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ABSTRACT: A comparison of the primary production c14c), 
its PHAR efficiency, daily P : B ratio, and the composi­
tion, biomass and dynamics of the phytoplankton, zooplank­
ton and bacterioplankton ~ of the li ttora1 and profunda! ben-· 
thos,. as well as of the emergent and submerged vegetation 
of five lakes connected by the Jorka river indicates a con­
sistent pattern of mesotrophic status in L. Majcz Wielki 
(deep, dimictic), of eutrophic status in L. Inulec and L. 
Jorzec (shallow, with a high internal and external load­
ing), and of .. mixotrophic .. status in Gl~bokie L. (deep, 
dimictic) - originally mesotrophic, but at present enriched 
and polluted by an aquacul tu re ( Salmo gairdneri Richardsa1). 

KEY WORDS: Lake productivity, fish pressure, detritus, 
mesotrophic lake, eutrophic lake. 
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1. INTRODUCTION 

• 

The aim of the present paper is a comparison and analysis of 
the most important biotic and dynamic features and the overall 
productivity level of five lakes forming a system of morphometri­
cally and trophically ~ifferent water bodies connected by a small 
watercourse (r. Jorka, 12 km long, maximum discharge 1850 l·sec-1 ), 
the watershed of which, 63 km2 in surface area, represents part 
of a hilly, lakeland landscape, typical of the north-eastern re­
gions of Poland and of the lakeland belt of the central European 
lowland. . ... 

The analysis will take into account information on tropho-eco­
logical and biotic diversities, and on the occurrence of species 
and communities that are indicatory of lakes in a harmonious series 
from meso- to eutrophic status, with a particular consideration 
given to lakes of north-eastern Polnnd, studied on the basis of 

different sources (H i 1 1 b r i c h t - I l k o w s k a et al. 

1972, S p o d n i e w s· k a 1978, 1979, K a j a k 1983). The 

object of analysis will also be the specific features peculiar tQ 
each of the lakes of the Jorka river and related to their morpho­
metry, loading rates and direct impact of man. The present paper 
is entirely based on the results presented in the papers by D u­
s o g e (1983), E j s m o tl t - K a r a b i n, 8 o w n i k - D y-
1 i n s k a and G o d 1 e w s k a - L i p o w a (1983), G o-

.. 
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d 1 e w s k a - L i p o w a ( 1983), H i 1 1 b r 1 c h t - I 1-

k o w s k a and 4:.. a w n c z ( 198 3), 0 z i m e k ( 1983), P 1 a­

n t e r, ~ o w a c z ond T a t u r (1983), S p o d n i e w­
s k a (1903a), S t a~ c z y k o w s k a, Le wand o w ski 
and E j s m o n t - I< a r a b i n (1983), S z a j n o w s k 1 
( 1983), W ~ g l e ~ s k a, B o w n i I< - D y 1 i ~ s k a and 
E j s m o n t - I< a ' r D b i n ( 1983), Woroniecka-de 

W a c h t e r (1983). 

2. STUDY AREA 

The river Jorka lake system begins with L. Maj cz Wielk1 (A -

- 1.74 km2 , z - · 16.4 m, z- 6.0 m, dimictic, mesotrophic), the max 
wa tershed of which shows conditions favouring the persistence, at 
present and in the pnst, of a mesotrophic status of the lake (many 
woodlands and areas without surface drainage, low population den­

2 sity, annual phosphorus loa ding no~ exceeding 0.08 g • m- lake 
s u r f D c e a rea ) ( H i l 1 b r i c h t - I 1 k o w s k a and .r.. a­

w a c z 1983). Ptot concentrations are below or equal to70[JQ·l-\ 

i n spring there occurs a metalimnetic oxygen maximum (P 1 a n t e r, 
. 

~ a w a c z and T a t u r 1983), whereas the co~centration of 
• 

ca lcium in the bottom sediments comes up to 20% of dry wt, due to 
which the rates of P exchange in the sediment-water subsystem are 
very low ( P 1 a n t e r and W 1 s n ·i e w s k i ·- in press). 

The next l a ke, L. Inule~ (A- 1.61 km2 , z - 10.1 m, z-max 
- 4.6 m) is o very strongly eutrophic, shallow vVClter body with the 

highest P tot concentrations (~ 700 f.J9 • 1-1 ) in the luke systan 
under study, a nd \Vith a n invari~bly high percentage of Soluble 
Rea ctive Pho s phoru s (~50%). With a value of 0.08 g P · m- 2 of 
t he calculo tcd annual P loading, this indicates a very l1igh rate 
of intern a l loading from the bottom sediments (H i 1 1 b r i c h t-

I 1 k o w s k u a nd t. a w a c z 1983) 1 which is favoured by 
a long-las ting oxygen deficit nenr the bottom1 weak and moving ther­
mic gradient above the bottom, and a very low sorption capacity 
of the bottom sediments ( P 1 o n t e r and W i s n i e w s k i 

- in press). 

G l~bokie L. ( A - 0.46 k m 2 , z - 34.3 m, -z- 11.8 m, dim-_2max 
i ctic ) receives over 1 g P · m a year, 85% of which is derived 
from a rainbow trout ( ~almo gairdneri) aquaculture (H i 1 1-
b r i c h t - I 1 k o w s k a and L o w a c z 1983, P e n­
c z a k et al. 1982). Combined with a long-term and sharply ex-

• 
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pressed thermic gradient, a high proportion of the unmixed layer 
(of the hypolimnion) in the lake volume, and a metalimnetic 
oxygen minimum in summer ( P 1 a n t e r, t. a w a c z and 

T a t u r 1983), this creates conditions which - according 
to G 1 1 w 1 c z ' s ( 1979) concept - accelerate the eutro­

phication of this lake. With the relatively high Ptot con­
centrations ( ~ 250 pg · 1-1 ) this lake invariably shows a weight 

ratio of available N and P forms of the range 10-20 ( that found 

for the other lakes being 30-100), that is, close to the optimum 
( ~ 10) as determined from the point of view of food requirements 

of the algae ( H i 1 1 b r i c h t - I 1 k o w s k a and t. a­
w a c z 1983). 

The Jorka river drains G~Qbokie L., carrying its waters into 

the small, shallow, heavily overgrown L. ZelwQzek (A - 0.12 km~ 
z - 7.4 m, z- 3.7 m), inputing with them a P load of 

. max tot 2 0.81 g • m- ( H i 1 1 b r i c h t - I 1 k o w s k a and t. a-
w a c z 1983). From there the waters are carried on to L. ~o­

rzec, located at the lowest level in the \V.atershed (A - 0.41 km2, 
• 

z - 11.6 m, 
#"tJ 

z - 5.5 m), highly eutrophic, receiving discharge 
max 

from watercourses polluted with wastes from settlements and ara-
ble lands (these dominating in the watershed), and with a high 
through-flow rate (water retention time ranging from 3 to 5 

2 months). The annual P loading exceeds 1.0 g • m- ( H i 1 1-

b r i c h t - I 1 k o w s k a and L a w a c z 1983). Due to 
. 
.. an early deforestation, agricultural use of the watershed ( S t ·a-
s i a k and T a t u r - in press) and a strong impact of the 

surface waters, the bottom sediments of this lake are distin­

guishable for high contents of Al, Si and of Fe in particular (up 

to 4% dry wt ) ( P 1 a n t e r, t. a w a c z and T a t u r 1983)1 

as a result of which the rates of P exchange between the sedlments 
and the water are the highest in the lal<e system under study(P la­

n t e r and W i s n i e w s k i - in press). 

3. INTEGRATED, AVERAGE AND/OR f"lAXIMAL VALUES 

OF THE INDICATORS OF LAKE PRODUCTIVITY 

AND ABUNDANCE OF THE BIOTA 

All the basic indices, set up in Table I, of productivity and 
• 

abundance of communities clearly indicate a mesotrophic status of 

I 
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L. Majcz Wielki. This is evidenced by low T(rophic) S(tate)~ndex) 
values ( C a r 1 s o n 1977) estimated on S(ecchi) o(isc )read­
ings ranging from 45 to 55 which are, according to C a r 1 s o n 
(1977), threshold values for meso- and eutrophic states, the lo­
west, in the lakes under study, values of primary production and 
biomass of planktonic algae, bacterioplankton, zooplankton and 
especially crustaceans (Table I). But this lake shows the hiftlest 
density of submerged littoral vegetation which extends there to a . 
depth of 6.0 m (0 z i m e k 1983); this density is at least 
four times as high as that in the most fertile L. Inulec (Table I). 

Lake Majcz Wielki has a very abundant littoral benthos and a very 
2 high biomass of profunda! benthos (about 232 g • m- wet wt) corn-

posed almost exclusively of Chaoborus flavicans (Meig.) larvae 
(93%), although the biomass of other benthos components, i.e., Oli­
gochaeta and Chironomidae is also found to be the highest in the 

• 

lake ~ystem under study (Table I). According to the view held by 
D u s o g e (1983), it is the highest biomass of Ch. flavicans 
larvae found in the lakes of northern Poland, and it may b~ due to 
temporary or local aggregation of these larvae. The high abund~n~ 
of pro fundal benthos in this lake ( even \Vi thout the biomass of 
Ch. flavicans) should be the result of the absence of vas~ and 
long-term oxygen deficits at the bottom, whereas the large popula­
tion of Dreissena polymorpha (Pall.) (Table I)- of the h;gh cal­
cium concentration in the sediments (up to 20;6 in dry wt XP 1 an­
t e r, L a w a c z and T a t u r 1983). 

