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PRIMARY PRODUCTION IN EZCURRA INLET DURING
THE ANTARCTIC SUMMER OF 1977/78*

The purpose of this study was to estimate primary production and the
concentration of phytoplankton biomass in Ezcurra Inlet and to charac-
terize the optical prerequisites for the process of photosynthesis in this
basin. The experiments were carried out during the Second Polish An-
tarctic Expedition on board the m.s. ,,Antoni Garnuszewski” anchored
at a fixed position in Ezcurra Inlet. The experiments included measure-
ments of primary production of the biomass of marine phytoplankton,
determination of the chlorophyll a concentration as an indicator of the
biomass of phytoplankton, as well as optical observation of insolation
of the basin and diffusion of radiant energy into the water body (the
last-named have been described in a preceding paper in this volume).
A total of 23 series of measurements of these parameters were run on
various days during the research period.

In this article, only the results of these measurements and a preli-
minary energetic assessment of the efficiency of photosynthesis and its
correlation with insolation of the sea surface, are presented.

The measurements of primary production per unit volume of sea
water, PAt(2), were run in situ at ten depths in the sea (2=1, 3, 5, 7, 10,
15, 20, 30, 40 and 50m) by the light-and-dark-bottle method using 14C car-
bon isotope [4, 7]. The samples were exposed for 2—5-hr time intervals,
At, at midday. The quantity of assimilated carbon during this period was
calculated from the Strickland — Parsons equation [8] utilizing, among
other things, the results of determinations of pH, alkalinity, salinity and
temperature of sea water, carried out simultaneously by Lauer and Bo-
janowski. A correction factor accounting for the isotope effect, equal to
1.05, was used throughout. Primary production calculated in this

* These studies were carried out under the research program MR Il 16 coordinated
by the Institute of Ecology of the Polish Academy of Sciences. They were spon-
sored in part under research program MR | 15 coordinated by the Institute of
Hydro-Engineering of the Polish Academy of Sciences.



manner refers to the At time intervals. The diurnal primary production
per unit volume, Ptf(z), determined from the PAt(z) values using the
light factor [1, 2];
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where: nd(2) is the diurnal solar energy dose within the visible light
band reaching depth 2;
w

NAL (2) is the solar energy dose within the visible light band rea-
ching depth 2 during the exposition of the samples, At.

The quantity of chlorophyll a, extracted from the plankton, which
had been filtered off the water sampled at various depths, was taken to
be the indicator of the biomass of phytoplankton. Extraction was carried
out with 90% aqueous acetone.

The concentration of chlorophyll was determined spectrophotomet-
rically using the Strickland — Parsons equation [8] for calculations.

The magnitudes of the diurnal primary production per unit volume
of sea water, expressed in weight units of assimilated carbon, as well as
the concentrations of chlorophyll a at various depths in the sea are listed
in Tables 1 and 2.

In Fig. 1A, exemplary, extremal and intermediate vertical distribu-
tions of the diurnal primary production, Pa (2), are shown. As seen, in
the majority of cases, distinct maxima of the vertical distribution of the
photosynthetic intensity, occurring at various depths within the 0—7 m
surface layer, can be distinguished. The maxima usually occurred at
a depth of 5 m. The vertical distribution of the intensity of photosynthe-
sis, averaged for all measurements, is shown in Fig. IB. The accumula-
tive contribution of particular layers to the total primary production in
a vertical water column, estimated on the basis of this distribution, is
illustrated by the following specification:

Layer.Az,[m] 01 0-3 0-5 0-7 0-10 0-15 0-20 0-30 0-40

% Tolall 88

. 35 17 30 A3 59 78 97 99
production

According to optical criteria, the boundary of the euphotic layer, is
that reached by 19 of light of the wavelength corresponding to the ma-
ximum transmission. In the case considered, the mean depth was approx.
25 m (cf. the preceding paper in this volume) thus corresponding, accor-



Table 1 Vertical distribution of the diurnal magnitudes of primary production,
Pa(z) in the sea

