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ABSTRACT : In mesotrophic Lake Majcz Wielki
synthetic production (14C), between April

was 65 g cass.'m-z' the maximal daily one was 500 mg
cass

. photosynthesis efficiency éin relation to PHAR)
up to 0.31%, and the daily P : B coefficient u

1 T0 Qe AN
remaining lakes, of a more advanced trophic state,

these
values were between 213 (Lake Jorzec) and 108 g C@8SS . n-2
(Lake Zeilwazek), and between 4491 and 1400 m cass.n2 day-1,

g
whereas the photosynthesis efficiency frequently

exceeded
1%. Seasonal changes of photosynthesis, its efficiency and
the P : B ratio among others, depending on phosphorus con-
centration and the N : P ratios, were analysed.
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1. INTRODUCTION, TERRAIN

The studies were conducted in lakes being a chain system of
water bodies linked by a small watercourse of river Jorka of . @&
mean flow at the mouth 200-500 1 . sec.-l, about 12 km long and a
watershed of 03 kmz. which flows into Lake TaXty from the system
of Great liasurian Lakes (Masurian Lakeland, Poland) (for the local-
ity and map . see H il L bricht~-~Ilkowska and <+ a-
wacz 1983, end ‘B gt kiewitez-Crabowesgs kia « in
press-a, b). These lakes are as follows (in the order of water
runoff }): Lake Majcz Wielki (area 1.74 km2, maX. depth 16.4 m,mean
depth 6.0 m, dimictic, mesotrophic), Lake Inulec (area 1.061 kmz,
max. depth 10.1 m, mean depth 4.6 m, polymictic, eutrophic), Cie-
bokie Lake (area 0.46 kmz, max. depth 34.3 m, mean depth 11.8 m,
dimictic, moderately eutrOphic). Lake Zeiwazek (area N0.12 km%.max.
depth 7.4 m, mean depth 3.7 m, polymictic, pond-type) and Lake
Jorzec (area 0.41 kmz, max. depth 11.6, mean depth 5.5 m,dimictic,
highly eutrophic ). The morphometric relations, locality in the
watershed, geological substrate and the land cover in the water-
shed of each lake, water retention, hydraulic and nutrient load-
ing rates and point sources of pollution (Hi 1 1 b rich t-I 1-

kK OW s kK 8 800 L awacz 1988;. ‘P L AN2E P L avws v
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ands T askou re 1983; Boasj.krirewn i ¢:2,~.6,0.8 0.0.W.8 k.ay.r
in press-a, b, L awac z et al. - in press arc the causes of
differentiation of lakes in the past (S t a s i a k and T a-
t ur - in press) and at present as regards the nutrient content,
abundance and structure of various biota, including plankton S p o-
dinid.e. W 8 kK.0..1880 s-aWi8 gilie n .8 Kua, Brow A d K= iDyuldile
s ka @and "E 18 mouAnt.~-Kia.rva:b 1.0..1983 ).The:aim of the
oresent paper is an estimation of the intensity of photosyntinesis
and its efficiéncy and the P : B ratio, as well as an analysis of
scasonal changes in production and stratification according to con-

centration and ratio of basic nutrients.

2. METHODS

Phytoplankton production was estimated on the basis of mea~
surements of assimilation of 140 by phytoplankton in April, “June,
July, Movember 1976 and once a month between April and October
1977 . The method of radioactive carbon 14¢ was used (after St e e-
mogeat NeS gLl e f 5952, 1958, G ol o dimia. ntlilons ., V.oudke
lenwedider 1969). To each 100 ml bottle with unfiltrated
lake water 1 ml of solution labelled sodium carbonate {Na214003)
of a radioactivity 2 uCi was added and incubated in the lake at
the depth 0.5-6 m or 0.5-5.0 m. The bottles were incubated4 hours
(from 10 a.m. to 2 p.m.) during the maximal solar radiation. At
each depth there were three light and two dark bottles.The bottles
were dark by being tightly wrapped in tin-foil., After the in-
cubation, the water samples were fixed in 1 ml 47, formalin in or-
"der to inhibit the production and were taken to the laboratory.Not
longer than three hours after the experiment water samples of a
“volume 20 ml were filtered on membrane filters 0.45 um Millipore
HAWOO 25. The filters were rinsed with 20 ml 0.1 n HCl to remove
140 not embodied in algal cells and then dried at room temperat-
ure: the radioactivity of filters was determined in scintillation
counter Beckman LS5-355. This radioactivity was measured inscintil-
lator being a mixture of 1000 ml of analytically pure toluenc with
5 g PPO (2.5 diphenyloxazole pure’) and 0.25 g POPOP (1,4-di/2/5-
-phenyloxazolylbenzene} (Turner 1972, B i rk s 1975).
The radioactivity of filters was calculated with a 5-9) error.The