A high concentration of calcium in the sediments also deter­
mines a high contribution of Charophyta (about 53%) to the bio­
mass of submerged vegetation, and indicates a mesotrophic nature 
of. this lake · in the light of the botanical typology of the lake 
littoral (0 z i m e k 1983). 

The quantitative indices of pelagial and profundalproductivtiy 
of L. Inulec and L. ~orzec indicate a eutrophic status of these 
water bodies. The TSI is equal to 60 (Table I), i.e., peculiarto 
the status of advanced eutrophication, primary production amounts 

2 to 5443-8374 k:J • m - , mean phytoplankton biomass to about ~ mg ·l-1 

wet wt, and zooplankton biQmass to 9-10 mg • 1-1 wet wt ( therein 
the biomass of rotifers above 1 mg • 1-1 wet wt), whereas the a­
bundance of the bacterioplankton ranges from 10 to 15·106 cells·ml-1 

(Table I). The above values in general are characteristic of fer-
tile lakes. The density of profunda! and littoral benthos is typ-
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Table I. Indicators of the overall productivity and abundance of the biota in r. Jorka lake system 

Integrated or average values for the growing season (April-October) 

. . 

Littoral Pela gial 
. 

mecrophytes bacte-
g·m-1 dry wt Orei- phyto- rio- cru- total bent- photo- pro to- roti-for over- ssena pla nk- stace- zoo-2 synthe- pla nk- 8 8 Lake 1 ho s poly- TSI 6 zoans fers 8 plank-grown zone . 4 ton ton7 ans -2 Sl. S ton 

sub- 9 • m morpha 3 
2 (SO) 5 

mg·l-1 cells· mg·l-1 mg·l-1 
mg·l-1 

emer- wet wt -2 k~ • m- 6 wet wt wet wt mer- gent ind.·m wet wt •10 wet wt mg • 1-1 

ged in ml 
. 

. . 

Majcz no 
Wielki 200.2 data 34.5 510 2546 44.1 2.1 5.5· 0.21 0.50 2.56 3.4 

I nu lee 50.4 138.0 8.0 400 5388 60.0 8.0 14.7 0.60 · 1.22 
. 

7.81 9.6 
Gl~bokie 39.6 34.0 20.5 280 5878 57.4 4.6 15.8 0.24 0.68 4.20 5.1 
ZelwQ:Zek 4.0 129.0 9.5 175 4191 . 53.2 4.3 14.2 1.00 1.03 4.35 6.4 
Jorzec o. 03 92.0 11.5 130 8328 60.0 7.5 9.8 0.55 1.76 7.42 9 .7 

1Acc. to 0 z i 
tion. 2oata from ·o 
s m o n t - K a r a 
S p o d n 1 e w s k 
readings in summer. 
tions. 8oata from 
average biomass for 

\ 

. 

m e k (1983) for submerged, and ace. to S z a j n o w s k i (1983) for emergent 
u so g e (1983). 3oata from S tan c z y k o w s k a, Le wand o w ski 

Benthos )> 
:l in cen-
:l tral m 

pa rt 
- 2 ::t: 

g • m ..,. 
wet wt 1-' 

t-J 
0'" -, 
.... . 
n 
:T 
rt 

231.5 I 
H 

11.0 ...... 
;:; 

24.0 0 
~ 

15.0 CJ) 

'1\ 
6.5 m 

vegeta­
and E j­

b in (1983). 4oata .from W or on i e c k 
a (1983a). T(rophic) S(tate) I(index) ace. 
7oata from God 1 e w s k a-Lip o w a 
W ~ g 1 e n s k a, B o w n i k - D y 1 i n s 
epilimnion and stations. 

a-de W a c h t er (1983). 5, 6oata from 
to Car 1 son (1979 ) on S(ecchi) D(isc) 
(1983); average for epilimnion and two sta­
k a and E j s m o n t - K a r a b i n (1983) ; 
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ical of eutrophic lakes with oxygen deficits in the near-bottom 

layer (Table I). 
The above two lakes clearly differ in the density of littoral 

vegetation (Table I). In L. Inulec the biomass of emergent vege­
tation (reeds) is found to be the highest in the lake system un­

2 der study, amounting to 138 g • m- , while that found in L. Jo­
rzec - to as little as 92 g • m-2 dry wt (Table I). According to 
s z a j n o w s k i ' s ( 1983) data, this difference results pri­
marily from differences in the average shoot weight ( 4.39 and 3.03 g, 

respectively ) rather than from a different density per m2 of 
-2 overgrown area (31.5 and 30.5 ind. • m ). L. Jorzec is practical-

ly devoid of submerged vegetation (Table I), the range of which 

does not go beyond 1.5 m (0 z i m e k 1983). 

The quantitative indices of pelagial and profundal produc-
tivity of the remainder of lakes, i.e., GlQbokie and · ZelwQ:Zek 

(the latter being fed with waters from the former) are clearly 
inconsistent from the point of view of the trophic status. Both 
lakes, and Gl~bokie L. in particular, show a high primary produc-

-2 tion (5878 kJ • m ), even higher than that found for the eutroph-
ic L. Inulec (Table I); the summer TSI value amounts to 57.4 and 
is characteristic of the eutrophic status, while the very high 
numbers of the bacteri oplankton (16 • 106 cells • ml- 1 , the hig­
hest in the lakes under study) indicate a high fertility and/or a 
heavy pollution. Considering the high primary productivity indices 
and the abundance of heterotrophic bacteria, the biomass of the 
phytoplankton and that of the zooplankton seem to be particularly 

. 
low, and in Gl~bokie L. attention is attracted by a low also bio-
mass of rotifers and protozoans, practically of the range found 

• 

for the mesotrophic L. Majcz Wielki (Table I). The high biomass 
of littoral and profunda! benthos found in Gl~bokie L. makes it . 

also similar to L. Majcz Wielki, probably because of similar oxy-
gen conditions at the bottom in summer ( P 1 a n t e r, t. a w a c z 

and T a t u r 1983). 
• The above differences among the lakes reflected in the values 

of the overall productivity and abundance for the entire growing 
season are also illustrated with the maximal instantaneous values 
of the different trophoindicators, as well as the time of their 
occurrence (Table II). L. Majcz Wielki shows low and lowest val­
ues of the maximal daily photosynthesis (and consequently lowest 
efficiency of photosynthesis relative to photosynthetic active ra-
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diation, PHAR) , whereas maximal algal biomasses are recorded in 

spring (Table II). The maximal daily P: B values (daily · P: B 

ratio for the trophogenic layer) a re the highest in this lake 

(2.23, Table II), which is proof of a higher relative rate of 

phytoplonkton production in mesotrophic lakes ( H i 1 1 b r i c h t­

-I 1 k o w s k a 1977). 

Table II. The maximal values of phytoplankton activity and biomass 

in r. Jorka lake system based on the data of s p o d n i e w­

s k a ( 1983 ) and W o r o n i e c k a - d e ~~J a c h t e r (1983) 

Photosynthesis . Bioma s s Daily P: 8 ratio 

Lake 2 efficie-kJ• m-
time ncy time mg·l- 1 time ratio time 

•day -1 (PHAR) 

Majcz 
Wielki 24.7 July 0.31 April 7.6 t-1ay 2.23 July 

Inulec 74.3 April 1.93 
• 

April 31.0 August 0.91 May 

Gl~bokie 117 . 2 April 1.76 April 11.6 August 1.41 ~una 

ZelwQ:Zek 58.6 July 0.46 April1 10.0 Augu s t 2.07 :June 
( July ) . 

J orzec 175.8 July 1.46 :July 25.0 August 1.95 ~uly 

1The same value was noted in two months. 

f'1ost eutrophic, as judged from the maximal values of alga l bio­

mass and their being recorded in summer, are lakes Inulec and Jo­
rzec ( 25.9 and 31.0 • 1-1 wet wt, re s pectively, · Table II ) ; this 

level is 2-3 time s as high as that adopted · a s a threshold level 

for algal blooms, and equa l to 10 mg • 1-l wet wt ( S p o d n i e w­

s k a 1979 ) . In summer, a high algal biomass in L. J orzec cor­

responds with a very high, the highest in the l a ke s ys tem under 

study, da ily photosynthesis, as well as a high PHAR c f f i cicncy~ d 

daily P : B ratio (Table II). 

In Gl~bol<ie L. attention is attracted by a high, rel a tive t o 

the other lakes, maximal value· o~ daily photosyn thesis a nd a rela­

tively low maximal algal biomass recorded for the summer period 
(Table II). This indicates a tendency to a high photosynthetic ac­
tivity of algae, with their biomqss being relatively low. Due to 

this, the maximum daily P : 8 ratio for this lake (and L. Ze~w~­

zek) ranges from 1.5 to 2, being thus close to that for the mesa­

trophic L . Majcz ~Vielki (Table II). 