Tab. 1. Pionowe rozktady wielkosci catodziennych produkcji pierwotnych w morzu

— Pa(2

Date Pd(z) [mg C »m-3- d>]

Data im 3 5m 7m 10m 15 20 io 40 m 50 m

1 2 3 4 5 6 7 8 9 10 n
20.X11 295 327 358 366 352 286 170 642 150 0.26
29.XI1 154 346 419 243 982 441 083 009 00 00
21 224 158 175 171 157 117 454 115 084 017
51 141 362 425 229 937 357 047 009 00 0.0
151 830 124 138 131 121 993 838 3.28 067 0.21
171 170 393 452 434 361 209 106 225 052 0.18
191 321 402 473 430 291 138 741 100 0.09 00
211 556 663 688 629 424 242 106 210 072 051
271 90 984 952 884 669 354 205 714 248 0.25
30.1 527 502 445 368 230 128 566 131 0.67 0.0
2.11 771 849 847 756 539 278 125 345 0.89 0.16
4.11 434 437 381 328 228 137 69 034 006 00
71 204 320 383 401 400 234 109 381 ORD 032
1011 140 222 269 283 275 164 745 263 099 0.33
1211 186 220 240 251 241 210 121 363 093 0.33
14.1T 715 709 687 658 588 320 186 506 219 1.16
16.11 369 507 553 561 503 216 135 283 168 117
2111 314 347 360 354 318 160 801 167 043 0.13
2411 339 412 485 438 312 154 641 146 063 0.18
28.11 59.3 581 552 492 305 108 541 279 127 0.35
4.111 416 460 564 542 452 241 173 406 147 1.10
7.111 918 188 174 161 137 848 338 112 052 011
10.111 756 114 108 987 799 389 209 027 009 00

dins? to our results, to approx. 93% of the total primary production oc-
curing in the water body.

Numerical integration of the Pa(z) curves over the depth gives the
rhurnal total primary production in a water column under the unit area,
Pds, which in turn, gives a global description of the phctasynthetic pro-
cess in the water bedy. The value of the proidiucticm, Pd, iis listed in co-
lumn 2, Table 3. As seen, primary production of the Ezcurra Inlet water
body fluctuated substantially during the research period. In extreme
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Table 2. Vertical distribution of the concentrations of chlorophyll a, B, in the sea

Tab. 2. Pionowe rozktady koncentracji chlorofilu a w morzu — B

Date B [mg/m3
Data im 5m 10 m 15m 20 m 30m 40 m 50 m
1 2 3 4 5 6 7 8 9
20.X11 344 4.89 3.53 381 3.20 3.16 312 2.90
29.X11 1.33 121 150 1.38 1.16 1.09 1.01 1.20
21 1.01 121 112 111 1.02 0.89 0.76 0.79
51 0.43 1.27 0.78 0.86 0.69 0.73 0.49
141 0.65 0.60 0.59 6.57 0.62 021 0.42
151 0.54 0.56 . 0.52 0.56 0.56 0.54 051
17.1 0.67 1.29 1.29 1.29 122 0.92 0.76
191 1.40 142 1.04 1.33 0.95 121 1.35
21.1 141 155 141 142 1.42 1.07 101
27.1 0.82 1.03 1.25 0.96 1.09 0.92 0.67
30.1 1.05 1.07 101 0.97 0.93 0.70 0.33
2.11 1.37 1.66 115 1.01 0.77 0.69 0.52
4.11 134 1.39 1.35 147 1.37 118 0.97
7.11 1.46 1.39 1.34 147 1.37 1.18 0.97
10.11 112 112 1.18 123 121 117 112
12.11 1.05 1.03 1.03 1.07 1.03 1.02 0.80
14.11 1.06 1.09 113 113 1.06 1.16 0.79
16.11 142 148 161 161 1.48 157 1.17
21.11 1.28 1.27 1.16 133 1.36 112 0.90
24.11 1.38 1.49 154 153 1.25 1.07 0.65
28.11 164 1.60 1.64 1.68 1.63 154 123
4.111 1.37 154 155 1.35 1.36 131 0.80
7.111 0.48 0.55 0.56 0.59 0.56 0.59 0.61
10.11 0.67 0.64 0.66 0.71 0.66 0.77 0.74

