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ABSTRACT: In mesotrophic Lake ~1ajcz \\'ielki the photo
synthetic produc~ion (14c), between April and October1977, 

2 was 65 g Cass • m- , the maximal daily one was 500 mg 

c999 • m- 2 photosynthesis efficiency (in relation to PHAR) 
up to 0.31%, and the daily P : 8 coefficient up to 2.2. In 
remaining lakes, of a more advanced trophic state, these 
values were between 213 (Lake :Jorzec) and 108 g cass • m-2 
(Lake Ze!w~zek), and between 4491 and 1400 mg cass.m-2 day-1, 
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 theN : P ratios, were analysed • 
KEY WORDS: Lakes, phytoplankton photosynthesis, nutri

ent ratio, daily P : B coefficient. 
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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 a 
mean flow at the mouth 200-500 1 • sec.- 1 , about 12 km long and a 
watershed of G3 fcm 

2 , which flows into Lake Ta~~y from the system 
of Great ~· ~ asurian Lakes (r··1asurian Lake land, Poland) (for the local

ity and map see H i 1 1 b r i c h t - I 1 '' o VI s k a and -t a
w a c z 1983, and B a j k i e vJ i c z - G r a b o w s k a - in 

press-a, b). These lakes are as follo\vs (in the order of \Vater 
runoff): Lake Majcz ~ielki (area 1.74 km2 , rnax. depth 1G.4 m~mean 
depth 6 .o m, dimictic, rJesot rophic), Lake Inulec (area 1.G1 km2 , 

ma};<. depth 10.1 m, meon depth 4.6 r.1, polymicti.c, eutrophic), G~f?

bokie Lake (area 0.46 km 2 max. depth 34.3 m, mean depth 11.8 m, 1 

dimictic, moderately eutrophic), Lake Zed:wcgzek (area 0.12 km2, max. 

depth 7.4 m, mean depth 3.7 m, po1ymictic, pond-type) and Lake 
Jorzec (area 0.41 km 2 , max. depth 11.6, moan depth 5.5 m,dirnictic, 
highly eutrophic). The morphometric relations, locality in the 
watershed, geological substrata ond the land cover in the water
shed of each lake, vvater retention, hydraulic and nutrient load
ing rates and point sources of pollution (H i 1 1 b r i c f1 t-I 1-
k o VJ s k a and -t. a \ v a c z 1 ns 3 , P 1 a n t o r , J-:._ a \'V o c z 
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nnd T a t u r 1983, B a j !( i e w i c z - G r n 0 o \•J s k CJ -

in press-a, b, t. a w a c z ot al.- in proos) arc the causes of 

differcntintion of lakes in the past (s t a s i a k and T a

t u r - in press) and at present as regards the nutrient content , 

abundance and structure "of VCJrious biota I including plankton r: p o-

d n i c \V s k 1983, w Q g 1 e r1 s k a, o o ~~J n i k n y 1 i •)-

o k and E j s m o n t - I( a r a b i n 1'l03 1 ~The Dir.t of the 

present paper is an estimation of the intcnsi ty of photoGyn t :lesis 

ond its efficiency and the P : 0 ratio, as well aG an a nalys is of 

seasonal changes in production and stratification accordino to con

centration and ratio of basic nutrients. 

2. METHODS 

• 

· Phytoplankton production v11as estimated on tho basis of mea

surements of assimilafion of 14c by phytoplankton in 1-\pril, June , 

Ju ly, November 1976 and once a month between April and Oct obe r 
14 

1977. The method of radioactive carbon c was used (after St e e

m an n N i e 1 se n 1952, 1958, Go 1 d m an 1963, V o 1-

1 e n \"/ e · i d e r . 1969) . To each 100 ml bottle \Vith unfiltra ted 

lake water 1 ml of solution labelled sodi um carbonate (!Ja2
14co ) 3 

of a radioactivity 2 ~Ci was added and incubated in the lafce nt 

the depth 0.5-6 m or 0.5-5.0 m. The bottles were incubated4 1lours 

(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 \'/rapped in tin-foil. After the in-

cubation, the water samples were fixed in 1 ml 4% 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~m ~1illi pore 

H~VOO 25. The filters were rinsed with 20 ml 0.1 n HCl to rem ove 
14c not embodied in algal cells and then dried at room tempera t 

ure; the radioactivity of filters was determined in scintJ.llat.ion 

counter Oeckman. LS-355. This radioact ivity was measured in scintil

lator being a mixture of 1000 ml of analytically pure toluero witt 

5 g PPO (2,5 diphenyloxazole pure~ and 0.25 g POPOP (1,4-di/2/5-

-phenyloxazolylbenzene) (Tu r ne r 1972, B i r · k s 1975). 