• 
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The pelagic primary production of the lakes under s tudy 

be compared with the productivity of other lakes, including 

Great tllasurian Lakes investigated by H i 1 1 b r i c 
. 

-I 1 k o \~, s k a D n d ~ p o d n i e ~v s k a ( 1 9 6 9), H i 

h 

1 

con 

the 

t-

1-

b r l. 
• c h t - I l k o \ v s k a e t D l • ( 1 9 7 2 ) , I< a j n k , H i 1 1-

b r l. 
• c h t - I 1 k o ~'" s k a and P i e c z y r1 s k a ( 1 9 7 2 ) , 

-,~ 

'- d El n 0 VJ s k i (1976), lC.Jftcr applying the appropriate correc­

tions for the measurement method1 • . 

The net primary productivity of lu k es such n s deep and highly 

eutrophic Hikod:aj skic L. (I< a J a k, H i 1 1 b r i c h t-I 1 k o-

w s ·k o and P ~ e c z y ~ s k a 1972), or sha llo\'J lokes also 

highly eutrophic lil<e Cza rnD (state prior to fertiliza-L. Kuta , 

t ion ; Z d a n o 'IV s k i 1 9 7 6 )· i s clearly higher than that of 

L. Jorzec, the most fertile lake in the river ~ori<D wate r shed, for 
-2 it rwnge s f ro~1 9000 to 12 000 kJ • m per growing season .A value 

similar to that found for L. Jorzec is recorded for L. ~niardwy, 

a large and moderately eutrophic woter body, or L. Ogal Maly, a 

smaller one, but stratified and .moderately eutrophic (about 7200-

-7600 kJ • m- 2 ). In the compurisons mDde by the above (.lUtt-ors these 

lakes are considered moderately eutrophic. In general, it may 

be stated tll~lt the average productivity level of the r. Jorka la­

kes (except L. r1nj cz ·.Jielki Dnd L. Zelw~i:ek ), ranging from 5500 
2 to 8500 kJ • m- per growing so8son, is rather similar to that re-

... 
corded in moderately eutrophic lakes, like L. Sniardwy and L. Dgaa: 

l"laly, mentioned above, or for instance L. Taltowisko with mesa­

eutrophic characteristics, whose net primary production amounted 

to about 6300 kJ • m-2cH i 1 1 b r i c h · t- I 1 k o w s k a and 

S p o d n i c w s I< a 1969). 

Not forgetting that the Dbove comparisons may be only approx­

imate, one gets the impression that phytoplankton production in 

the lakes of the r. :Jorka watershed is relatively lower than thDt 

of lakes of the similar trophic stat us, especially of larger lakes. 

1 In the original studies primary production was measured by 
the oxygen method, so the result is gross _production. To be able 
to compare this vv i th the results obta ined by using the 14c method 
applied by W o r o n i e c k a - d e ~ a c h t e r (1983) ( the 
result being close to net production), it is necessary to subtract 
about 20~ representing the contribution of algal respiration to 
gross production. Used in the comparison were only harmonious,non­
-dystrophic lakes and those that are not subject to dystrcphication, 
as well as the state of the particular lal<es prior to their cha~e 
due to different treatment ( fertilization, fry introduction). . 
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1\ p a r t i c u la r 1 y i r.t p o r t an t d i a g nos t i c f ea t u re o f the t r o phi c 

state of lakes is the value of the summer phytoplankton biomassof 
the surface layers ( S p o d n i e w s k a 1978, 1979). /-\lgal 

biomass values found by S p o d n i e w s k a ( 1983b) in 43 

lak~s, differing in their trophic status and mixis, have been 

used by I< a j a k ( 1983) for e n analysis of the degree of l a ke 

eutrophication as rneasured by the summer total P concentration in 
the surface layer. I< a j a k ( 1983) has suggested three clas­

ses: lakes of low, medium and high fertility witha specific range 

of total P concentration (see also Hi 1 1 b rich t- I 1 k o-

v<~ s k a and t. a w a c z 1983), different in dimictic lakes 

(with summer stratification) and in polymictic lakes c~vithout st rat­

ifie~tioh or with variable stratification in summer). Correspond­

ing \\fith these classes are ranges of biomass values of the phyto­

plankton (summer), zooplankton and profunda! benthos, although it 

must be noted that the dispersion of the above parameters • 
~n a 

class is large, and tho ranges for successive classes overlap. 
On account of its summer phytoplankton biomass ( 2.6 mg ·1-l ~·Jet 

wt) ( ~-t~~le II) L. f'1ajcz Wielki clearly belongs to the class of 
• > 

dimidt·ic, low-fertility (range ace. to K a j a k 1983 - 0.39-

-7.84 mtJ • 1-1 wet wt ) lakes, while Gl\?bokie L. ( 11 .6 mg • 1-1 , 

Taqle II) - to medium-fertile lakes ( range ace. to I< a j a k 

198~ - 6.59-29.37 mg • 1-1 wet wt). Shallower lakes with a tend­

ency to polymixis, or clearly polymictic lakes, lil<e L. Inulec and 
L. ~orzec ( 31 and 25 mg • 1-1 , Table II ) a.re within the range 

of medium- fertile, non-stratified lakes ( range: ace. to I< a j a k 

1983- 9.8-68.7 mg • 1-1 wet wt), and L. Zed.:w~zek . (10.3 mg • 1-1 

wet wt, Table II) belongs to low-fertility (range ace. to I< a-

j a k 1983- 1.3-27.5 mg • 1-1 wet wt) lakes of this mictic 

group. fhe allocation of the r. ~orka lakes to the above classes 

in terms of the summer phytoplanl<ton biomass is consistent and 

identical with their classification in terms of total P concentra­

tion ( H i 1 1 b r i c h t - I 1 k o w s k a and t.. a v1 a c z 1983), 

and o ~~ the whole it suggests that these lakes belong to low- or 
medium-fertility systems. 

The mean values and ranges of zooplankton biomass(without pro-

·tozoans) and of profunda! zoobenthos in summer, which correspond 

with the lake groups distinguished on the basis of total P in 

i< a j a k' s (1983) classification, do not constitute a real 

gradient, because the dispersion is even larger than in the case 

https://6.59-29.37
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of 8lg8 1 biomnss, and to ~ con s iderable extent overlapping forthe 

s uccessive classes. However, noteworthy is the fnct that the sum-

me r zoopl e1 nkton biomass values (of the range of 9-10 mg • 1 -1 nee. 

t Q the dot£) f -rom ·.J Q g 1 e n 5 k C) 1 [3 . Q ':/J n i k - u y 1 i rl $ k () . 

a nd E j s m o n t - I< a r a b i n 1983 ) recorded for L. I nu­

lee and L. Jorzec are found among both medium- and high-fertility 

(in terms of tot a l P) polymictic lakes (ace. to K a j a k 1983, 

the rar1ge for both these groups is 2.4-9 mg • 1-1 ), whereas those 

recorded for Gl~bokie L. (8.5 mg • 1-1 )- among high-fertilitydim­

i c t i c 1 a k e s , and , fin a 11 y , those for L • t,1 a j c z VJ i e 1 k i ( 5 • 3 m g • 1-1 ) 

among low and medium-fertility dimict~c lakes. 

Profundal benthos biomass values (leaving out the unusual 

q u a n t i t y found in L • 1"1 a j c z \'I i e 1 k i ) recorded in summer in the r • 
• 

Jo rka lakes (6-24 g • m-2 ) are found in lakes with a low, and in 

th ose with a ·medium content of phosphorus (I< a j a k 1983). 

A comparison of some indices of bacterioplankton abundance in 
• 

the r. Jorka l~kes, na mely the annual average and total numberof 

bacteria in one ml of surface water (Table I) with the correspond­

ing values summarized by God 1 e w s k a-Lip o w a (1977) 

for lakes differing in their trophic status shows a similarity of 

values for meso- or mesoeutrophic lakes, like Majcz ~Vielki, Mam­

ry, Taltowisko (values around 5 • 106 cells · ml-1 ). The range 

found in the other lakes of the r. ~orka (9.8-15.8•106 cells•ml-1) 

is similar also for lakes like Miko~ajskie, Nidzkie, Beldany,i.e., 

deep and eutrophic. They are, however, clearly lower(even in pol­

luted lakes, like G~~bokie L. or L. Jorzec) than the values re-

corded by G o d 1 e w s k a - L i p o w a 
• 

( 1977) for heavily pol-

luted lakes, like, e.g., L. Czarna Kuta(values of the range of 

20.0-60.0 • 106 cells • ml- 1 ). 

4. SPECIES- AND GROUP-COMPOSITION OF THE LAI<E BIOTA 
• 

The basic feature common to all the r. ~orka lakes, found by 

S p o d n i e w s k a (1983a), is a relatively high nannoplank­

ton biomass, expresed by both high ( as a rule of the range of 50%) 

annual average and maximal values (Table III). Pr~ctically half 

the phytoplankton biomass of the r. Jorka lakes belongs to species 

of small algae (below 30 f-lm · ) which are found te be particularly 

abundant in both the eutrophic lakes, Inulec and Jorzec ( annual 
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Such a situation is found not only in L. Majcz Wielki - the most 

mesotrophic lake in the system analysed, but also in Gl~bokie L. 

and in L. Zelw~zek (Table III). 
Table IIl also contains data on the occurrence of groups or 

spec ies known to be indicative of the trophic status, hence best 

documenting the biotic similarities and differences among the la­

kes studied. 

