.105 0.162 0270 0.605
14 17 Feb. 81 0.298 0.243 0.230 0.158 0.172 0.215 0.328 0.689
17 18 Feb. 81 0.122 0.111 0.098 0.100 0.103 0.172 0.268 0.599
22 19 Feb. 81 0.073 0.065 0.050 0.074 0.078 0.149 0.336 0.595
27 20 Feb. 81 0.116 0.105 0.077 0.079 0.080 0.141 0.308 0.608
32 21 Feb. 81 0.168 0.167 0.156 0.130 0.128 0.179 0.356 0.616 °
36 22 Feb. 81 0056 0.049 0.040 0059 0.069 0.139 0250 0.568
40 23 Feb. 81 0.175 0.160 0.126 0.121 0.123 0.177 0.330 0.602
46 24 Feb. 81 0.240 0227 0.199 0.153 0.153 0.201 0.334 0.745
49 25 Feb. 81 0.102 0.092 0.072 0.078 0.084 0.168 0.329 0.623
55 26 Feb. 81 0.100 0.093 0.063 0.078 0.082 0.138 0.304 0.661
60 27 Feb. 81 0.062 0.055 0.044 0065 0072 0.131 0287 0.594

65 28 Feb. 81 0.231 0.220 0.190 0.152 0.148 0.195 0.338 0.608
68 4 Mar. 81 0.310 0.300 0.248 0.175 0.171 0.202 0.347 0.673
43 5 Mar. 81 0.091 0.076 0.051 0.070 0.075 0.135 0.290 0.577
81 6 Mar. 81 0.139 0.121 0.094 0.072 0.084 0.134 0.286 0.707
87 7 Mar. 81 0.184 0.168 0.118 0.127 0.130 0.211 0.389 0.653
88 8 Mar. 81 0.153 0.139 0.106 0.109 0.113 0.142 0.316 0.716
90 9 Mar. 81 0.088 0.079 0.057 0.079 0.086 0.153 0.311 0.577

97 10 Mar. 81 0.174 0.165 0.141 0.124 0.130 0.184 0.318 0.757
104 11 Mar. 81 0.183 0.179 0.151 0.134 0.145 0.202 0.350 0.684
108 12 Mar. 81 0.142 0.122 0.094 0.098 0.101 0.164 <0.292 0.583

*) The K (1) coefficients are given as mean values in the oceanic upper layer which is approximately
equal to the euphotic zone.



Total energy of solar radiation at the sea surface

Table .

Downwelling irradiance at the sea surface E, [mW-cm 2]