nunber of impulses was calculated per wpg o per unit of time per
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surface area or volume unit (V ol lenweider 1969). The
isotope correction 1.06 was used according to the same author.
Phytoplankton production was obtained by deducting the radioactiv-
ity in dark bottles from that in light bottles. _

Total dissolved inorganic CO, was determined according to Go l-
terman and Clymo (1969) by titrating water samples
0.05 n HCL in the presence of Tashiro index., |

Daily production was calculated multiplying ug c®°° during the
exposure by coefficient k (ratio of daily I, to I  for 4 hours ),
which is the ratio of incident radiation on lake surtace area dur-
ing a day to radiation during 4 hours of exposure in situ (Schin-
d1 e riito7z). ;

Production (in mg or g C%°°®) was expressed in two ways: per
volume unit (1 or m3 of given horizon or average for trophogenic
layer, i.e., 0-5 or 0-6 m) and time unit (hour, day), or per sur-
face area unit (mz) of this trophogenic layer and time unit (day,
vegetation season) by integrating or by making the average of each
series of measurements. |

The photosynthesis efficiency was calculated as the ratio of

to photosynthetically active radiation (PHAR), both  values
-1 '

ass
C

were expressed in J - il day ~. It was assumed that 1 mg of C
is 39,193 J (i.e., 9.361 cal ). The daily P : B coefficient, tieh,
production to biomass, was also estimated. Both values were given
in carbon units assuming that carbon is 5% of fresh biomass of
algae. The biomass data are after S podniewsk a (1983).

Incident solar radiation per surface area unit of water body
1

is given in J - cm . min.” ™. It was measured using the solari-
graph of Moll-Gorczynski on the field station of the Institute of
Meteorology and Water Management at MikoZajki, 10 km to the south-
-viest Trom the area investigated. In order to calculate the photo-
synthesis efficiency, solar radiation active at the photosynthesis
(PHAR ) was assumed as 50% of incident solar radiation on the sur-
face of the water body measured by the solarigraph minus about 10%
(light reflected on water surface ). Thus solar radiation active
in the photosynthesis was estimated as about 45% of radiation meas-
ured by the-solarigraph (Sch indler 1972, Ker ek e s
1977 ). |

The transparency of water was measured using the Secchi disc
in the vegetation season of 1976, twice a month between March and

November, and in 1977, every month from April to October,
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3. RESULTS .

3.1. Estimation of total production during
the vegetation season and seasonal dynamics

In both years of investigations the seasonal changes in

phytoplankton production in the 0-6 m

ilar in the majority of lakes
of Majcz Wielki-Jorzec
tem (Fige 1). In all lakes
examined the rate of ~ 'C as-
similation by phytoplankton
was higher in spring (April)
and in summer (July, August ).
In other-périodé of vegeta-
of o+
much lower

sys-

14

tion season the rate
assimilation was
(Fige 1). In lakes Inulec and
Gigbokie the spring produc-
tion peak was higher than the
‘sumner one, whereas in Lake
Jorzec the summer maXinmum of
phytoplankton production was
‘higher than the spring one,
and was especially high in
1977 . In Lake Majcz Wielki
the production was the highest
in spring of 19756 and in sum-
mer of 1977. These relations
were similar in Lake Zeiwa-
281 .

As regards the assimila-
tion of 140

of investigations phyto-

in « succesassive
years
plankton production was ge-
the

1877

compared with values obtained

nerally higher in Ve -

oetation season of as
in analogous periods of 1876

(Fige 1)

trophogenic layer were sim-

Majcz Wielki
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Fig. 1. Phytoplankton photosyn-
thesis in r. Jorka lake system
in 1976 (white bars) and 1977

(black bars
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In all periods of investigations Lake Majcz Vlielki had the