The radioactivity of filters r1as calculated \Vith a 5-9~~ error. The 

number of impulses VJas calculated per ,ug Cass per unit of time per 

• 

• 
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surface area or volume unit (v o 1 1 ·e n w e i d e r 1969). The 

isotope correctLon 1.06 was used according to the same author. J 
Phytoplankton production was obtained by deducting the radioactiv

ity in dark bottles from that in light bottles. 
' 

Total dissolved inorganic co \Vas determined according to Go 1-
2 

t e r m a n and C 1 y m o (1969) by titrating water samples 

0.05 n HCl in the presence of Tashiro ~ndex. 

Daily production was calculated multiplying tJ9 Cass during the 

exposure by coefficient k (ratio of daily ! 
0 

to I 
0 

for 4 hours); 

\\fhich is the ratio of incident radiation on lake ·surface area dur

ing a day to radiation during 4 hours of exposure in situ (s chin-
• 

d 1 e r 1972). 4 

Production (in mg or g Cass) was expressed in two ways: per 

volume unit (1 or m3 ~f given horizon or average for trophogenic 

layer, i.e., 0-5 or 0-6 m) and ti~e unit (hour, day), or per sur
face area unit (m2 ) 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 \-'Vas calculated as the ratio of 
cass to photosynthetically active radiation (PHAR )., . both values 

-2 -1 . 
were expressed in :J • m , day • It was assumed that 1 mg of C 
is 39 •. 193 J (i.e., . 9.361 cal ). The daily P : .B coefficient, i.e., 
production to biomass, was also estimated. Both values were given 

in carbon units assum,ing that carbon is 55'6 of fresh biomass of 

algae. The biomass data are after S p o d n i e Vl .. _s k a (1983). 

Incident solar radiation pe·r surface area unit · of water body 
2 · · · ., - i -l It d . h 1 . 1.s g~ven J.n '-' · cm • m n. • \Vas measure us~ng t e so ar~-

gra ph of r·loll-Go rczynski on the field station of t .he Institute of 

r,ieteorology and Water ManG'lgement at i·1iko2:ajki_, 10 km to the south- · 

-r1ost from the area investig~ted. In order to calculate the photo

synthesis efficiency, solar radiation active at the photosynthesis 
• 

(P HA~) was assumed as 50% of incident solar radiation on the sur-
face of the vJater body measured by the solarigraph minus about 10?6 

(light reflected on water surface). Thus solar radiation active 

in the photosynthesis \Vas estimated as about 45% of radiation meas-

ured by the· solarigraph (s c h i n d 1 e r 1972, K e r e k e s 

1 S77). 

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

f'~ovember, and in 1 c~77, 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 
phytoplankton production in the 0-6 m 
ilar in the majority of lakes 

of Majcz ~ielfci-Jorzec sys-
tem (Fig. 1). In all lakes 

14 ·examined the rate of c as
similation by phytoplankton 

. 

. was higher in spring (April) 
and in summ~ r (:July, August) • 
In other· periods 

. 

of vegeta
14 tion season the rate of c 

assimilation was much lower 
(Fig. 1 ). In lakes Inulec and 

GlQbokie tf1e spring produc
tion peak VJas higher than the 

· suc~er one, whereas in Lake 

Jorzec the summer maxi~um of 
·phytoplonkton rroduction was 
.t1igl1er than the spring one, 
and was especially high in 
1 <) 7 7 • I n La k e l'-1a j c z Wielki 
the production was the highest 

in spring of 1976 and in su~
mer of 1977. These relations 

\vera sir.1 ilar in Lake Zcl\"1~-

2ak. 

As regards the assimila-
14 . . tion o f C 1n success~ve 

years of investigatiOls phyto-

plankton production \Vas ge-
nerally hiaher in the ve
getation season of 1977 as 
cor.~ pared with values obtainod 

in analogous periods of 1976 

(Fig . 1). 

the seasonal changes in 
trophogenic layer were aim-
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In all periods of investigations Lake f.1ajcz r/ielki had the 

lowest primary production. The amount of assimilated 14c exceeded 
ass -2 -1 only slightly 500 mg C · m • day at periods of peak produc-

tion, i.e., in ~une and July, whereas in other months it was bet
VJcen 11 (r Jovombe r) and 276 mg cass . m- 2 ~ day- 1 (i\ugust). The 