cases the diurnal production differred approx. 10-fold, the absolute values
ranging from 150 to 1500 mg C/m2d. The mean value of the production

observed, Pds, amounted to 665 mg C/m2d with the standard deviation,
op, of 332 mg/m2d. The mean value indicates that the primary pro-
duction of Ezcurra Inlet is slightly higher than that of the open oceanic
waters in the South Shetlands region (compare, for instance, with the
data in [13]). It is, however, comparable with the productivity of the Bal-
tic waters during the summer (compare with the data in [5] and [6]).
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Fig. 1 Vertical distribution of diurnal primary production in the sea; A —
exemplary, extreme and intermediate productivity observed; B — averaged varia-
tion of all observations together with the interval cf standard deviations of the

observed magnitudes of primary production

Rvs. 1 Pionowe rozkiady catodziennych produkcji pierwotnych w morzu: A —
przyktadowe, skrajne i posrednie z obserwowanych, B — przebieg usredniony
z wszystkich obserwacji wraz z przedziatem odchyleA standardowych notowanych

wielkos$ci produkcji

The strong differentiation of the photosynthetic intensity observed in
time, wps due to fluctuation of abiotic and biotic conditions of the marine
primary production. One of the most important factors directly affecting
the absolute value of primary production is the concentration of the bio-
mass of phytoplankton in the sea (represented here by the contents of
chlorophyll a) and irradiation of the water bcd'y. In this case these two
factors fluctuated considerably in time (those relating to irradiance con-
ditions of the surface and interior of the basin are discussed in the pre-
ceding paper in this volume).

Column 3, Table 3, gives the mean concentration of chlorophyll ain

the 0—30-m layer, B, which was determined on the basis of the data in
Table 2. As seen, in extreme casses the concentrations, B, differred ap-
prox. 6-fold and ranged from 0.54 to 3.62 mg/m3 whereas the mean va-
lue of B was 1.18 mg/m3with a standard deviation of 0.58 mg/m3

The energetic efficiency of primary production is a parameter which
characterizes the effect of irradiation and concentration of phytoplankton



Table 3. Diurnal primary production, Pas, meain concentrations of chlorophyll a in
the 0—30-m layer, B, daily doses of solar energy reaching the sea surface,
rlp, and energetic efficiency of primary production, r (see the text for
explanations)

Tab. 3. " Calodzienne produkcje pierwotne — P,is, srednie w wanstwie 0..30 m kon-
centracje chlorofilu a — B, dziienne dozy energii jpiroimienioWania stonecz-
nego padajgcego na p:ilvierzchriie morza — y)p oraz wydajno$¢ energetycz-
na produkcji pierwotnej — r (objasnienia w tekscie)

Date PaS 8 nP '

I mgC 1 meCHI 10, ms C mam> |

Data Lomd J b om3J [-S-] L ks mgchia
1 2 3 4 5
20.X1 779 362 24760 8.7
29.X11 308 127 29650 8.2
21 287 106 26990 84
5.1 297 080 7180 517
151 303 055 18210 303
171 663 115 23260 248
191 596 119 14270 B1
211 043 138 21840 313
271 1495 103 13720 105.8
01 606 094 3510 183.7
2.1l 1173 1.05 17630 63.4
4.l 555 135 8750 470
711 867 136 12500 50.1
1011 481 118 13600 300
1211 531 1.04 17500 290
1411 1206 110 10410 1053
1611 897 153 16960 %6
2111 581 126 10470 440
2411 627 136 8510 54.2
28.11 744 162 17500 2.3
4111 %31 141 20230 326
7.1n 272 086 16880 288

10.111 154 0.68 7560 30.0



on the global effect of photosynthesis in the water body and is described
here with a simplified relation:

where np is the diurnal dose of solar radiation over the whole spectral
range reaching the sea surface (cf. column 4, Table 3).