According to R o s e n ( 1901) and !::J p o d n i e 'v s k a 

(1983b), species of the genus lJinobryon are more abundant in mesa­

or mesoeutrophic lakes, it is therefore understandable why the 

highes t average and maximum values of their biomass, ard of their 

p e r c en t a g e a re re c o r de d f o r L • r"i a j c z Wi e 1 k i ( Tab 1 e I I I ) • l3 ut a t­
ten tion is attracted by fairly high biomass levels of this group 

being found also in GlQbol<ie L. (Table III). According to R o­

s e n (1981) and S p o d n i e w s k a (1983b), Euglenophyta 

are particularly numerous in very fertile or heavily polluted la­

kes , hence their ab~ence from L. Majcz ~ielki is obvious, and so 

a re their fairly abundant occurrence and percentage in Gl~bokie L. 

and L. Jorzec which receive sewage (Table .1. II). 

As has been known, the numbers and proportion of blue-green 

a lgae in the phytoplanl<ton biomass, as well as their species-com­

position, a re a good diagnostic character indicative of the tro­

phi c status of a lake. The lowest blue-green algnl biomass and 

pe rcentage are found in the mesotrophic L. Majcz ~Jielki, whereas 
in the other lakes blue-green algae a re rnore numerous •. but their spe­

cies co~position varies (Table III). A composition most typicalof 
an advanced eutrophication was found by S p o d n i e w s k a 

(1983a) in L. Inulec where blue-green nlgal biomass came up to 
11 mg • 1-1 , and the dominant species was Oscillatoria agardhii 

Gomont (90~), and Aphanizomenon, Microcystis and Anabaena, that 
is, typical .. hypertrophic" genera, w~re also abundant. Dominant 

among the blue-green algae of Gl~bokie L., the abundance of which 

is as high (Table III) as that in L. ZelwQi:ek, is Gomphosphae­

ria lacustris Chodat, a species for which R o s e n ' s (1981) 
• 

ana lysis of 1250 different Scandinavian l~l<es has revea led a ten-

dency to occur in less productive environments. In L. Jorzec no­

ticeable is n relatively low blue-green algal biomass s e'Veral times 

lower than in the remaining lakes. Uominant in the summer phyto­

plankton of this lake is Ceratium hirundinella, a species that 

R o s e n (1981) considers characteristic of moderately eutro-
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phic lakes. S p o d n i e w s k a ( 1974) has demonstrated that· 
. 
it is this species that shows the strongest reaction to the eutro-

1 Table IV. Relative occurrence of I< a r a b i n ' s "mesotrophic" 

and "eutrophic" groups of plankton crustaceans and rotifers in r. 

Jorka lake system (based on the data of VJ fi g 1 e ri s k a,8 o w­

n i k - D y 1 i n s k a and E j s m o n t - I< a r a b i n 1983) 

+ low relative biomass, ++ high relative biomass 

Majcz Inulec Gl~bo- Zelw~- Jorzec Group, species 
~vielki kie zek 

Group I - "mesotrophic" 

Conochilus hippocrepis 
Schrank + - . - - -

Bipalpus hudsoni Imhof + - - - -
Polyarthra major Burhardt + - - - + 

Gastropus stylifar Imhof + - + + -
• 

Heterocope appendiculata 
(G. o. Sa rs) + - - - -

Bosmina coregoni longispi­
na (Leydig) + - - - -

B. crassicornis crassicor- + - - - + 
nis (Lillieborg) 

Cyclops bohater Kotmi~ski + - - - -
Daphnia hyalina (Leydig) + + + + + 

D. cristata G. 0. Sars + + + + + 

D. cuculla ta G. 0. Sars + ++ + ++ ++ 

Group II - "eutrophic" 

Brachionus angula ris Gosse - + + + ++ 

Keratella quadra te MUller - + + + + 

Pompholyx sulcate Hudson - ++ ++ - ++ 
.. 

Chy~orus sph a ericus (0. F. 
r-1 0 I le r) - + + ++ ++ ++ 

Diaphano s oma brachyurum 
( Lievin) - ++ ++ ++ -

KeratellD cochleari s tecta 
Gosse2 + ++ + + ++ 

(<1)_ (12.8) (<1). (1.5) (7.2) 

1According to K a ra b i n ' s (1982) classification based 
on the occurrence mainly in meso- or mesoeutrophic lakes (TSI ~45-
-55 ( "mesotrophic group") and/or in moderate and highly eutrophic 
laKes (TSI ~55) ('•eutrophic group .. ). Occurrence in terms of re­
lative and/or absolute abundance or biomass. 2rn brackets relative 
abundance in plankton rotifers community, in per cent. 
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phica tion of Mikolajskie L ., as evidenced by the elongation, from 
year to year, of its blooming period, and the increase in abund­
ance. 

• Table v. Relative occurrence o f indicatory specJ.es of protozoans 
i n r. Jorka l a ke s ys t em ( data of B o w n 1 k - D y 1 i n s k a in 
w {t g 1 e ri s k a, B o w n i k - 0 y 1 i ri s k a and E j s-

m o n t - K a r a b i n 1983) 

+ low numb e rs, + + high numbers 

Majcz G!~bo-Species Inulec ZelwQ- Jorzec \Vielki kie zek 

Oxybionts : 
Coleps hirtus Nitzsch + ++ ++ ++ . ++ 

Tintinidium fluviatile 
Stein ++ + + + + 

Vo r t i cell a sp • + + + ++ ++ + 

Stokesia vernalis Wen rich ++ + ++ ++ + 

Saprobionts: 

SaE rodinium dentatum - - + - -
Lauterborn (polis.) 

Colp idium co l poda Ehren- - - - - + 
berg ( Bmesos.) 

Euplotea _pa tel la (0. F • - - + - + 
MUller) (Bmesos .) 

M eto~u s es (0. F . Muller) - - + - + 
( p oiis.~ 

• 

The r e l a tive abundanc e o f selected zooplankton species(Tables 
IV , V) evidences in a summarized way the differences among the 
lake s in respect of their trophic status and effect of pollution. 
The bi oi ndicative value has been utilized of various ciliate species 
( Table V) , as wel l as K a r a b i n ' s (1982) classification 
sys tem rela t i ng t o indicator .groups of rotifers and crustaceans. 
This system is based on a detailed analysis · of the biomass value 
of the va rious species of pl ankton crustaceans and rotifers in 
t he summer zooplankton in 50 lakes of north-eastern Poland, dif­

fering in their trophic status (in terms of Ptot concentration), 
mixis and pollution. K a r a b 1 n ( 1982) has distirguished three 
groups of species differing in their trophoindicative value: group I 
- with a t endency towards a .greater abundance (in terms of re-

https://specJ.es
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lative and/or absolute biomass) i~ lakes with a TSI (SO) value be-
.. 

low 45-50, that is, meso- and mesoeutrophic, group II - more abun-

d8nt in lakes with a TSI (SO) value above 55, that is, moder-

8tely- a nd highly-eutrophic, and group Ill (the most numerous) .­

indifferent, tha t is, without a clear preference of a specific la­

ke group, therefore without importance for the determination ofthe' 

trophic s t a tus of a lake. 

In general, group I species are found to occur (Table IV)only 
• 

and/or in considerable numbers in L. Majcz Wielki, and in Gl~bo-

kie L. except three species of Daphnia which occur in all lakes. 

Group II species are found primarily in lakes Inulec and/or ~o-

rzec, or in a ll the lakes unde~ study except L. Majcz \Vielki. 

In the case of ciliates a visible effect of pollution is evi­

denced by the presence of saprobiontic species in polluted lalces, 

that is, G!EJbokie L. ( rainbow trout aquacul tu re ) and L. :lo rzec 

(receives farm sewage.)(Table V). Conversely, species with a pre­

ference of mesotrophic waters with good oxygen conditions are on 

the whole more abundant in L. Majcz Wielki than in the other la­

kes. ·rhe ciliate Vorticella is found in larger . numbers in both L. 

~lajcz Wielki and GlQbokie L. (Table V). 
Changes in the three indices of the community structure also 

evidence the above differences among the lakes (Table VI). They 

are: the index of biomass diversity ace. to Margalef (Hb), cal­

culated for crustaceans, and two ratios: predator biomass to non­

-predator biomass ratio (B : B ), and Cyclopoida biomass to Ca-
p np 

lanoida biomass ratio ( Bcycl : Bcal ) which have been discussed in 

detail along with the calculation methods in W Q g 1 e ~ s k a, 

B o v1 n i k - D y 1 i ri s k u and E j s m o n t - I< a r a b i n 
.. 