Date 14Feb. 15Feb. 16Feb. 17Feb. 18Feb. 19 Feb. 20Feb. 21Feb. 22Feb. 23Feb. 24Feb. 25Feb. 26Feb. 27Feb. 28Feb. 4Mar. SMar. 6Mar. 7Mar. 8Mar. 9Mar. 10Mar. 11 Mar. 12 Mar.
Zone Time 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981 1981
0430 — — 0.1541 0.2891 — — — —_ — — — — — — — — — — s - —_ cos s -
0500 04695 0.1771  0.8316 0.6075 0.0563 0.5789  0.0579 — 0.1663  0.8984  0.4066 — ‘112983 05816 10119  0.5766 — — — - — — — —
0530 20280 05363 22631  1.7097 0.5929 10045 10045 02933 07711 3.0459 35114 0.7669 39475 24421 20400 34173 — 0.2467  0.2337 - 03922 02620 00473 00407
0600 3.1964 0.8806 4.5255 28476 10880 3.0684 29123 08240 36611 4.6942 6.1569 62068 53321 41656 19613 9.7146  0.5088  1.1022 1.1014 01375 1.8362 22738 12478  0.5606
0630 54507 1.5751 80589 47039 19958 82009 3.1113  1.5674 2.8218 65191 57177 80074  6.5635 9.3792 29050 158825 14009 32042 31939 04366 39959 69371 32913 34262
0700 6.3704 53790 274839  6.0607 2.5736 139890 57071 28161  7.0617 11.6949  9.1899 10.8712 79980 242738  7.8700 23.7451 23383 62615 6.8945 14458 11.8914 64126 6.5959 7.0054
0730 77435 49317 11.6838  6.9848  3.8459 226210 82405 39045 104001 252521 14.8855 23.0415 13.1845 26.6093 12.5989 33.8018 42698 83379  9.3559 4.5597 20.1714  8.1237 88972 12.1220
0800 109282 36993 31.8578  7.2811 50226 303151 51.5768  6.0989 134910 347028 16.5494 26.7382 17.8859 294967 119686 17.0468 50040  6.5019 222929  6.6385 153607 53515 124140 14.0849
0830 181895 34573 31.5766  8.6961 50354 52.1480 27.9416 10.7783 185991 409117 17.1951 46.5248 259473 424972 22.0266 158958 6.3612 14.8083 386038  6.2022 186101 102123 16.1744 21.8270
0900 20.7331 5.8817 77.7108 10.7652 72672 71.3161 65.6777 120876 164493 37.2320 123215 51.7385 43.6128 51.9025 29.2303 272060 182428 142358 31.3356° 7.3868 13.6274 219038 162990 36.7406
0930 322823  7.0475 350754 11.5829  6.1331 763697 30.2063 17.5638 19.0179 504878 129584 44.4632 46.1030 549698 287564 230139 19.3647 119318 386081 65204 186402 384959 159008 45.1553
1000 37.7241  6.5019 59.8769 246017  9.7607 759635 259953 257088 253517 59.3394 20.0268 59.4852 56.1077 56.6429 39.9909 244059 25.8231 11.5768 451555 7.3758 204760 37.5670 28.6699 50.2158
1030 344910 99175 287300 203265 157442 527774 11.7859 47.2768 26.1579 59.0652 239713 51.8748 383171 654563 456789 24.2955 253172 19.1295 494851 79323 336591 398298 26.3324 55.8196
1100 44.5170  6.7114 423318 17.3667 22.7120 24.3623 10.4834 288372 46.5158 684033 17.6032 57.9426 33.8774 64.2921 53.5839 33.1711 12.6464 31.5419 67.5002 7.1996 29.0553 353413 28.8944 56.2209
1130 443087  7.5455 456339 14.5955 247770 219422 - 9.8607 26.6299 38.8271 66.8553 184974 57.1609 29.2831 53.9464 57.9244 319348 17.4222 256999 612402  7.6931 482128 435898 325430 42.4309
1200 499958 81594 64257 11.3481 23.1303 15.8558 124486 309448 37.8724 60.5209 20.7155 559031 249617 65.7336 574018 247972 203603 180331 275299 94184 438371 338560 27.7365 56.5191
1230 51.1786 10.8923 26.5503 129986 19.5852 16.5467  8.8308 21.0232 46.2925 224147 24.1608 62.0897 20.8110 653166 52.1854 21.8626 20.7810 17.6028 319703  9.1176 464960 132441 414216 59.3358
1300 382754 134852 272864 130879 20.4887 22.8231 7.1722 230861 36.5182 38.1682 27.8650 60.4566 22.5357 65.1233 49.7601 284182 19.6994 194603 41.1386 6.8144 497376 180676 22.3198 57.4353
1330 454952 89925 30.6682 12.8784 23.7868 26.0993  4.5650 213518 37.7607 34.1516 27.5938 524060 24.5101 60.1889 489872 256029 10.1131 21.1207 479312 48152 21.3051 43.1356 157927 46.6230
1400 50.6896 122314 39.5304 10.8307 22.1432 184348  4.6251 242162 39.1619 286617 267187 33.7235 20.7301 60.6288 464296 24.1039 11.8268 169586 41.8272 75360 227945 46.3554 144297 52.5630
1430 35.8217 17.6470 37.1214 10.9694 26.7322 18.1532 34602 140869 27.5755 329501 22.8104 31.3293 12.8750 58.7949 38.1375 243785 12.0869 12.0644 89617 96352 347079 390117 132604 46.4709
1500 414981 127519 452119 '10.6607 31.1332 18.0027 2.1168 16.8353 17.5170. 24.1110 13.8477 32.6225 64120 48.0924 33.8909 198364 94438 89595  9.1062 142709 21.1081 39.4647 8.5449 426777
1530 30.2487 169056 23.6848 '12.0249 350105 15.1267 1.5361 9.6727 12.8073 18.6204 16.1489 44.2133 74206  34.6759 279998 144860 79000 9.8128 97824 11.2482 151204 37.0028 80556 37.7461
1600 286789 129254 114307 99141 487109 98006 33300 6.6982 23.8499 232537 136024 30.3911  8.8814 293576 23.5144 125202 89707 86940 128216 81748 62553 317585 80726 30.5352
1630 21.3733 97008 13.0661 8.3681 234418  9.5509 3.1334  4.5073 8.0684 29.6449 13.5997 279865 6.1264 283392 12.8456 10.2314  9.1156 60491 13.6722 7.3565  6.3004 257194 52590 23.1319
1700 153477 60710 10.6100 74140 18.1626 5.2693 3.5313 35111 80313 304297 114392 227365 11.1476 @S55718 10.8295 119196  6.7281 26078 45625 83138 87476 164063 24342 157003
1730 10.8064  6.3783  8.8389 57448 24.0526 49739 22771 23717 81522 215567 114039 149164 91228 84636 114602 86607 36961 15129 44608 54903 6.5419 64050 12844 10.1070
1800 11.7880 53575 72012 40845 27.8890 50998 13906 23470 49302 145551 86766 6.8410 7.0256  7.1898  3.5885 3.7303 09262 32582 1.5568 1.7989  1.5483 30144 04502  5.2942
1830 120636  4.0823 39776 3.0367 45261 32877 09387 15301 39410 112784 43422 25301 4.0453 45955 1.5355 1.7365 03165 0.6887 0.4923 08591 08552 0.8269 - 1.0125
1900 32302  3.1750 3.9494 1.8696 20.1778  0.7873 0.6346  0.5694 34434 49108 12929  0.9696 24843 1.1886  0.5627  0.0273 — e 0.1393 00062 00680 0.0157 — —
1930 42224 15778 19320 0.8544 13.0693 04540 04117 — 03271  1.1403 — 0.1274 03751  0.0818  0.0041 — — — — P - — - —
2000 0.5594 05549 12644 03260 1.0618 00139 00226 — — 0.0123 — — = — — — — — _— e — = -
2030 0.1028 0.1160 02080  0.0252 s — = = = == — = — — — = — == e = — — — —
Daily
dose 129510  467.89  1272.15 494.79 87422 115995 61141 660.85 98197 155787 76178 1663.34 93406 1872.00 132603 929.55 505.19 54252 113572 30309 93843 109905 65946 1491.69