The efficiency of piimary production in the sea, r, calculated for
particular days, indicates a certain correlation with insolation. There is
a tendency for parameter r to decline with increasing energy, np (Fig. 2),

Fig. 2. Relationship between the efficiency of primary production, r, and diur-

nal solar radiation doses reaching the sea surface . .
The data points are approximated by a curve described by the equation log
T——1.16 log Tip+3.365

Rys. 2. Wspdizalezno$¢ wydajnosci produkcji pierwotnej r, z catodziennymi do-
zami_energii promieniowania stonecznego padajgcego na powierzchnig morza
Potozenie punktéow eksperymentalnych zbliza krzywa opisana rownaniem log
T——1.16 log r|p+3,365

the relationship being hyperbolic. Data points in this diagram were ap-
proximated by an empirical equation derived by the least-squares me-
thod:

log r “"1L16 log © + 3,363

where r is the efficiency in [mg C-m3/mg Chi-kJ] and % iin [kJ/mZ2].

The corresponding standard deviations of successive terms of the
righ-hand side of the equation are &= 0,36 and 82= 1.118. The relatively
high dispersion of the data points in this relationship is due to the as-
sumptions made, and differentiation — in space and time — of a va-



riety of other, abiotic and biotic environmental factors affecting photo-
synthesis, not considered here.

A detailed analysis of the effect of these factors on the energetic
efficiency of primary productivity of marine phytoplankton is now being
carried out by the authors.
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PRODUKCJA PIERWOTNA FIORDU EZCURRA W OKRESIE
ANTARKTYCZNEGO LATA 1977/78

Streszczenie

Celem badan bylo okreslenie produktywnosci pierwotnej i koncentracji chlo-
rofilu a w toni wodnej fiordu Ezcurra i scharakteryzowanie optycznych
uwarunkowan procesu fotosyntezy w tym akwenie. Badania eksperymentalne
przeprowadzono podczas Il Polskiej Wyprawy Antarktycznej, z motorowca ,,Antoni
Garnuszewski” zakotwiczonego w ustalonym centralnym miejscu fiordu Ezcurra.

Pomiary produktywnos$ci pierwotnej wykonano in situ metoda izotopowg z we-
glem CH4 [7, 4], natomiast koncentracje chlorofilu a okreslono metoda spektrofoto-
metryczng stosujgc wzor Stricklanda — Parsonsia [8].

Wyznaczone wielkosci catodziennych produkcji pierwotnych w jednostce obje-
tosci wody morskiej, wyrazone w jednostkach wagowych zasymilowanego wegla,
oraz koncentracje chlorofilu a na poszczeg6lnych gtebokosciach w morzu — podane
sg w tabl. 1i 2

Na rys. 1A przedstawione sg przykfaid&we, skrajne i posrednie pionowe rozktady
catodziennych produkcji pierwotnych — Pa (). Jak wida¢, w wiekszosci wypadkow
obserwowano wyrazne maksimum pionowych rozktadéw intensywnosci fotosyntezy,
przypadajace na rézne gtebokosci w warstwie powierzchniowej od 0 do 7 m. Naj-
czes$ciej maksimum to obserwowano na giebokosci z—5 m. Usredniony ze wszyst-
kich pomiaréw .jbiiicnowy rozktad intensywnosci fotosyntezy ilustruje rys. IB.