14

lowest primary production. The amount of assimilated =~ C exceeded

ass -2 -1

only slightly 500 mg C e m » day at periods of peak produc-

tion, i.e., in June and July, whereas in other months it was bet-
ween 11 (November) and 276 mg ‘hae ol i day (August). The
production was the highest in Lake Jorzec, which is the last one
in the system of five lakes joined by r. Jorka. In periods of max-
inum production the amount of assimilated Me was between 1500 (A-
pril ) and some 4500 mg G e day_i (July ). In other lakes
the production rate did not exceed 1800 mg o 57 . day ~, with
the exception of spring production peak in Gilebokie Lake -~ about
3000 mg c3%% , =2 . day™? (Fig. 1), |

[Measurements of primary production Dby means of carbon label-
led %c at several hours of eXposure, consistently with the opin-
ionof Steemann Nielsen (1977), are closer to the
net value than the gross value,

Net phytoplankton production of lakes of the river Jorka wa-
tershed in April-October (165 days ) in 1977 was calculated by in-
tegrating the values given in Figure 1, being réspectively: 869
Cass..muz‘for Lake Majcz VWlielki, 107.5 for Lake Zeiwazek, ROVS B
for Lake Inulec, 150.0 for Gigbokie Lake and 212.5 g c2%%. n™% for
Lake Jorzec.

These values of algal production in lakes exanined were com-
pared with those for other lakes of the Masurian Lakeland (produc-
tion measured by the oxygen method and given in calories ) by cal-
culating the assimilated C into joules. A correction was also made
for algal respiration equalling some 20% gross production, i.e.,
nroduction measured by oxygen method (K a j a k, Hillbricht -

- 1T'1'k ow.g kia .and Pii ave z y f @K § Q978

During the study period the lowest production was in Lake
Majcz Vlielki, 2546 KJ . " g which was more than twice lower as
that in the mesotrophic deep Lake Taitowisko during a slightly
longer poriod - 180 days (K a jak, Hillbpricht- 1I1-
kows ka and Pieczynska 1972). The production was
the highest in Lake Jorzec - 8256 K3, Still, according to the
sane authors, it was lower than in the strongly eutrophic MikoZaj~-
skie Lake. In othor lakes (Inulec, Zeiwazek, Gigbokie ), despite
considerable morphometric differentiation, first of all the chem-
ical composition of water, the phytoplankton nroduction valueswere

similar being respectively: 4189 for Lake Zetwazek, 5388 for Lake
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Inulec and 53878 KJ . rn“2 for Glgbokie Lake. However, these values

were lower than those obtained in other ceutrophic lalkes of the
Masurian Lakeland (R'a'j'ak, "1l l1lbricht -~ '"T 1% 0w
g'K s aNg PR O CENNSE KB AUr2, BSpodnt ews K aang
HAL LB e rwig il K O @ KA 1973).

3.2« Stratification of primary production

In the most productive lakes: Inulec, Giegbokie and Jorzec the
production maxima were recorded in both years of studies in the
surface water layers, .

Lo, Ot BIDE 25 AR mq €955 m~3- hour 7

| 14 80 40 60
similation of = C fluc- ke ST
tuated from over 100 to :P
about 500 mg Ca%_m-3.h-1 i Mayscz Wielki
in spring (April) and 9
in summer (August). 2

A different type of S ﬂw

photosynthesis stratifi- § S i
cation was observed in 8
the least productive La- i
ke Majcz VWielki (Fig. I
2). The light  inhibi- L
tion of 14C assimila~ Eg R S S ) PR
tion about 20 ng o 2
cass m-3. h-1\

served in surface water 5 i

layers, whereas the max-
imal rate (about 380 mg
c®8 73 . h"1) - at the
depth of 4-5 m at peri-

ods of both production

Fig. 2. Vertical changes

of photosynthesis of

phytoplankton in r. Jor-

iia lake system in spring

and summer 1976 (thin

line) and 1977 (thick
line

Jorzec

£ Spring Summer
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pealts. Photosyntnesis strafification in Lake Zeiwazek was
similar (Fig. 2). |

According to F indenegg (1964) the character of ver-
tical changes in intensity of photosynthesis describes better the
trophic type of lake than the production calculated per surface
area unit. The type of stratification observed in lakes: Inulec,
Gebokie and Jorzec is characteristic of eufrOphic lakes, whereas
Lake Majcz Wielki has a stratification typical of mesotrophic wa-
ter bodies. The thickness of production zone has changed during
the vegetation season. In spring this layer reached 6 n in all
lakes examined, whereas in summer, in'highly productive and rela-
tively shallow lakes such as Lake Inulec and Lake Jorzec it was
4-5 me Below 5 m assimilation of 140 practically equalled to zero
(Figs 2')s