(1983), Referred to crustacean biomass, the Hb index on the whole 

decreases in aquatic habitats changed due to a stress factor, in­

cluding the trophic factor. Its usefulness in the description of 

structural changes in response to a stress factor has been demons-
. 

t rated, e.g. , by G i 1 j a r o v ( ~ 972); E j . s m o n t - K a-

r ab in et al. (1980) found its decrease in fertilized lakes. 

K a r a b i n (1982) has demonstrated the usefulness of this 

index, as well os of the other two indices in a description of 

structural changes in the zooplankton ~ith progressing lake eu­

trophication. In general, tl1e more advanced the eutrophication o·f 

a lake (in terms of Ptot' SO or phytop~ankton biomass), the lower 

the Hb index, and the higher the B : Bnp and 8 : 8 
p eye 1 ea 1 
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Tab 1 e V I • n i o m a s s · dive r si t y index ( : I b ) 1 f o r c r u s to c a a n s , a n d t ~·1 o 

indicators of tro phic structure in the zooplankton: J : 0 , the 
P np 

ra t i o of predvtors' biomass to non-predators' b io~ass and s ycl : 
9 

: ~ cal ' the ratio of cyclopoid biomass to c a l o noid bio~as s l in r. 

J or k o 1 o k o s y s t e r.1 ) ; d a t a f r o m l·V (d g 1 e r', s k a , 0 o w n i k -

- D y 1 t r'1 s ~{ n a n d [ j s m o n t - I< a r D b i n ( 1 9 8 3 ) 

La ke Hb 8 • • B B $ 8 p np cycl ca l 

r~ aj cz VJielki 1.8 0.53 0.6 
• 

Inulec 1.6 0.66 1.3 . 

G J:~bo k ie 1.9 0 .• 42 0.84 

Ze J:vv~zek 1.6 0.63 o.aa · 
~orzec 1.5 0.67 1.4 

1Acc. to G i 1 j a r 0 V {1972). Meth­
od of calculatiori in W ~ g 1 ens k a,B a­
w n i k - 0 y 1 i n s k a and E j s m a· n t-
- l< a r a b i n ( 1983). 

ra tio·s. In the lake s ystem analysed, L. t'laj cz ~-Jielki a nd Gl ~ bokie 

L. show a clearly higher (although only 
• 

slightly) Hb (Table VI) 

t ha n that found for the remaining lakes, and for L. Majcz VJielki 

additionally the lowest values of the oth~r indices are found. 

The highest trophic-structural 
' 

indices are found for both the eu-

trophic lakes - L. Inulec and L. ~orzec (Table VI). 

The higher species diversity iecorded in the mesotrophiclake s 

r ela tive to the more eutrophic ones concerns not only the zoo­
plankton, but also the zoobenthos, both littoral and profundal.In 

t he littoral of Gl~bokie Lake D u s o g e ( 1983) recorded 9 

t axa of Chironomidae, and in the littoral of the other lakes - 7-
-8 ; the distinctive taxon was Stictochironomus e.g. his trio (Fabr.). 
Greater differences are fou~d in the profunda! zone of lakes. The 
~ umber of taxa found by D u s o g e (1983) in L. Majcz Wielki 

a nd in Gl~bokie L. was 4-5, and in the other lakes - 1-2. Tanytar-
sus e.g~ gregarius Kieff. ( a species known to be characteristic 

• 

of a well-oxygenated bottom) and Ortocladinae are found only in 

t he former lake, and present only in the latter lake are Crypto­
chironomus e.g. defect us ( Kieff.) and Limnochironomus e.g. nervo­

sus (Staeg.), while Chironomus f.l. anthracinue Zett. is present 

only i~~ hese two lakes. 
"' . I 

https://profundal.In
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5. SEASONAL PATTERN OF PLANKTON ABUNDANCE, 

AND THE DYNN~IC S OF SESTON AND ITS ABIOTIC FRACTION 

In the part studies c a rried out by G o d 1 e w s k a - L i p o-
• 

w a 1983 , S p o d n i e w s k a 1983a , and w ~ g 1 e n s k a , 

B o w n i k - D y 1 i n s k a and E j s m o n t - l< a r a b i n 1983 

the seasonal dynamics of the particular plankton components was ana-
• 

lysed in detail. On the basis of these analyses it is possible to dis-

Phytoplonkton Bacterioplankton 

Majcz Wielki Majcz Wielki 

Jorzec 
!nu lee Jorzec 

~ ~ • ~ t:3 lnulec ~ ~ , <::) ,<::) 

ci5 ci5 GTebokte 
GTebokie 

c 

c ZeTwoiek leTwaiek • 
t 

AMJJASON 
Zooplonkton Months 

Majcz Wielki 
GTebokie 

t 

Jorzec 
lnulec 
leTwaiek • 

• 

A M J J A 
Months 

Fig. 1. Types of seasona l biomass dynamics of phytoplankton , bac ­
terioplankton a nd zooplankton in r. 0orka lakes (ace. to G o-
d 1 e w s k a - L i p o rJ a 1983, S p o d n i e w s k a 1983a, 
\'J ~ 9 1 e n s k a , B o w n i k - D y 1 i n s k a . and E j s -

m o n t - 1< a r n b i n 1983) 



819 Biotic structure and processes in a lake system 

tinguish speci fie types of seasonal dynamics ignoring in this case the 
.a bsolute quantities. as well as any secondary changes in abundance 
(secondary peaks or depressions), but taking into account the suc­
cession and times of successive abundance peDks, ns well as t~ir 
relative height (Fig. 1). Seasonal variations in abundance so 
smoothed indicate further differences among lakes, generally con­
sistent with both the overall productivity level (Section 4) and 
th e biotic structure (Section 5). 

The type of dynamics of all the three plankton components(Fig. 
1 ) an a 1 y sed in L • 1'1 a j c z ':'J i e 1 k i i s in gene r a 1 c ha r a c t er i zed by one 
clea rly marked peak of abundance taking place in early spring(phyto­
plankton), early or lQto spring (various zooplankton groups) or 
summ er (bacterioplankton). Such o "one-peak .. type od dynamics of 
individual plankton components is most frequently encountered in 
low-fertili ty \mesotrophic lakes. A different type of seasonal dy­
namics of the plankton is found in lakes Inulec and Jorzec: an a­
bundance peak of the phytoplanl<ton is recorded in spring (a smal­
ler one) and then in lnte summer (very high), this being a typ­
ical situation found in fertile, eutrophic lakes; high levels of 
numbers of the bacterioplankton practically persist throughoutthe 
summe r period (that is to say, D growth in abundance fo~lows the 
spring phytoplnnl<ton bloom and .continues until SefJtcmber), while 
the type of dynatnics of the zooplankton varies considerably, show­
ing many pealcs and a tendency to grow in abundance in Mey-June, 
Augus t and October. Individual abundance peaks may show a great 
varia tion, depending on the groups they concern (ciliates, ro-
ti fers or crustaceans) (cf. W ~ g 1 e ~ s k a, 8 o w n i k - 0 y-
1 i n s k a and E j s m o n t - K a r a b i n 1983). 

Noteworthy is, however, th e type of abundonce dynamics of the 
plankton in GlQbokie L. and in L . Zelw~zek which is connected with 

it . In the case of zoopl onkton thi s type cleorly resembles that in 
L. Majcz Wielki, but the spring peak occurs slightly later.Though 
it is higher than the spring peal<, the summer phytoplankton peak 
'occurs earlier (end of July), hence the type of phytoplankton dy­
namics in these lakes shows intermediate features between the "me­
sot rophic type" ( L. Maj cz Wielki) and the "eutrophic type" ( L. Inu­
lec and L. Jorzec). The bacterioplankton invariably tends to grow 
in numbers from the beginning of summer until autumn, which seems 
to be the result of the fertilizing effect of the rainbow trout 
aq uaculture. It is in the period from August to Octoberthatabout 
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Fig. 2. Seston and bioses ton dynamics ( mg · 1 -1 dry v1t) in surface 
layers of r. ~orka lakes in the period ~une-November, 1976, and 
the percentage of abioses ton and bioses ton in total seston ( ace. 
to data from G o d 1 e w s k a - L i p o w a 1983, P 1 a n-
t e r, ~ a w a c z and T a t u r 1983, S p o d n 1 e w-
s k a 1983a, W ~ g 1 e n s k a, B o w n i k -D y 1 1 n s k a 

and E j s m o n t - K a r a b i n 1983 ) 
1- seston, 2 - bioseston, 3 - percentage of abioseston, 4 - per­

centage of bioseston 

50~ of the yearly load of nutrients is released by the culture po-

pulation ( P e n c z a k et al • . 1982 ). 

Given the biomass dynamics of the phyto-, zoo-
r 

and bacteria-

plankton for the lakes analysed, and the dynamics .and abundance 

of the seston evaluated by P 1 a n t e r, ~ a w a c z and T a­

t u r ( 1983) for the surface layers of four lakes in the r. ~or­

ka watershed, it is possible to assess the abundance of the abio-
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seston, that is, that p~rt of seston which consists of: dea d par­

t iculate organic matter, i.e., detritus of particle size above 
o.4 ~m, and mineral particles derived from the suspension brought 

i nto lakes by tributaries or arisen as a result of dust fall.Abio­

seston weight will, therefore, each time be the difference benveen 

t he sum of the weights of the living seston fractions, and the 

t otal seston weight. As P 1 a n t e r, ~ a w a c z and T a­
t u r (1983) assessed the concentration of seston in dry weight, 

and the biomass of living fractions was assessed in wet weigh t, 

i t \'\tas assumed that the dry weight represent 20% of the wet weight 

i n bacterioplankton and 10/6 in phyto- and zooplankton. 