1 production \'Jas the highest in Lake Jorzec I \-lhich is the last one 

J..n the system of five lakes joined by r. Jorka. In periods of max

i11 um production the amount of assimilated 14c v1as between 1500 (A
pril) and s ome 4500 mg Cass • m- 2 ~ day- 1 (July). In other · laf .. es 

t f e production rate did not exceed 1800 mg Cass. m- 2 • day- 1 , with 

t he C'Xception of spring production peak in Gl~bokie Lake - about 
3000 mg cass , m- 2 • day- 1 (Fig. 1). 

l•leasurements of primary production by means of carbon label

led 14c at several f1ours of exposure, consistently with the opin

ion of S t e e m a n n rJ i e 1 s e n (1977), are closer to the 

net value than the g ross value. 
Net phytoplankton production of lakes of the river Jorka tva-

• tershed in April-October (165 days) in 1977 was calculated by J.n-
tegrating the values given in Figure 1, being respectively: 65 g 

2 casn • m - . for Lake r··1aj cz V'Jie lk i ' 107.5 for Lake ZelVIQ±ek I 137.5 
ass -2 for Lake Inulec, 150.0 for GJ:{lbokie Lake and 212.5 g C • m for 

Lnf"e Jorzcc. 

These volues of algal production in lakes examined were corn
pored \Vith those for other ·lakes of the r'lasurian Lakeland (produc

tion measured by the oxygen method and given in calories) by cal
culating the assimilated C into joules. A correction v~as also filade 

fo r olgal respirDtion equalling some 20% gross production, i.e., 

p roduct ion measured by oxyaen method (1< a j o k, Hi 11 b r i c h t -

- I 1 1.. o \V s k a and P i e c z y r'1 s k a 1972). 

During the study period the lowest production was in Lake 
-2 r-la jcz ':Jiel!'i 1 2546 l<J • m vJhich \vas more than t\vice lov·1er as 

that in tho mesotrophic deep Lake Taltowislco during a slightly 
• 

longer pe riod- 180 days (t< a j a k, Hi 1 1 b r i c h t - I 1--

k o W s k a and P i c C z y n s k a 1<J72). The production 1vas 

the highest in Lake Jorzec - 8256 l~J. Still, according to the 

sar;,o cuthors, it VJas lower than in the strongly eutrophic r:Jiko;:aj-
• 

skie Lake. In other lakes (Inulec, ZeZ:\v~;!ek G2:Qbokie ), despite I 

considcroole morphomotric differentiation, first of all the chem
ical composition of \IIJater, the phytoplankton rroduction values were 

similar being respectively: 4109 for Laf<e ZelwQ~ek, 5388 forLake 
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2 Inulec and 5078 l<J • m- for G2:gbokie Lake. flovJever, these values 
vJare lo\•Jer than those obtained in other eutrophic lakes of the 

t·lasurian Lakeland (1< a j o k , H i 1 1 b r i c h t - I 1 k o VJ

s k a and P i c c z y 1'1 s '' a 1 'J72, s p o d n i e w s r~ a and 

H i 1 1 b r i ~ c h t - I 1 k o w s k a 1973). 

3.2. Stratification of primary production 

In the most productive lakes: Inulac, G~~bokie and Jorzoc the 

production maxima were recorded in both years of studies in tho 
surface water .layers, 

mg ea ss. m -3. hour - I i.e., 0-1 m (Fig. 2). As 40 80 40 80 14 . 
similation of c flue-

f 
tuated from over 100 to 
about 500 mg cass. m - 3.h -i Majcz Wielkt 

in spring (April) and 5 

in summer (August). 
A different type of 100 soo 0 200 

photosynthesis strati fi- . 1 
cat ion \'I as observed in 

the least productive La Invlec 

ke Majcz Wielki (Fig. 5 

2); The light inhibi tOO 500 200 14 tion of c assimila-
tion (about 20 r.tg 
ass -3 -1, 

C m • h ) was ob- IJTebokie 
( 

served in surface water 5 

layers, whereas the rnax-
100 50/l 200 

i8al rate (about DO mg 
1-cass . m -3 • h -1) - at the 

depth of 4-5 m at peri
le!waiek 

c ods of both production 

tOO 500 2(}0 400 

1 r=ig. 2. Vertical changes 
of photosynthesis of • 
phytoplankton in r. Jor Jorzec 
!~a lake system in sprinu 
ond ~ummar 197G (thin 5 

line) and 1~; 77 (thick Spring Summer 
line) 
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peal~s. Photosynthesis strafification in Lalce 

simil~r (F~g . 2). 
According to F i n d e n e g g (1?64) the character of ver

ticol chDngos in intensity of photosynthesis describes better the 
trop:1ic type of lake than tho production calculated per surface 
area unit. The type of otratification observed in lakes: Inulec·, 