3.3. Changes in incident radiation, transparency
of waters and photosynthesis efficiency

The changes in incident solar radiation were similar in both
years of investigations (Fig. 3). The solar radiation per surface
area unit (cn ) during the vegetation period April-September in~
1976 was about 314 KJ and was higher than in the analogous period
in 1977 (about 289 KJ). In spring (April-June) and in summer Quly-
-September) 1976 (Table I) the incident radiation was similar,
whereas in 1977 it was about 50 KJ higher in spring than in sum-
mer., Both the radiation in spring and the monthly mean for this
period were higher in 1977 than in 1976. But the solar radiation
in sunmer was higher in 1976 (Table I ).

The transparency of water was the highest (Fig. 4) after
spring (March-April) and autumn (October-Nermber) circulation,
but it was the lowest during the spring (April-May ) and summer
(July-September) peak of production and biomass of phytoplankton.
Among lakes examined Lake Majcz Wielki had the most transparent
water (2.5-5 m after circulations and 2.5-3 m during peaks of
~phytoplankton production and biomass-), whereas water was the
least transparent in the most productive Lake Jorzec. Its trans-
parency, during the entire vegetation season, did not exceed 15 ﬁ,
and at peaks of production even 1 m. Small transparency of water in



- Biotic structure and processes in a lake system 621
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FLgA 13 Seasonal changes of incident solar radiation in 1976 and
1977 (unpublished data of field station of the Institute of Me-
teorology and Water Management at Mikotajskie Lake )

Table I. The total and monthly average values
of incident solar radiation (in KJ - cm'a) in
spring (April-3une ) and summer (July-September)
of 1976 and 1977 (unpublished data of the In-

stitute of Meteorology and Water Management)

Incident l Spring Summerf

radiation
$54 .5
1252
- ST.5
Average 1977 we 4
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—————

this lake at the peak of summer stagnation was connected with
intensive blooming of dinoflagellate Ceratium hirundinella O.F.
Sergh. (phytoplankton biomass reached some 50 mg - 1"1} (S p o-
dniewska 1983). Secchi disc visibility below 1 m was also
recorded in lakes Inulec and GXebokie at the peak of summer stagna-
tion (August) 1977, It occurred at the maximum phytoplankton bio-

mass .

Mayjcz Wielki
M A M ol A A LT LN

] |
2L
LL
5L
lnulec
M1A1M|7[]|A|S|ﬂ1”4
o LTI
44
Glebokie
MIA.[M ]|]_1A15101NL
s
4
Zelwazek
MlAlejr]|A|S|01N1
| l L
2__
g 1=
Jorzec
FMIA_IMIJI],AISIOINI
5y A

Fig. 4. Seasonal changes of the Secchi disc readings in r. Jorka
lake system in 1976 (thin line ) and 1977 (thick line)

Photosynthesis efficiency of phytoplankton of lakes of the
river Jorka watershed (in per cents of radiation PHAR) attained
almost 27 during the early spring production peak in lakes Inulec
and Gigbokie and attained 1.5} during the summer_production'maxi-
mum in Lake Jorzec (Table II). The maximal use of solar energy by
the community of algae in lakes of river Jorka watershed approxi-
nated values recorded by T i 1l ze r et al. (1977) for phyto-
planktonic communities in the strongly eutrophic stratified Miko-
tajskie Lake.
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Table II. Efficiency of photosynthesis (in per cent of PHAR) of
phytoplankton in r. Jorka lake system in 1976 and 1977
Apr. May June July Aug. |SeptOct . {Nov.