According to Ostapenija et al. (1973), the weight of abioses­

t on (calculated as mentioned above) and its dynamics show re­
gular differences among the lakes of different trophic sta tes. In 

high-productivity eutrophic lakes there is a higher percentage of 
. 

the dead fraction of seston, especially immedia tely after periods 

of maximum algal biomass production and cumula tion, tha n in l ow­

- productivity mesotrophic or mesoeutrophic l a kes. In the lake s of 

t he r. ~orka the dead seston fraction clearly domina tes over the 

l iving fraction (Fig. 2), but in L. Najcz ~ ·J ielki a nd G!.Qbokie L. 

i ts proportion is smaller than in the two eutrophic lal<es, Inulec 

and ~orzec. 

6. EFFECT OF NATIVE FISH FAUNA PR ESSURE 

AND OF FISH AQUACUL TURE ( SALfvlO GAIRDNERI) 

ON THE ABUNDANCE OF PLANI<TON 

The impact of planktonophagous stages (fry) or species (main­

l y Coregonidae) or~ zooplankton dynamics and abundance in gene r al, 

a ~d large-bodied species and crustacean stages in particular, has 

been commonly found not only under pond conditions (a very high 

predatory pressure of fish), but also in l a kes, in all cases of 

a changed composition and/or abundance of native or introduced 

fish fauna (e.g., K e r f o o t 1981). This impact is often so 
strong that it overshadows changes connected with the eutrophica­

t ion, regardless of the input of nutrients from outside the eco­

system (a review of the problem in H i 1 1 b r i c h t - I 1 k o-

w s k a 1980). • 
In the lake system under study the fish may exert an inf lu­

ence in two ways: (1) as the effect of autochthonous ichthyofauna 

( a selective predator) on the occurrence of zooplankton (e special-
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ly of crustaceans) in all the r. J orka lakes, depending on the 

composition and numbers of the fish, and a lso (2) as the impact 

of faeces and rainbow trout metabolites, released from pOint-sources, 

i.e., aquaculture cages, which hove a fertilizing effect on all 

the plankton components, and should af fect their spatial distribu­

tion relative to the source of pollution . This is a particular 

case - Gl~bokie L. 

According to P e n c z a k et al. (in press), fish catches 

(including non~coregonids) in the l<.lkes of the r. Jorka are poor 

or very poor (Table VII), below the ave ragci for l a l~es in north­

-eastern Poland, estimated at 25-35 kg • ha-1 • ;,n exception is Gl~­
bokie L., a typical "bleCJk" lake, where CCJ tchcs of r ninbow trout 

run-a\vays fro~ 1: the c a :J8 nquo cul tu re, as well os of regularly in­

t rod u c e d b 1 ea k s a re f '-1 i r 1 y hi g h , n rn o u n tin g t o 50 kg • h D -
1 • I t ro o y 

be presumed that it is in this lake that the possible affect of 

planktonophagous fish on lorge-bodiod crustaceans can be most sig­

nificant. Among the members of the crustacean community most read-

ily selectod by this type of predator a re l o rge-bodicd species, 

Table VII. The yearly fish harves t (average for severol years) 

in r. ~orka lake system, and the uverage summer abundance of 

dophnido end diaptomids 

Data of P e n c z a k et al. (1982) and W ~ g 1 e ~ s k a, 

8 o w n i k - D y 1 i ~ s I< a and E j s m o ri t - K a r a­

b i n ( 1983) 

Abundnnce of daphids1 and 
Domina- diaptomidi2 Fish harvest ting ( ind. • 1- ) Lake hu- 1 ) • (kg • spec~es EudiaE-D. c. o. h. o. cr. tomus 

- ._ 

..... 

Majcz Wlclki no data., no data 34 3 1. 5 . 66 
. Inulec 19.4 bream 85 6 3 91 

Gl~bokie 52.0 bleak 39 3 1 110.5 
trout 
(wild) 

Zelw~zek 12.8 tench 88 1 8 

~orzec 20.9 breCJm 84 3 3 72 

1o(aehnia) c(ucullata), D. h(ya~ina), D. cr(ist a t a ). 2Eudiap­
tomus gracilis and E. graciloides. No exact data but fishharvest 
certainly below 15 kg • h-1. 

62 
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l ike daphnids and diaptomids. An ana lysis of their average num­
bers in the epilimnion of the r. Jorka lakes (\V ~ g 1 e ri s k a , 
B o w n i k - D y 1 i ~ s k a and E j s m o n t - K a r a b i n 
1983) did not reveal any significant differences that · could be 
ascribed to limiting effect of fish predators ( Table V~I). Their 
possibly strongest effect in Gl~bokie L. has no t been 

' 
confirmed 

either, since the abundance of, e.g., diaptomids there is l a r~ 

t han in any other lake in the system considered. However, atten­
t ion is attracted by the fact t~at the abundance of Daphnia cucul­
la ta in L. Majcz Wielki and in Gl~bokie L. in summer is over~ice 
l o\'ver than in the other lakes (Table VII). This is true primarily 
of June when the abundance found in the two lakes does not exceed 
80 ind. • 1-1 , while in . the other lakes it comes upto260ind. • 1- 1 

(W Q g 1 e ri s k a, B o w n i k - D y 1 i ~ s k a and 
• 

E j s-
m o n t - K a r a b i n 1983). In addition to the many similar 
f eatures of zooplankton structure the two lakes, L. Majcz Wielki 
and Gl~bokie L., also show a similar level of numbers of daphnids. 
A presumption may thus be ventured that this results from eithe r 
s imilar trophic and morphometric features in both lakes, or a 

s imilar level of predation by planktonophagous fish (GlQbokie L.) 
or by invertebrate predators ( L. Majcz Wielki). The former ca use 
seems· less likely than the latter: though they have a lot in corn;.. 
mon as regards the structure and dynamics of zooplankton, the t wo 
l akes differ significantly in primary production and biomass, and 
i h the composition of the phytoplankton (compare preceding sec-
t ions). Daphnids are easy to notice, and are therefore readily se­
l ected by both · eye-orientated fish ( K e r f o o t 1981 ) and Cha­
oborus larvae (Pastor o k 1981). The effect of their se­
l ection may be more marked upon the most numerous species, like 
Daphnia cucullata, one of three daphnid species. 

Set out in Table VIII are data illustra ting the fertilizing 
.effect of a point-input of organic matter and nutrients represent­
ed by the rainbo~ trout cage aquaculture in Gl ~ bokie L. ~n the 
vicinity of the cag~s at leas~ 5 times higher bacterioplanktoncon­
centrations, with a clearly lower percentage of coccoid form s in 

favou·r of rod-like and stick-like forms, are found throughout t he 
summer period. The concentration of phytoplankton is olso high e r , 
With a clearly pronounced domina nce of Gomphospha eria l acustris 
and Ceratium hirundinella. The presence of a qu aculture cage s has 
t he weakest, and probably temporary, effect on the distribution o f 



.

824 Anna Hillbricht-Ilkowska 

zooplankton groups, the most affected of which appear to be 
protozoans, \followed by rotifers, crustaceans showing the smallest 

changes (Table VIII), that is to say, the strongest is the r~ac-
tion of the zooplankters feeding almost exclusively on 

. 
microbial 

biomas·s. 

7. SUMMARY 

As a result of wide-scope ge~chemical and hydrochemical stud­

ies, the main results of which have been presented in paper I of 
the present series ( H i 1 1 b r i c h t - I 1 k o w s k a and 

~ a w a c z 1983), and of detailed biol~gical studies presented 
in further papers of the series, and dealing with five lakes and 
their watersi"\e~s located on a small YJatercourse ( the ~orka river, 

about 12 km long) it can be stated that: 

1. The lake located at the highest level in the watershed un­

der st~dy, i.e., L. Majcz Wielki, represents a system where the 
nature and impact of the watershed (at present and in the past), 
very low external loads of nutrients and absence of points of pol­
lution determine a low productivity of the lake and its mesotroph-

. 
ic status. All the characteristics considered indicate a ·con-

sistent pattern of a mesotrophic lake system: a low level of pri-

mary production, out a 
, 

high daily P : B ratio, a low biomass of 
plankto~ components, but a high biomass of submerged vegetation 
(Characeae being dominant) and of littqral and profunda! benthos 

(Tables I, III), a "flat" or one-peak type of dynamics of the 
plankto.n · and its different components (Fig. 1), absence of blue-

-green algae from the phytoplankton and dominance of nannoplank­
ton and. species of the genus Dinobryon (Table III), the large 
species diversity of different biota (Tables IV, V), low B : 8 p np 
and B : B ratios, and a high crustacean biomass diversity eye 1 ea 1 . · 
(Hb) (Table VI), the lowest percentage of abioseston in the sum-
mer seston (Fig. 2). 