• 

G£~bokie and :Jorzcc is charoctoristic of eutrophic lakes, \11/hereas 
Loke Majcz Wielki has a stratification typical of mesotrophic \"Ja

ter bodies. The thickness of production zone has changed during 

the vegetation season. In sprino this layer reached G ~ in all 
• . 

lakes examined, \"..rherees in summer, in highly productive and · rela-

tively shallovJ la!~es such as Lake Inulec and Lake 0orzec it \~Jas 
14 4-5 m. Below 5 m assimilation of c practically equalled to zero 

(Fig. 2). 
• 

3.3. Changes in incident radiation, transparency 

· o f ~aters and photosynthesis efficiency 

. 
The changes in incident solar radiation \vere similar in both 

years of investigations (Fig. 3). The solor radiation per surface 
area unit (c~2 ) during. the vegetation period April-September in ~ 
1976 was about 314 I<~ and was higher than in the analogous period 

in 1977 (Dbout 289 I(J ). In spring (April-June~ and in summer (:July

-Septembe r) 1976 (Table I) the incident radiation was similar, 

tvhereas in 1977 it was about 50 J<:J higher in spring than in sum

mer. Both the radiat ion in spring and the monthly mean for this 

period \'Vere higher in 1977 than in 1976. Out the solar radiation 

in sunmer was :1iahor in 1976 (Table I). 

The transparency of water . \Vas the highest (Fig. 4) aft a r . 
spring (Ma rch-April) and autumn (October-November) circulation, 

. 
but it was tl1e lowest during· the spring (April-May) and summer 

(~uly-Septcmber) peak of production and biomass of pl1ytoplankton. 
Among lakes examined Lake r.-tajcz ~Vielki had the · r.~ost transparent 

water (2.5-5 m after circulations arid 2.5-3 m during peaks of 

. phytoplankton production and biomass 1, \"t~h ereas \Vater \'Vas . the 

least transparent in the most productive Lake ~orzec. Its trans

parency, during the entire vegetation season,did not exceed 1.5 m, 

and at peaks of production even 1 m. Small transpar:'ency of water in 

, 
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Fig~ 3. Seasonal changes of incident solar radiation in 1976 and 
1977 (unpublished data of field station of the Institute of Me

teorology and W~ter Management at Mikolajskie Lake) 

Table I. Th~ total and monthly average values 
of incident solar radiation -(in I<~ · cm-2) in 
spring (April-June) and summer (:July-September) 

of 1976 and 1977 (unpublished data _of the In-
stitute of Meteorology and Water Management) 

' Incident S pring Summer 
/ 

radiation 
• 

' 

1976 
' 

157.0 154.5 Total 
1977 167.9 125.2 

' 1976 52.3 51.5 
Average 1977 56.1 41.4 

• 
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this lal<e at the peal< of summer stagnation was connected with 
intensive blooming of dinoflagellate Qeratium hirundinella O.F. 
Bergh. (phytoplankton biomass reached some 50 mg • 1-

1 
) (spa

d n i e w s k a 1983). Secchi disc visibility below 1 m was also 
recorded in lakes Inulac and G!Q~okie at the peak of summermagna
tion (August) 1977. It occurred at the maximum phytoplankton bio-
mass. 

Majcz Wielki 
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I I I I I I I I 

1-

2 ~ 
~ .... f-

4 f- v~ -...V ........ ""~ 1- """ ~ 
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~ 1 . 
1- L,...--- ............ 2 - ~ V""'-
~ 

4 1-

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 \Vatershed (in per cents of radiation PHAR) attained 
almost 2% during the early spring production peak in lakes Inulec 
and Gl~bokie and attained 1.5% during th~ summer production maxi
mum in Lake :Jorzec (Table II). The ma.ximal use of solar energy by 
the conmunity of aluae in lakes of river jorka vvatershed approxi
nated values recorded by T i 1 z e r et al. (1977) for phyto
planktonic communities in the strongly eutrophic stratified f·1iko

~aj skie Lake . 



Biotic structure and processes in a lake system 623 

Table II . Efficiency of photosynthesis (in per cent of PHAR) of 
. 

phytoplankton in r. Jorl<a lake system in 1976 and 1977 

Apr. t-'lay :June :July Aug. Sept. Oct. r.Jov. 
Lake 

1976 1977 1977 1976 1977 1976 1977 1 977 1977 1977 1976 

r---ta j c z 
~'Jielk i 0.09 0.31 - 0.03 0.10 0.04 0.11 0.04 0 .02 0.03 0 .03 . 