Lake L . 3
1976|1977 (1977 [1976 [1977 [1976 [1977 1977 [1977 [1977 [1976

e e = s i 4 WL 2 SRR ! ¢ : S aa ‘ | -

Majcz
\iielk1 |0.09[{0.31}| - 0.0310.10|0.04 |0.1110.04|0,02|0.050.05

Inulec 0.05[1.23|0.28 |0.07|0.13(0.,75]0.,15]|0.,38(0.08|0.02]0.02
Cxebokie|0.39|1.76|0.11]|0.,09(0.11]|0.34 [0.24]|0,09]|0,05]|0.,09|0.12
Zetwazek [0.13|0.42| =~ 0.07 |0.14]|0.33 [0.46[0,06(0.05[0.04|0.,004
lJorzec 0.67[0.58|0.,12(0,22[0,49|0,53 (1.,46(0,16|0.09]|0.14(0.08

3.4 Daily P : B coefficient

The daily P : B coefficient was obtained from data taken on
8-10 dates (Table III), simultaneously used for measuring the as-
similation of e (in mg » oy P m-s . day"l, on the average for
the trophogenic layer and biomass of algae (in mg wet wt .n"> of
this léyer) according to data of S podniewska (1983 ).

It was assumed that carbon is about 5% of wet weight of algae.

Table III., Daily P : B coefficient of phytoplankton in r. Jorka
lake system in 1976 and 1977 (original data on production and bio-
mass were transferred into mg C - g Tl day-l. Biomass data after

Spodniewska 1983

( Ap.)r. | May June 1 July Jﬁuug«.qSen::’t.dr NOV .
Lake 1976 |1977 | 1977 | 1976 |1977 | 1976 |1977 | 1977 |1977 |1976
[

Majcz Wielki |0.48| - - |0.40(0.29|0.73|2.23|0.15/|0.20 [0.02
Inulec 0.721 = 2:10:9110.48 ) = | 10.79{0.56]0.181} = 0.002

Gigbokie 0.80[1.35|0.29|0.40|1.41| -~ |0.91|0.15|0.05 |0.08
Zeiwazek 0.98| = - 2,07| - 10.21|0.77|0.13|0.07 |0.004
lJorzec 06210 .57 | 0.,49| - N.61]11.95|0.04|0.33 |0.04 |

The small number of data does not allow to analyse thoroughly

the seasonal changes of the P : B coefficient. Still, it can 0oe
said that between August and lovember this coefficient was usually
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lower (0.002-0.33) (Table III), whereas in spring and early in sum-
mer (till July) it was higher (0.21~2;23).'Valueﬁhapprqximatﬂ%g1£)
or more were observed in Lake Majcz Wielki in July (2.23),in Lake
Inulec in May (0.91) in Lake Jorzec in July (1.95), i.e.,once dur-
ing the spring or summer production peak, whereas several times
in lakes Giebokie and Zelwazek between April and July (Table 111 L

3.5, Relationship between production
and nutrient concentration in water

As indicated in subchapter 3.1 the lowest production dur-
ing the vegetation season in the series of lakes examined was re-
corded in Lake Majcz Wielki (65 g e il m'z), which according to
dataof Planter, Ltawacz and T atur (1983) have
low concentrations of inorganic forms of phosphorus (SRP-Soluble
Reactive Phosphorué) and nitrogen (sum of NO., + NH4), not exceed-
ing 45 and 600 ug - 17, respectively. In other lakes the concen-
tration of nutrients and production were higher and Lake Inulec
had the highest one (maximum SRP concentration at the bottom in
summer reached 500 ug + 17T, whereas of N-NH, up to 2400 ug v 173
with quite high production during the season, 137.5 g Cass.,mﬂz,
but not the highest (e.g., as compared with Lake Jorzec, 212.5 g
CESS : m-2).

The relations among seasonal changes of SRP as a basic nutrient
limiting the assimilation of 1%c 1s illustrated by .data for tiree
lakes: Inulec, Gigbokie and Jorzec (Fig. 5) with sufficiently fre-
quent SRP measurements and monthly production measurements between
April and October 1977, The comparison of these data shows that
the -maximum spring production in all three lakes is simultaneous
with the exhaustion of SRP from the winter resources both in the
surface and near-bottom layer (spring circulation). But consider-
ing these three lakes examined, there is no close relationship be-
tween SRP concentration in the pést-winter périod and the produc-
tion rate in spring. However, it is interesting that Gzegbokie La-
ke had the highest production in spring (about 400 ng c® 0™ day™?)
where at this time the weight ratio of inorganic forms N : P was
10, i.e., according to investigations of V a l len tynae (1974)
and Schindler (1977) is the best from the point of food
requirements of algae.


https://0.002-0.33

Biotic structure and processes in a lake system 625

Bottom surface
I
500 |- 250 oy
1\
300 \- 160 \

i —

100

350
2501
Spitt
L 180
-,
N v \
N S0
=
%; = - -
N FOFTAIMN TP ST N

(750)