2. The richest ( in terms of P content in the water), of the 

lakes discussed is .. the large; s~allow L. Inulec whose contemporary 
eutrophic status 

' 
seems to be the result of internal loading, the 

calculated value of which appears to be several times as high as 
the external input of nutrients. L. Inulec shows ~ consistent pat­

tern of qualitative and quantitative properties of highly eutroph-
• 
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Table VIII. The effect of rainbow trout (S. gairdneri) aquacul­
ture on the horizontal distribution of the plankton in Gl~bokie 

L. (r. ~orka lake system) 
Selected data of G o d 1 e w s k a - L i p o w a (1983) S p o­
d .n 1 e w s k a (1983a) and W t g 1 e ~ ~ k a, 8 own 1 k-
-D y 1 i ti s k a and E j s m o n t - I< a r a b. i n ( 1983 ) 

for August or ~uly 19761 average for epilimnion 

Stations 
Elements compared 

close 0.5 km 
to cages from cagas 

Bacterioplankton 
mg • 1-1 wet wt • 16.9 5.5 
per cent of cocci 12 50 

Phytoplankton 
mg • 1-1 wet wt 11.6 8.4 
percentage of: 
Gomphosphaeria lacustris Chodat 71 45 
Ceratium hirundinella (0. F. M.) Berg. ,_ 15 7 

Zooplankton (ind. • 1-1 ) 

protozoans 13600 8700 
rotifers 400 280 
crustaceans 500 350 

1The data were chosen for August or for July, i.e., for the month in which the differences between two stations are the grea­ • 
test. Ace. to Pen c z a k et al. (in press), in summer(from June to August) about 55% of the annual load of nutrients in faeces and urine is released directly to the lake. 

i c systems. These are: a relatively high level of primary produc­
t ion, a high biomass of all plankton components, a low biomass of 
profundal benthos (Tables I, II), in the phytoplankton- a do­
minance of blue-green algae and their composition typical of the 
eutrophic systems (Oscillatorip agardhii, Microcystis, Aphanizome­
non; Tnble III), a low biomass diversity index (Hb), and high 
8 p : B np and B eye 1 : a ea 1 ratios (Table VI), a high biomoss of 
rotifers (Table I), with a dominance of Keratella c-ochlearis tec-
~ a, a good indicator of the eutrophic status (Table IV), a low • 

diversity of the benthos, a high biomass of littoral emergent ve-
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getation (Table I), a multi-peak seasonal plankton dynamics (Fig. 

1), and s high percentage of abioseston in the seston (Fig. 2). 

3. The remaining lakes of the r. ~orka watershed, which can 

~ielki lesseutroph­be considered - relative to L. r~ajcz - more or 

ic, and markedly more fertile, represent a system of quantitative 

and qualitative trophic indices that is clearly inconsistent,that 

is to say, constitutes a mixture of characteristics known to be 

caused, or to occur more frequently in lakes trophically different. 

This is true primarily of Gl~bokie L. (and pf L. Zelw~~ek which 

is connected with it hydrologically), and to a much lesser extent 

also of L'., Jorzec. These lakes are exposed to the heaviest external 
~ 

load of nutrients derived from sources of pollution, and they also 

show distinct signs et organic pollution in the form of a higher 

percentage and biomass of Euglenophyta in the phytoplankton ( Ta­

ble III), larger numbers of polysaprobic ciliates (Table V), and 

in Gl~bokie L. - also a very high (the highest in the lakes con-

sidered) 
• 

abundance of bacterioplnnkton (Tables II, VIII). 

In Gl~bol<ie L. the direct point of pollution and enrichment 
• 

(Table VIII) has exerted its influence for a relatively short time 

(the cage fish aquaculture has existed there since 1974), but ac-
, 

carding to G 1 i w i c z ' s (1979) concept, the morphometric 

relations (a sharp thermic gradient, metalimnetic oxygen deficit 

in ·summer)act as a f£lctor accelerating the increase of the produc­

tivity of this lal<e. ~ience the lake in question, shows at present 

a definitely "mixotrophi.c" system, where a high primary produc­

tivity, even higher than in L. Inulcc (Table I), is accompanied 
t by D relatively low algal biomass (Toble I), bu~ a highpercentage 

of nnnnoplonl<ton, nnd o strongly murked dominance of the blue­

-green alga Gomphosphaeria lacustris (Tnble III), the tend~ncy 

of which to occur neorer to the aquaculture cages (relative to a 

distant site; Table VIII), a~d in larger numbers from year to. year 

in this lal<e, has been demonstrated by S p o d n i e w s k a 

(1983a). The biomass of the zooplankton is relatively lo~·~ (Table 

I), wheraas its structure (Table IV) ond dynamics (Fig. 1) rather 

ro-typical of mesotrophic systems. Low, too, is the biomass of 

tifers, while the index of crustacenn biomass diversity (Hb) is 

high, the 8 : B and B : B ratios being lower (Tables I, 
p np eye 1 ea 1 

.VI). The profunda! benthos makes this lake similar, both quanti-

tatively \a'nd qualitatively, to L. t--1ajcz Wielki (Toble I). 

The conditions found in L. ~orzec show many feotures of 
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highly eutrophic system. They are the following: the highest pri­

mary production, a high phyto- and zooplankton biomass, but a low 

biomass of profundal benthos (Tables I, II), multi-peak seasonal 

dynamics (Fig. 1), and a high percentage of abioses ton in the sum­

mer seston (Fig. 2). However, there are no blue-green algae in the 

phytoplankton of this lake, and dominant are algae of the genus 

Dinobryon (in late spring), and in summer - Ceratium hirundinel­

la (Table I). The composition of the zooplankton is typical of eu­

trophic systems with a high biomass of rotifers, with numerous K. 

cochlearis tecta (Table IV). As it has been revealed by studies 

carried out in different years ( vV ~ g 1 e n s k a, B o w n i k­

-o y 1 i n s k a and E j s m o n t - K a r a b i n 1983), an 
. 

increase in numbers of rotifers is recorded in this lake. 

4. A comparison of the mean values of phytoplankton biomass 
# 

and production and of Ptot concentrations ( H i l 1 b r i c h t-

-I 1 k o w s . k a and t.. a w a c z 1983 ) of the lakes under 

study with the respective values found for other lakes (especial­

ly those of the group of the Great Masurian Lakes) indicates that 

the r. ~orka lakes can in general be included among low fertile 

or medium-fertile water bodies. 

It may be presumed that factors, like the nature of the water­

shed (many forests, wooded and wetland areas, meadows ) and low 

nutrient loads input with the surface runoff ( H i 1 1 b r i c h t­

-I 1 k o w s k a and L a w a c z 1983), a high-rate through-

-flow, especially in the lakes of the lower basin (e.g., L. Zel-

w~zek and L. ~orzec), and the input of mineral matter ( Al, Si, Fe) 

that can adsorb the nutrients ( P in particular) and few(although 

significant) sources of pollution located ' in two lakes provide a 

specific natural background counteracting the rapid eutrophica­

tion of this lake system as a whole. This process should also be 
-

aided by the low pressure of the native fish fauna, as estimated 

from the poor or very poor catches. A sign of the weak pressure 

is the persistence in all the lakes of species of large-bodied 

crustaceans, including three Daphnia species, in numbers amount-

in g to 200 in d • -· 1 -l • 

8. POLISH SUMMARY 

W wyniku kompleksowych bada~ geochemicznych i hydrochemicz-
. 

nych, z kt6rych g!6wne wnioski przedstawiono w pracy I niniejsze-
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go zbioru ( H i l 1 b r i c h t - I 1 k o w s k a i ~ a w a c z 

1983), oraz szczeg6lowych bada~ biologicznych przedstawionych w 

dalszych pracach niniejszego zbioru a dotyczQcych 5 jezior usytuo­

wanych na malym cieku ( ~z. Jorka, ok. 12 km dlugosci) i ich zlew­

ni stwierdza sie, te: 

1. Jezioro usytuowane najwyzej w badanej zlewni, jezioroMajcz 

Wielki jest ukladem, w kt6rym oddzialywanie i charakter zlewni 

(aktualne i w przeszlosci), bardzo niskie wartosci dopaywu pier­

wiastkow biofilnych ze zr6del zewn~trznych oraz brak punktowych 

zrodel zanieczyszczen'stabilizujQ nisk~ produktywnos6 tego jezio­

ra i jego status mezotroficzny. ~~szys tkie analizowane cechy wska­

zuj~ na mezotroficzny charakter jeziora: niski poziom produkcji 

pierwo tnej, ale wysoki dobowy wsp6lczynnik P : 8, niska biomasa 

planktonu i jego komponent6w, za~ wysoka biomasa makrofit6w zanu­

rzonych (dominuj~ Characeae) oraz litoralowego i profundalowego 

bentosu (tab. r. III), .. pd:aski .. lub jednoszczytowy typ dynamiki 

planktonu i r6~nych jego komponent6w (rys. 1), brak sinic w fito­

planktonie zas dominacja nannoplanktonu i gatunk6w z rodzaju Di­

nobryorl (tab. Ill), du~a r6~noro dno~6 gatunkowa r6tnych zespol6w 

z gatunkami wskatnikowymi ( tob. IV, V), niskie warto~ci stosunku 

biomasy zooplanktonu drapieznego do biomasy niedrapieznego(Bp:Bnp) 

oraz biomasy Cyclopoida do biomasy Calanoida (B eye 1 ; 8 ea 1),zas 

\\rysoki wskaznik r6znorodnasci bioma sy skorupiak6w ( Hb )(tab. VI), 

najnizszy odsetek abiosestonu w sestonie letnim ( rys. 2). 