Przez scatkowanie numeryczne po gtebokosci krzywych Pa (z) okre$lono catko-
wite dzienne produkcje pierwotne w stupie wody pod jednostkowg powierzchnig —
Pas, opisujagce globalnie proces fotosyntezy w toni wodnej. Wielkosci produkciji,
Pds podane sa w kol. 2tab. 3. Jak wida¢, produktywnos¢ pierwotnaltoni wodnej fiordu
Ezcurra silnie fluktiuiowata w okresie badan. W skrajnych przypadkach catodzienne
produkcje réznity sie ok. 10-krcitnie, »ich bezwzgledne wielkos$ci wahaty sie od 150 do

1500 mgC/im2d. Srednia z zaocbserwowanych produkcji wynosita: pas — 665 mgC/m2
z odchyleniem standardowym 6P=332 mgC/mad. Wielko$¢ S$redniej wskazuje, ze



produktywno$¢ pierwotna fiordu Ezcurra przewyzsza podobne produktywnosci otwar-
tych wod oceanicznych w rejonie Szetlandow Potudniowych (por. np. z danymi w
pracy [3]), jest natomiast porownywalna z produktywnoscig waéd battyckich w okre-
sie letnim (por. z danymi z prac [5, 6]).

W kol. 3 tab. 3 podane sg $rednie w warstwie 0—30 m koncentracje chlorofilu
a — B, wyznaczone na podstawie danych z tab. 1. Jak wida¢, w skrajnych wypad-
kach koncentracje — B rdznity sie ok. 6-krotnie i przyjmowaty warto$ci w granicach
od 054 do 3,62 mg/m3 Natomiast odpowiednia warto$¢ Srednia ze wszystkich ob-
serwacji wynosita: B = 1,18 mg/m3 z odchyleniem standardowym 8, = 0,58 mg/m3

Obserwowane w badanymi okresie, silne zréznicowanie w czasie intensywnosci
fotosyntezy wywotane byto fluktuacjami szeregu abiotycznych i 'biotycznych uwa-
runkowan produktywnos$ci pierwotnej morza. Jednym z najwazniejszych czynnikéw
wplywajacych bezposrednio na bezwzgledne wielkosci produkcji pierwotnej sg aktu-
alne koncentracje biomasy fitoplanktonu w morzu (reprezentowane tu przez zawar-
tos¢ chlorofilu a) i warunki os$wietleniowe toni wodnej. W analizowanym wypadku
oba te czynniki charakteryzowaly sie znacznymi zmienno$ciami w czasie (ktore
w odniesieniu do warunkéw oswietlenia powierzchni i wnetrza akwenu oméwilismy
w poprzednim artykule niniejszego tomu).

Parametrem charakteryzujagcym wptyw oswietlenia i koncentracji fitoplanktonu
na globalny efekt procesu fotosyntezy w toni wodnej jest wydajno$¢ energetyczna

produkcji pierwotnej, opisana tu uproszczong zaleznoscia:

f — Pds/B - r)p,
gdzie jest catodzienng dozag energii promieniowania stonecznego padajgcego na
powierzchnie morza (zob. kol. 4 tab. 3). Obliczone dla poszczegdlnych dni wielkosci
wydajnosci produkcji pierwotnej w morzu — r (kol, 5 tab. 3), wskazujg na
pewng ich korelacje z nastonecznieniem. Zauwazalna jest bowiem tendencja spad-
kowa wielko$ci parametru — r, ze wzrostem energii rJp (zob- rys. 2), przy czym zalez-
no$¢ ta ma charakter hiperboliczny. Potozenie punktéw eksperymentalnych na dia-
gramie powyzszej zaleznos$ci przyblizono empirycznym wzorem uzyskanym metoda
najmniejszych kwadratow:
log r = —116 log rp + 3,363

gdzie: r — wydajno$¢ w jednostkach (mgC - m3mg Chi - kJ), a rjp w jednostkach
(kJ/m 2.

Stosunkowo duzy rozrzut punktéw eksperymentalnych powyzszej zaleznosci spo-
wodowany jest przyjetymi przyblizeniami, zréznicowaniem w czasie i przestrzeni
szeregu innych — nie uwzglednionych tu — abiotycznych i biotycznych czynnikéw
srodowiskowych, warunkujgcych proces fotosyntezy. Szczegdtowa analiza wpilywu
tych czynnikéw na wydajno$¢ energetyczng produktywnos$ci pierwotnej fitoplank-
tonu morskiego, jest przedmiotem dalszych badan autoréw.
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