- 200

160 |

50

-day -1

I 100mg €95 m—3

208 R A B R L

Fig. 5. Seasonal changes of phytoplankton photosynthesis (stand-
" m"3 . daynl in relation to the changes of

ing bars) in mg C ~
phosphate concentration (in ug - gt in surface (continous line)

and near-bottom (dashed line ) water in three lakes of r. Jorka
lake system

In frames: N : P weight ratio (phosphorus data after P 1 a n-

t ey, Liaweez. and Tatupr 1983)

- Sunmer maximum of 140 assimilation (July, August ) in the above
mentioned lakes usually co-occurs with faint or trace concentra-
tions of SRP in surface layers, but with increasing concentration
in the near-bottom layers (Fig. 5). As pointed out by E j s mon te
-Karabin '(1982). a relatively high production of algae in
summer is mainly due to constant use of phosphorus excreted Dy
zooplankton. This process in the main recycling mechanism of inor-
ganic compounds in lake pelagial during summer, and the compounds
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excreted by zooplankters are used immediately by algae and do not
accunulate in the trophogenic surface layer.

It is also worth pointing out that especially high (751 mg
g P day-l} production in summer in Lake Jorzec,similarly
as in Ciebokie Lake, takes place at a N : P weight ratio about 10,
i.e., at such a ratio where none of these elements is a factor
" 1imiting the production (G'1 b e o ni 1974,°C hatud'ani and
Vv 4'gh i 1574, 8 ¢ h 1-nidlle-b Y9977

Seasonal changes of the N : P ratio in lakes examined show
high values early in spring (March ) in lakes: Majcz Wielki, Inulec,
Jorzec (50, 85, 100, respectively), both in the surface and near-
-bottom layer, whereas in summer they are at least several times
lower, 10-30 for surface layers (slightly lower for near-bottom
layers ) (Fig. 6 ). This remains so in late autumn (Fig. G).

In general, it can be said that in these lakes in  spring,
phosphorus sinould limit the algal production to a greater extent
(although its post-winter concentrations may be high) (Fig. 5),

Surface waters

120 March August November
100
80
S 60
< ok
20 i I t:I:]
0 " _L[:]::E:ﬂ::[:]_L
o i SRR B o B ARG . SR g ' S IR B A
Near- bottom waters
120} March August November
100
s st
< s
40
20 V-
0 ' [—1-—f_1—:_L | r_1——r_1 |

77 R e S ok V387 R

Fig. 6. The weight ratio of inorganic (nitrate and ammonium} ni-
trogen to phosphate phosphorus in surface and near-bottom waters
in r. Jorka_ lake system in March, August and November 1976
M - Lake Majcz Wielki, I - Lake Inulec, G - Glebokie Lake, "L -
Lake Zeilwazek, J - Lake Jorzec
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whereas, in summer, phosphorus is of lesser significance and the
N : P ratio approximates the optimum (about 10).

In lakes GZegbokie and Zexwazek, polluted by trout (Salmo
gairdneri Richardson) cage culture (P e nc z a k et al. - in
oress ), the seasonal changes of N : P ratio have a different char-
acter. Carly in spring (March) this ratio indicates a deficiency
of nitrogen in relation to phosphorus, being less than 10. In sun-

mer this ratio becomes closer to 20, much better from the point
of algal requirements.

The deficiency of one element in relation to another, as re-
flected by the Il ¢ P ratio, has been confirmed by W o ron i e-
cka-de Wachter (1979) by special experiments, where
surface waters were enriched with nitrogen and phosphorus (various
combinations and concentrations) in situ, and assimilation of 140
was measured atvter adding appropriate doses of N and P. In Lake
Jorzec, in spring, phytoplankton reaction (the amount of assimil-
ated 140) was the greatest when adding phosphorus, whereas in Glg-
bokie Lake - when nitrogen was added. In suﬁmer. communities of
algae in both thesc lakes reacted similarly to the addition  of
one or the other element or to the addition of both.