N, [-em~?)
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attenuation coefficients K| (4,z,+z,) in a water layer between z; and z,
were obtained using the operational definition:
1 E (4,z,)

K @z 2) = 272y n E| (4, 2))

@)

where E|(4,z;) and E (4,z;) denote the downwelling irradiance at the
wavelength A at the depths z; and z,, respectively. Thus, the K| (4, z; +z,)
coefficient is the adequate value for describing the light transmittance in
the arbitrary water layer between the depth z; and z,. To represent the
whole euphotic zone, the K| (4) coefficients as mean values in appropriate
thick upper layer of the oean were determined (see Table II, Chapter 3).

The spectral downwelling irradiance E, (4, z) (see Table III, Chapter 3)
at seven different wavelengths in the visible spectral range at various
depths was calculated using the formula:

E (A4,2)=E (A, z=0)exp[—K| (4,0+2) 2] (3)

where E (A,z=0) is the downwelling irradiance at the wavelength 4
just under sea surface. The K| (4,0+z) values for the appropriate light
wavelength A4 were interpolated from discrete spectral measurements.

The spectral distribution of irradiance E (4,z =0) was derived by the
following way. At first, the total energy just under the sea surface was
determined by substracting the reflected and emergent radiation from the
incident radiation E,. The albedo of the sea surface for the total range
of solar spectrum at the sea surface was taken after Payne (1972). The
sun altitude and the atmospheric transmittance were used as parameters
versus which the albedo was expressed.

Just below the sea surface the energy of visible light E{” (z = 0) was assumed
as equal to 509, of the total energy (Czyszek, Wens1erski and Dera
1979, Rusin 1979). Such coefficient of transition from total radiation to
photosynthetically active radiation is often used in biological studies. Basing
on the experimental data obtained under marine conditions the 509, value
is very close to average one though it may change from bout 30% to
over 609 in extreme cases (Rutkovskaja 1972). Moreover, since the cloud
coverage is usually considerable in investigated Antarctic region such assump-
tion is the more motivated. It results from the fact that under cloudy
weather the mentioned value is slightly variable in the vicinity of 509
(Rutkovskaja and Pelevin 1975).

Using the E,"* (z = 0) values the spectral distribution E| (4, z = 0) was estimated
according to theoretical model elaborated by Wensierski (private communica-
tion). Here, the sun altitude was used as the parameter by which the
spectral distribution E, (4, z = 0) was expressed. The E, (4, z = 0) values were
assumed for the moderate wind velocities and were averaged over atmosphere

turbidities represented by the horizontal v1snb111ty Such assumptions do not
introduce significant errors.



















