zasobnym troficznie (o najwy~szej l<oncentra-2. Najbardzi~j . 

cj i P og6lnego w wodzie ) \·V omawianym systemie jest plytkie i roz-

legle jezioro Inulec, w kt6rym czynnikiem powoduj~cym wsp6lczes­

ny statu s eu troficzny jest, jak si~ wydaje, intensywny doplyw fo­

sforu ze zr6ded: wewn~trznych skalkulowany jako kilka razy prze­

l<racza jQcy doplyw ze ir6del zewnQtrznych. Jezioro Inulec wykazu­

je uklad · cech ilo~ciowych i jako~cio\vych wla~ciwy jeziorom sil­

nie eutroficznym. SQ to: stosunk o~o wysoki poziom produkcji pier­

\'JO tnej, wysoka biomasa .wszystkich komponent6""' planktonu, ni51-'a 

biomasa bentosu pr.ofundalowego (tab. I, II), w fitoplankton~ do­

minucja i typowy dl a eutrofii sk!od sinic (Oscillatoria agard~ii, 

Microcystis, Aphanizomenon; t ab . III) , nisl<i wskn±nik r6~norodno­

wysokie warto~ci wskaznik6wB: ~ ci biomosy skorupiak6w (Hb), za~ p 

: B i 8 cl : B 1 (tab. VI), 
' 

wysoka biomasa wrotk6w (tab. I) 
np cy ea 

z dominacjQ dobrego ws!<ainil<a eutrofii jakim jest Keratella co-

chlea ris tecta (tab. IV) , mola r6znorodno~6 gatunl<owa bentos~ ~y-
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s oka biomasa li toralowej roslinnosci wynurzonej ( ·tab. I), wielo­
szczytowy charakter dynamiki sezonowej planktonu (rys • . 1) i wy­
soki odsetek abiosestonu w sestonie ( rys. 2). 

3. Pozostale jeziora kaskady rz. Jorki - kt6re w stosunku do 

j eziora Majcz Wielki mo~na uzna6. za mniej ~ub wi~cej eutroficzne 
1 wyraznie bardziej zyzne - prezentujQ uklad ilosciowych i jako­
s ciowyc~ wskaznik6w trofii wyraznie niesp6jny, tzn. stanow~cy mie­
s zank~ cech, kt6re ~ zgodnie z wiedzQ - przypisuje si~ lub cz~~­

ciej spotyka w jeziorach odmiennych troficznie.· Dotyczy to prze­
de wszystkim J .eziora Gd:~bokiego (1 polQczonego z nim hyd·rologicz­
pie jeziora Zelw~zek), w znacznie slabszym stopniu r6wniez jezio­
r a Jorzec. Jeziora te eksponowane SQ na najsilhiejszy doplyw pier­
wiastk6w biofilnych ze ir6d~l zewn~trznych, jakimi sQ ir6dla za­
nieczyszczenia, jak tez wykazujQ wyrazne objawy zanieczyszczenia 
o rganiczn~go w postaci zwi~kszonego udzialu i biomasy Euglenophy­
t a w fitoplanktonie (tab. III), zwi~kszonej liczebnosci orz~sk6w 
polisaprobowych (tab. V), za~ w Jeziorze Gl~bokim .·r6wnie~ bar­
dzo wysokiej ( najwyzszej w analizowanych jeziorach) obfitosci bak­

t erioplanktonu (tab .• II, VIII). 

Doplyw zanieczyszczen (tab. VIII) do Jeziora G!~bokiego od­

dzialuj e wzglQdnie kr6tkot r·wale ( sadzowa hodowla istniej e od 1~74 r), 
' 

a le stosu.nki morfometryczne (o~tr:-y gradient termiczny, metalimne­
t yczne minimum tlenowe w okresie letnim ) · sta~owiQ w my'l koncep-. 

cj 1 G 1 i w i c z a . ( 1979) czynnik przyspieszaj ~cy wzrost pro-
duktywnosci tego jeziora. St~d jezioro to aktualnie wykazuje wy­
ratnie ,,miksotroficzny" uklad, gdzie przy wysokiej produktywno,ci 
pierwotnej, nawet \'Vyzszej niz w j eziorze I nu lee (tab. I ) istniej e 
wzglQdnie niska biomasa glon6w (tab. I), ale wysoki odsetek nanno­
planktonu oraz silnie zaznaczona dominacja sinicy Gomphosphaeria 
l acustris (tab. III), kt6rej tendencj~ do wyst~powania blizej sa­

dzy hodowlanych ( w por6wnaniu ze stanowiskiem oddalonym; tab.VIII), 
. 

j ak te~ liczniejsze wyst~powanie z roku na ro.k w tym wla~nie je-
ziorze wykazala S p o d n i e w s k a (1983b). Z kolei biomasa 
zooplanktonu jest stosunkowo niska (tab. ~ I), zas struktura (tab • 

• 
I V) i dynamika (rys. 1) raczej typowa dla uklad6w mezotroficz-
nych. R6wnie~ niska jest biomasa wrotk6w~ za~ wysoki wskatnik Hb 
oraz ni~sze warto~ci wskainik6w an : B , B : B 1 (tab. I, _ . np eye 1 ea 
VI). Natomisst bentos profundalowy zar6wno ilo~ciowo jak i jako~-

c iowo upodobnia to jezioro do jeziora Majcz Wielki (tab. I). 

Z kolei uklad notowany w jeziorze Jorzec ma wiele cech wysoko 
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eutroficznego sys~emu. SQ to - najwyzsza produkcja pierwotna, wy­

soka biomasa fito- i zooplanl<tonu, za~ niska bentosu profundalowe­

go (tab. I, II), wieloszczytowy charakter dynamiki sezonovvej(rys. 

1) i wysoki odsetek abiosestonu w sestonie letnim (rys. 2). ~ed­

nak~~ w skladzie fitoplanktonu tego jeziora brak jest sinic, domi~ 

nujQ natomiast glony z rodzaju Dinobryon ( w okresie p6tnowi6sen­

nym ), zas w okresie letoim Ceratium hirundinella ( .tab. I). Skl:ad 

zooplanktonu jest typowy dla uklad6w eutroficznych, wysoka jest 

biomasa wrotk6w z licznie wyst~puj~c~ K. cochlearis tecta (tab. 

IV), a jak wykazaly ~adania prowadzone w roznych latach ( W Q­

g 1 e n s k a, 8 o w n i k - D y 1 i n s k a i E j s m o n t­

-K a r a b i n 1983) notuje si~ wzrost obfito~ci wrotk6w, jak 

wiadomo dobrze reaguj~cych na eutrofizacj@ jezior ( K a r a b i n 

1982). 

4. z por6wnania ~rednich warto~ci biomasy i produl<cji fito­

planktonu, jak te~ koncentracji P og61nego ( H i 1 1 b r i c h t­

-I l ' k o w s k a i ~a w a c z 1983) badanych jezior z in­

nymi jeziorami (szczeg6lnie z grupy Wielkich Jezior Mazurskich) 
I 

wynika, ~e jeziora rz. ~orki nale~~ og61nie do ma~o lub ~re~nio-
, 

~yznych. Mo~na przypu~cic, ~e takie czynniki, jak charakter zlew-

ni (spore las6w, zadrzewien, teren6w zabagnionych 1 l~k) i nie­

wielkie ladunki pierwiastk6w biofilnych dostarczaJle w splywie po­

wierzchniowym ( H i 1 1 b r i c h t - I 1 k o \V s k a i .t.. a­

w a c z 1983), silna przeplywowosc jezior, szczeg61nie dolnego do­

rzecza (np. jezioro Zelw~tek i jezioro Jorzec) i doplyw materii 

mineralnej ( Al, Si, Fe) mog~cej komp~eksowac 
I 

zwifJzki troficzne 
' 

( szczeg6lnie P) i nieliczne ( choc istotne)zr6dla zanieczyszczeri 

zlokalizowane w 2 jeziorach stanowiQ swoisty uklad warunk6w natu­

ralnych przeciwdzialaj~cy nadmiernej eutrofizacji tego kompleksu 

jeziornego jako calo~ci. Wsp6ldziala6 w tym powinna r6wnie~ sla-.. 
ba presja ichtiofauny, sQdz~c przynajmniej po niskich lub bardzo 

niskich odlowach. Objawem tej slabej presji jest utrzymywanie siQ 

we wszystkich jeziorach dutych gatunk6w skorupiak6w, w tym 3 ga­

tunk6w Daphnia w i~cznej liczebnosci rzf2du do 200 osobn • .• 1-1 • 
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