140 method se-

Phytoplankton production was measured using
veral times in 197G, and every month from April to October in 1977
in five lakes of river Jorka. In Lake Majcz Wielki the primary pro-
duction was the lowest, between April and October (165 days) 1977-

2 ass -2
- U9 9 « N
500 na b mnz
lake was usually at the depth of 4-5 m, and especially in spring

{light inhibition) (Fig. 2). The data point to the mesotrophic cha-

at maximal values in spring and summer about

. day" ! (Fig. 1). The maximal productionin this

racter of this lake. |
In other lakes phytoplankton production in the same period in

1077 was avout 2-3 times higher and was: in Lake Inulec 1387 9

AR R (max. about 500 mg o m"2 -day-l , in Gzebokie Lake

150 g c#°° . i (max. about 3000 mg C%°° . pn™< - day-i) in Lake

Zetwazek 108 g gt m'"'2 (max . about 1400 mg Cass__m—z . day-i).
in Lake Jorzec 213 g c%°° . Mt (max. about 4500 ng Cass-m'z-»day"l)
(Fig. 1). Maximum production in these lakes was frequent in sur-
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face water layers (Fig. 2). The results obtained indicate the
eutrophic character of lakes discussed.

The greatest transparency of water (Secchi disc  visibility)
was observed in Lake Majcz Wielki (to 5 m in periods following the
circulation and to 3 m at peaks of phytoplankton production and
‘biomass ) (Fig. 4). The.smallest'tranaparency was observed at pe~

riods of maximal production in Lake Jorzec (about 1 m) and  in
lakes: Inulec and Ciebokie at the peak of summer stagnation in 1977
(Fig. 4). : ' |

Photoayntheéis efficiency of phytoplankton in relation to PHAR
(assumed as 45% of incident solar radiation) (Fig. 3, Table 1I)
during the spring production peak in lakes Inulec and Giegbokie was
aboutIZ% and during the maximum summer production in Lake Jorzec
about 1.5% (Table II). The lowest per cent of light energy was
used by algae in Lake Majcz Wielki (max. 0.3%) (Table II).

The daily P : B coefficient, assumihg that carbon is 5%of wet
weight of algae, showed the highest phytoplankton activity in Lake
Majcz Wielki, in July, at small phytoplankton density (about 2.2)
(Table III). High photosynthesis activity of phytoplankton was
also observed in Lake Inulec in May (about 1.0), in Lake Jorzec
in July  (almost 2.0), and in lakes Giebokie and Ze}wazek almost

1.0, several times during the year (Table III).
| The relation between phytoplankton production and the concen-
tration of basic food compounds (nitrogen and phosphorus) in sur-
face water showed that the highest production (about 400 mg
i T AL h™1) was in~Glebokie Lake, when the weight ratio of
inorgahic forms N : P was about 10, i,e., the best from the point
of food requirements. of algae (Figs. 5, G).

Summer maximum of phytoplankton production in eutrophic lakes
examined occurs in the period of trace concentrations of phosphates
in surface water (Fig. 5), which being consistent with results of
investigations of E jsmont-Karabin (1982) indica-
tes that inorganic phosphorus compounds excreted by =zooplankton
are intensively used by phytoplankton. |

An analysis of seasonal changes of N : P ratio in surface water
- of two cutrophic lakes - Inulec and Jorzec - show that in spring
the phosphorus may limit the production (very high N : P ),whereas
the nitrogen - in lakes Gigbokie and Zelwazek (N : P  below 10)
(Fig. 6). In summer, the ratio N : P is usually 10-30, i.e.,closer
to the optimum value about 10,
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5. POLISH SUMMARY

Przeprowadzono pomiary produkcji fitoplanktonu (metoda 140}
kilkakrotnie w 1976 r. oraz comiesigecznie w okresie kwiecien-paZ-
dziernik w 1977 r. w 5 jeziorach rz. Jorki., Najnizsza produkcie
nierwotng stwiendzono w jeziorze Majcz \lielki, ktdra w 1977 r. w
okresie od kwietnia do pazdziernika (165 dni) wynosi}a G5 g WL i
przy wartosciach maksymalnych dochodzacych do ok. 500 mg Co% % m ™rdg
ba-l w okresie wiosennym i letnim (rys. 1). Maksymalne wartos$cipro-
dukcji w tym jeziorze wystepuja zwykle na giebokoséci 4«5 m,a zwia-
szcza wiosna (inhibicja éwietlna) (rys. 2). Uzyskane dane wskazu-

’

ja na mezotroficzny charakter tego jeziora.