I·Inulo c 0.05 1.CJ3 0.28 0.07 0.13 0 .75 0.15 0.38 o.os 0.09 0.02 

G2:Qbokie 0.39 1.76 0.11 0.09 0.11 0 .34 0.24 0.09 0 .05 0.09 0.12 

Zed:W(lzek 0.13 0.42 - 0.07 0.14 0 .33 0 .46 0.06 0.05 0.04 0.004 

::Jo rzec 0.67 0.58 0.12 0.22 0.49 0.53 1.46 0.16 o.og 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-
14c 3 1 . ·1 · o f (1 mg cass • m • d - , on th e f or sl.ml. at1.on n - ay average 

3 
the trophogenic iayer and biomass of algae (in mg wet wt · m- of 

' 

this layer) according to data of S pod n i e w s k a (198.3). 

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

Table III. Daily P : B coefficient of phytoplankton in r. ~orka 

lake system in 1976 and 1977 (original data on production and b1o

mass were transferred into mg C • 1-1 • day- 1 • Diomass data after 

S p o d n i e w s k a 1983 

Apr. l t·1ay 0une July Aug. Sept. Nov. 

Lake 1976 1977 1977 1976 1977 1976 1977 1977 1977 1976 

t·1aj CZ ~Vie lk i 0.48 - - 0.40 0.29 0.73 2.23 0.15 0.20 0.02 

Inulec 0.72 - 0.91 0.48 - 0.79 0 .56. 0.18 - 0.002 

Gl~bokie o.ao 1.35 0.29 0.40 1.41 - 0.91 0.15 0.05 o.oa 
Zel\·,~zek 0.98 - - 2.07 - ·0.21 0.77 0.13 0.07 0.004 

• 

1 ne-: 0.04 0.33 0.04 :Jorzcc 0.62 0.57 
• - 0.49 - 0.61 • ·"' J 

The small number of data does not allow to analyse thoroughly 
I 

the seasonal changes of the P : D coefficient. Still, it can 1Je 

said that bet\'leen Auoust and flovember this coefficient \Vas usually 
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sumlower (0.002-0.33) (Table III),. whereas in spring and early in 

mer (till :July) it was higher (o .21-2.23 ). Values approximating 1.0 

or mora \lllare observed . in Lake t·1ajcz VVielki in Jul~ (2.23),in Lake · 

Inulec in t·1ay ( 0.91) in Lake :Jorzec in July (1.95), i .a., once· dur

ing the spring or summer production peak, whereas several times 

in lakes G;t~bokie and Ze1:w~zek bet\veen· April and ~uly (Table III ). 

: 

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-

g C889 corded in 'Lake Majcz \Vielki (65 • m- 2 ), which according to 

data of P 1 an t e r, t. ·a w a c z and Tat u r (1983) have 

lo\·1 concentration.s of inorganic fo·rms of phosphorus (SRP-Soluble 

Reactive Phosphorus) and nitrogen (sum· of N03 + NH4 ), not exceed

ing 45 and 600 ~g • 1-1 , respectively. In other lakes the c0ncen

tration of nutrients and production were higher and Lake Inulec 

had the highest one (maximum SRP concentration at the bottom in 
-1 -1) 

summer reached. 500 t-'9 • 1 , vt~hereas of N-NH4 up to 2400 ~g • 1 
c899 2 

\Vith q.uite high production during the season, 137 .s g • m- , 

but not the highest (e.g., as compared with Lake Jorzec, 212.5 g 
"ass -2) ""( • m • 

The relotions among ·seasonal changes of. SRP as a basi"c nutrient 
14 

limiting the assimilation of c is illustrated by . data forthree 

lal<es: Inu~ec, GlQbol<ie and Jorzec (Fig. 5) with sufficiently fre-
.. 

quent SRP meas4remonts and monthly production measurements between 

April and October 1977. The comparison of these data shor1s 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). Out consider

ing these three lakes oxamined, there is no close relationship be

tween SRP concentration in the p~st-winter period and the produc

tion rate in spring. However, it is interesting that Gi~bokie La

ke had the highest production in spri.ng (about 400 r.19 C~m-3 ·day-1 ) 
where at this time the weight ratio of inorganic forms N : P VJSS 

10, i.e., according to investigations of V a 1 1 e n t y n e (1974) 

and S c h i n d 1 e r (1977) is the best from the point ·of food 

requirements of algae. 

https://0.002-0.33
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Fig. 5. Seasonal changes of phytoplankton photosynthesis (stand
855 3 ing bars) in mg c • m- • day- 1 in relation to t~e changes of 

phosphate concentration (in ~g · 1- 1 ) in surface (continous line) 
and near-bottom (dashed line) water 1n three lakes of r. ~orka 

lake system 
In fram.es: N : P \~Jeight ratio (phosphorus data after P 1 a n-

t e r, ~ a w a c z and T a t u r 1983) 
. 

14 . Sur.1mer maximum of c assimilation (0uly, August) in the above 

mentioned lakes usually eo-occurs with faint or trace concentra

tions of SRP in surface layers, but with increasing poncentration 

in the near-bottom layers (Fig. 5). As poi_nted out by E j s m o n t-

-K 
• 

a r a b i n (1982), a relatively high production of. algae in 

summer is mainly due to const~nt use of phosphorus excreted by 

zooplankton. This process in the main recycling mechanism of inor

ganic compounds in lake pclagial during summer, and the compounds 
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excreted by zooplankters are used immediately by algae and do not 
accur.~ulate in the trophogenic surface layer. 

It is also worth pointing out that especially high ~51rng 
899 c · m-3 . day- 1 ) production in summer in Lake Jorzec,similarly 

DS in GlQbokie Lake, takos place at a rJ : P v1eight ratio about 10, 

i.e., at such a ratio where none of these elements is a factor 
limiting the production (G 1 b s o n 1971, C h .a u d a n i and 
V i · g hi 1974, S chin d 1 er 1977). 

Seasonal changes of the r~ : P ratio in lakes examined show 
high values early in spring (Harch) in lakes: t-1ajcz Wielf<i, Inulec, 

Jorzec (so, 85, 100 , respec tively), 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 g~neral, it can be said that in these l~kes in spri~g, 

phosphorus si1ould limit the algal production to a greater extant 
(although its post-w~nter concentrations may be high) (Fig. s), 

Surface waters 
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._ ~ 

~ 

40 
.... 

20 i-
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Near- bottom waters 
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~ 801-...... 
't::l 

c::t: 80 1-

40 -
_, 2(} 

I I I I 0 I I I I I 
G l J I G z 1 I G z 

Fig. 5o The weight ratio of inorganic (nitrate and ammoniLrm) ni
trogen to phos phate phospho us in surface and· near-bottom waters 

.i..n r. :Jorka _ lake sys em in March, Auoust and n ovamber 197G 
M- Lake Majcz Wielk , I- Lake nulec , Gw - Glebokie Latce , z -

Loke Zo!~a e<, J ake ~o rzec 
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\"Jhereas, in summer, phosphorus is of lesser significance and the 

tJ : P ratio approximates the optimum (about 10). 

In lakes G;t~bokie and Zelw~zek, polluted by trout (Salmo 
gai rdncri Richardson) cage culture (P e n c z a k et al. - in 
press), the seasonal changes of N : P ratio have n different char

acter. Early in spring (March) this ratio indicates a deficiency 

of nitrogon in relation to phosphorus, being less than 10. In sum
me r this ratio becomes closer to 20, much better from the point 

of algal requirements. 

Tt1c dcf1ciency of one clement in relation to anothe~, as re-
flected by tho fJ : P ratio, has been confirmed by ~V o r o n 1 e-
c I ·~ a - d c W a c h t c r (1979) by special experiments, v.rhere 

surface waters r1ere enriched VJith nitrogen and phosphorus ~arious 
14 combinations ond concentrations ) · in situ, and assimilation of c 

was measured ~fter adding oppropriate doses of N and P. In Lake 
Jorzec, in spring, phytoplan!(ton reaction (the amount of assimil
ated 14c) \!vas the 9reatest _v1hen addino phosphorus, whereas in Gl~-

• 

bokie Lake - \Vhen nitrogen \vas added. In summer, communities of 

algae in both these lakes reacted similarly to the addition of 

one or tho other element or to the addition of both. 

4 • s ur·tJMAnY 

Phytoplanf<ton production was measured using 
14 

C method 
. 

se-

veral times in 197G, and every month from April to October in 1~Jn 

in five lakes of river :Jorka. In Lake MoJcz Wiclki the primary pro
duction was the lowest, between Aoril and October ~65 days) 1077-

- 65 g coss . ~- 2 at maximal values in spring and summer obout 
2 500 na cnss · m - • day- 1 (Fig. 1). The maximal production in this 

lal<e ~as usually at the depth of 4-5 m, and especially in spring 
(light inhibition) (Fig . 2 ). The data point to the r.1esotrophic cha-

rocter of 
• 

this lake. • 

In other lakes phytoplankton production in the same period in 

1S77 was ~bout 2-3 times higher and was: in Lake Inulec 138 g 
case •· m - 2 (max . about · 500 mg Cass • m - 2 • day- 1·), in Gl~bokie Lake 

150 g cass • m- 2 (max. about 3000 mg Cass • m- 2 · day- 1 ) in Lake 

g C899 2 2 zea:\v~zck 108 • m- (max. about 1400 mg cass • m- • day- 1 ), 

in Lake · ~orzec 213 g Cass · fil-
2 (max. about 4500 mg ca~m-2 • day-1 ) 

. 