W pozostaiych jezioracn produkcja fitoplanktonu w 1977 r. w
tym samym okresie byta od ok, 2 do 3 razy wyiZsza i wynosila: w je-
ziorze Inulec 138 g e TN (maksymalna ok. 500 mg C2°°. 74

m “*do=
ba-l), w Jeziorze Gigbokie 150 ¢ i

. m-z (maks:ymalnie ok. 3000 mg
cass | -2

-doba_l).-w jeziorze Zeiwazek 108 g e SR (maksy-

malnie ok. 1400 mg OO ) o Sins doba-l), w jeziorze Jorzec 213 g
c8%8 . n”2 (maksymalnie ok. 4500 mg C2°% . . doba™ 1) (rys.1).
Maksymalne wartosci produkcji stwierdzono w tych jeziorach bardzo
czgsto w powierzchniowych warstwach wody (rys. 2). Uzyskane vryni-
ki wskazuja na eutroficzny charakter omawianych jezior.,

Najwieksza przezroczystoscia wdd (widzialno$é krazka Secchi'e-
go) cechowazo sie jézioro Majcz Wielki (do 5 m w okresach po cyr-
kulacji 1 do 3 m w okresach szczytow produkcji i biomasy fitoplan-
ktonu) (rys. 4). Najnizsza przezroczysto$¢ stwierdzono w okresach
maksymalnej produkcji w jeziorze Jorzec (ok. 1 m) oraz w jezio-
rach Inulec i Gigbokjie w szczycie stagnacji letniej w 1977r.ﬁys.4}

Wwydajnos¢ fotosyntetyczna fitoplanktonu w stosunku do PHAR
(przyjetej jako 45% catkowitego promieniowania s$wietlnego) (rys.3,
tab, I) jezior dochodzila w czasie wiosennego szczytu produkciji w
jeziorach Inulec i Gigbokie do ok. 2% oraz osiagata wartosci ok.
1,5% w czasie letniego maksimum produkcji w jeziorze Jorzec (tab.
II). Najnizszy procent energii swietlnej wykorzystywaty glony w
jeziorze Majcz ‘ielki (maksymalnie 0,3% ) (tab. II).

Ocena dobowego wspdiczynnika P : B (obliczonego przy zaloze-
niu, ze wegiel stanowi 5% sSwiezej masy glondw) wykazata najwiek-
sza aktywnosc fitoplanktonu w lipcu w jeziorze Majcz Wielki,w ktd-
rym zaggszczenie fitoplanktonu byio niewielkie (ok. 2,2) &mb.III}.

\"ysoka aktywnos$c fotosyntetyczna fitoplanktonu stwierdzono rov-
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niez w jeziorze Inulec w maju (ok « 1.0). w jeziorze Jorzec w lip-
cu (blisko 2.0), zas w jeziorach Gigbokie i Zeiwazek wartosci bli-
skie 1,0 stwierdzono kilkakrotnie w ciagu roku (tab. III ).
Analizujac zaleznosc produkcji fitoplanktonu badanych jezior
od koncentracji podstawowych zwiazkow pokarmowych (azot i fosfor)

w wodzie powierzchniowej wykazano, iz najwyzZsza produkcja (ok «
400 mg Cas%ﬁ-Jgodszl}+odznaczalo”si@ Jezioro Gxzgbokie w okresie

gdy etosunek wagowy mineralnych form N : P wynosi* ok. 10, czyli
byt najbardziej optymalny z punktu widzenia wymagar pokarmowych
glonéw (rys. 5, G).

Letnie maksimum produkcji fitoplanktonu w badanych jeziorach
~eutroficznych wyst@puje-w okresie sladowych koncentracji fosfora-
néw w wodach powierzchniowych (rys. 5), co - zgodnie 2z wynikanmi
badan- E jsmont-Karabdin (1982) - wskazuje na inten-
sywne wykorzystanie przez fitoplankton uwalnianych przez zooplank-
- ton w procesie ekskrecji zwiazkdéw mineralnych fosforu,

Analiza zmian sezonowych stosunku N : P w wodach powierzchnio-
wych 2 Jjezior eutroficznych ~ Inulec i Jorzec - wskazuje,zew okre-
sie wiosennym czynnikiem limitujacym produkcje moze byc fosfor (MN:
: P bardzo wysokie), za$ w jeziorach Gigbokie i Zeiwazek azot (N :P
ponizej 10). (rys. 6). W okresie letnim stosunek N : P wynosi na

ogéx 10~30, czyli jest blizszy optymalnej wartosci rownej ok. 10.
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