(Fig. 1). r1aximum production in these lafces 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 f1ajcz Wielki (to 5 m in periods following the 
circulation and to 3 m at peaks of phytoplankton production and 

. \ 

· biomass) (Fig • 4). The smallest transparency was observed at pe-· 
riods of maximal production in Lake Jorzec (abo~t 1 ~) and ~ in 
lakes: Inulec and Gl~bokie at the peak of summer stagnation in 1977 
(Fi·g. 4). 

. 
Photosynthesis efficiency .of phytoplankton in relationto A~ 

(assumed as 45% of incident solar radiation) (Fig. 3, Table I) 
during the spring production peak in lakes Inulec and Gl~bokie was 
about 2% and during the maximum summer production in Lake ~orzec 

about 1.5% (Table II). Tho lowest per cent of light energy was 
used by. algae in Lake Majcz Wielki (max. 0.3%) (Table II). 

The daily P : B coefficient , assuming 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 phytoplank ton was 
also observed in Lake Inulec in t1ay (about 1.0), in Lake Jorzec 

. · in July (almost 2.0), and in lakes .Glebokie and Ze~W@±el< almost 
1.0, several times during th~ year· (Table III ). 

The relation between phytoplankton production and the concen
tration of ' basic .food compounds (nit ogen and phosphorus) in sur
face water showed that the highest production (about 400 mg 
c~ss · m- 3 • h- ·1 ) 'was in····Gl{lbol<ie Lake, when the weight r~tio of 
inorganic forms N : P \vas about 10, i.e., the best from the point 
of food requirements .of algae (Figs. 5, 6). 

Summer maximum of phytoplanktQn production in eutrophic lakes 
examined occurs in the period of trace con cent rations of phosphates 
in surface wat~r (Fig. 5), which being consistent with results of 
investigations of E j s m o n t - I< a r a b i n (1982) in,.dica
tes that inorganic phosphorus compounds excreted by zooplanlcton 
are intens ively used by phytoplankton. 

An analysis of seasonal changes of N : P ratio in surface water 
of two eutrophic lakes - Inulec and ~orzec - show that in spring 
the phosphorus may limit the production (very high N : P) ,t"lhereas 
the nitrogen - in lakes GJ:~bokie and Zel\v~zek (N : P belo\AJ 10) 
(Fig. 6). In summer, tf1e ratio N : P is usually 10-30, i.e.,closer 
to the opti~um value about 10. 
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5. POLISH SUf·U·lAnY 

Przeprowadzono pomiary produkcji fitoplanktonu (metodQ 

kilkakrotnie w 1976 r. oraz comiesi~cznie \ .. 1 okresie !~vliecier'l-paz

dziernik \~I 1977 r. "'' 5 jeziorach rz. Jorki. Najnizsz{l produkcj~ 

riervJotnQ stv1ier£1zono \V jeziorze t·1ajcz \Vielki, ktoro \V 1977 r. \"1 

C89 2 okresie od k\vietnia cJo pazdzie rnika (165 dni) VJYnosila 65 g ~m- , 
przy \Vartosciach maksymalnych clochodz~cych do ok. 500 mg c 858 ·m-~do
ba - 1 v1 okresie \Viosennym i lctnim (rys. 1). t·taksyrnalne VJartosci pro

duk cj i v1 tym j eziorze \'JYSt Qpuj CJ Z\'J'fkle na glf2bokosci 4-5 m, o zwla
szcza \"JiosnQ (inhibicja swietlna) (rys. 2). Uzyskane dane wskazu

jQ na rnezotroficzny charakter togo jeziora. 

W pozosta~ych jeziorach produkcja fitoplanktonu v-1 1977 r. l'J 

tym samym okresie byla od ok. 2 do 3 razy wyzsza i r.JYnosi2:a·: w je-
ass -2 ( ass -2 ziorze Inulec 138 g C • r,, maksymalna ok. 500 mg C . m •do-

2 ba - 1 ), w 0eziorze G£Qbokie 150 g Cass • m - (maksYmalnie ok. 3000 mg 

c895 2 
g C855 2 

• m- · doba- 1 ), -w jeziorze Zelwe±ek 108 • m- (maksy
malnie ok. 1400 mg Cass • m- 2 • doba- 1 ), w jeziorze Jorzec 213 g 

896 2 859 2 c • m- (maksymalnie ok. 4500 rng c • m- • doba- 1 ) (rys.1). 
f·1aksymalne wartosci produkcji strJierdzono v1 tych jezioracil bardzo 

cz~sto \V povJierzchniovJych \·1arstwach \i'Jody (rys. 2). Uzyskane \"l'{ni

ki \vskazujQ na eut roficzny charakter omawianych jezior. 

Najwi~ksz~ przezroczystosciQ w6d (widzialno~6 kr~~ka Secchi'e
go) cechowalo sif2 jezioro t·1ajcz VJielki (po 5 m \~ okresach po cyr
kulacji i do 3 m \V okresach szczyt6w produkcji i biomasy fitoplcrt

ktonu) (rys. 4). N. ajnizsz~ przezroczystosc stwierdzono v1 okresach 
maksymalnej produkcji \~ jeziorze =.Jorzec (ok. 1 m) oraz w jezio

rach Inulec 1 Gl~bok~e w szczycie stagnacji letniej w 1977r.(rys.4) 
• \'Jyda·jnosc fotosyntetyczna fitoplanktonu w stosunku do PHAR 

(przyjfitej jako 45~~ calko\vitego promieniowania s\·Jietlnego) (rys.3, 

tab. I) jezior dochodzi!a w czasie wiosennego szczytu produfccj i w 

jeziorach Inulec i G!~bokie do ok. 2% oraz osi~ga!a \Nartosci ok. 
1,5% w czasie letniego maksimum produkcji w jeziorze Jorzec (tab. 
II ). Najnizszy procent energii S\-vietlnej wykorzyst)'\vaa:y glony \V 

jeziorze Majcz Wielki (maksymalnio 0,3%) (tab. II). 

Ocona dobo~ego wsp~~czynnika P : 0 (obliczoncgo przy za!o±e-

niu, ±~ wQgiel stanowi 5% swie~ej· masy glon6w) \"~ryk aza~ o najtvi~k

szg aktywno~t · fitoplanktonu w lipcu w jeziorze Moj cz Wiclki, \'I k t 6-

rym zagQszczenie fi toplanl<tonu bylo nie\Violkie (ok. 2,2) (tDb.III ) . 
, rJyook~ aktyVlJnos6 fotosyntetyczn~ fitoplanktonu s ttvie rdzono rorJ-
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nie~ w jcziorze Inulec w maju (ok. 1,0), w jeziorze Jorzec w lip
cu (blisko 2,0), zas W jeziorach G£~bo.kie i Zad:V·U~zek \,.Jartosci bli

skie 1.,0 st\vierdzono kilkakrotnie w CifJ9U ro-ku (tab. III ). 
AnalizujfJC zaleznosc produkcji fitoplanktonu badanych jezior 

od koncentracji podsta\VO\vych zwi~zk6w pokarrnovl'fch (azot i fosfor) 

\'J wodzie povJierzchniov.tej \111ykazano, iz najv.ryzsz~ produkcj~ ( ok. 

400 !Tlg cas~ m-~·godz; 1 ) odznaczalo 'si~ Jezioro Gl~bokie w ok rosie 

gdy etosunek \vagovJy mineralnych form N : P wynosia: ol<. 10, czyli 

by! najbardziej optymalny z punk t u ,, idzenia wymagan pokarmowych 
glon6\ftl ( rys •. 5, G)~ 

Letnie maksimum produkcji fitoplanktonu w badanych jeziorach 
. 

eutroficznych wyst~puje \V okresie sladowych koncentracji fosfora
n6l:~l vJ \vodach po~Jierzchniovyc~ (rys. 5), eo - zgodnie z v.rynikami 

badan . E j s m o n t - I( a r a b i n (1982) - \Vskazuje na inten
sywne \vykorzystanie przoz fitoplankton uwalnianych przez zooplant<-

. ton w procesie ekskrecji zwiQzk6w mincralnych fosforu. 
Analiza zmian sezonowych stosunku N ·: · P w t\fodach povJierzchnio

~vych 2 jezior eutroficznych - Inulec i :Jorzec - \"lskazuje ;Ze w okre

sie wiosennym czynnikiem limitUj@cym produkcj~ mo±e by6 fosfor {N : 

: P bardzo VJYsokie), zas v1 jeziorach GJ:~bokie i Zelw~zek azot (N : P 

ponizej 10) ( rys. 6). VI okresie letnim stosunek fJ : P \vynosi no 

ogoa: 10-30, czyli jest blizszy optymalnej· wartosci r6wnej ok. 10 . 
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