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Factors controlling rotifer abundances in a norwegian 
eutrophic lake : an experimental study 
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Strong oscillations in the rotifer community are frequently observed in eutrophic lakes, where rotifers are important 
components of the zooplankton community. Manipulations with increased level of fertilizers, presence or absence of fish, 
abundances of competiiors {cladocerans) and predators (Asplanchna) were performed in polyethylene-enclosures. The expe­
riments provided evidence for pure eutrophication effects (e.g. elevated pH) and prédation from Asplanchna as the main 
controlling factors. The influence from potential competitors such as Daphnia and Bosmina was found to be of less impor­
tance, at least during these short-term experiments. 

Etude expérimentale des facteurs de contrôle des abondances de Rotifères dans un lac norvégien eutrophe 

Mots clés : Rotifères, Fluctuations, Eutrophisation, Prédation, Compétition. 

Des fluctuations importantes dans la communauté des Rotifères sont fréquemment observées dans les lacs eutrophes 
où ces organismes sont un élément important de la communauté zooplanctonique. Des enceintes en polyethylene ont été 
utilisées pour tester l'influence de la fertilisation, de la présence ou de l'absence de poissons ; de l'abondance de compéti­
teurs (Cladocères) et de prédateurs {Asplanchna). Ces expériences démontrent que les effets de l'eutrophisation (p. ex. l'élé­
vation du pH) et la prédation par Asplanchna sont les principaux facteurs de contrôle. L'influence des compétiteurs potentiels, 
tels Daphnia et Bosmina, apparait moins importante, au moins pendant ces expériences de courte durée. 

Introduction 

Rotifers may significantly contr ibute to zooplank­

ton biomass in freshwater localities (Makarewicz & 

Likens 1980), and seems to increase in relative abun­

dance during eut rophica t ion (Hi l lbr icht - I lkowska 

1977). This may partly be due to the changed 

nutr ient condi t ions giving increased bacterial bio­

mass or reduced compet i t ion due to removal of cla­

docerans by planktivore fish which usually increase 

their numbers {cf. Hall & al. 1970, Nilssen 1978, Neill 

1984, Gi lber t & Stemberger 1985). Thus, rot ifers 

may form impor tan t links in the pelagic food-web 

in eut rophic localit ies, responsible for a considera­

ble turn-over of bacteria and algae, and a major food 

source for invertebrate predators (Makarewicz & 

Likens 1980). 

I. University of Oslo, Department of biology, Division of zoology, 
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The large osci l la t ions both in total numbers and 

species dominance, frequently recorded dur ing 

eutrophic condit ions (Nilssen 1978) are thus of inte­

rest not only to the rotifer communi ty , but too the 

whole pelagic food web. Factors causing this oscil­

lations, except shortage of adequate food, is scar­

cely investigated. In this experiment, we designated 

several enclosures with different biotic condi t ions 

and different nutrient levels, in order to assess some 

of the factors responsible for the sudden changes 

within the rotifer c o m m u n i t y . 

1. — Materials and methods 

The investigations were performed in Lake Gjers-

joen { A Q — 2.7 km 2 , Z m = 63 m) , S.E. Norway . 

The lake is at present in a state of recovery f rom 

beeing highly eu t rophic in the 1960s. The lake has 

been moni tored for more than 30 years, and f rom 

the o l igo t roph ic phase in the early 1950s to the 

eutrophic peak in the early 1970s, large changes was 
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observed in the ro t i fe r c o m m u n i t y (Faafeng & Nils-
sen 1981). D u r i n g the last decade, large schools of 
juven i le roach (Rutilus rutilus) s trongly supresses 
the larger and m e d i u m sized crustaceans (Hessen 
1985). At present, the dominant crustaceans in the 
e p i l i m n i o n are the small cladoceran Bosmina Ion-
girostris and the cyclopoid copepods Thermocyclops 
oithonoides and Mesocyclops leuckarti. 

E x p e r i m e n t s were car r ied out during two one-
m o n t h exper imental periods, a summer exper iment 
1 .-28. august 1980, and a spring exper imen t 2. May 
- 19. June 1981. In each of the exper iments we used 
6 polyethylene enclosures with diameter 1.5 m and 
depth 4 m, tied to a wooden f ramework in the pela­
gic zone above 25 m depth. The bags were filled with 
lake water by use of a water pump, and we added 
zooplankton f r o m vert ical net-hauls 20-0 m (45 ^ m 
net). 

In each of the series, one bag was kept unchan­
ged as con t ro l (C), one bag was added nutrients to 
increase algal biomasse (N), two bags were added 
fish (F), one was added nutrients and fish (N + F) 
and the last bag added fert i l izer and the efficient 
grazer Daphnia longispina (N + D). 

Nu t r i en t s added, was a solut ion of a m m o n i u m 
nitrate and a m m o n i u m dihydrogen phosphate giving 
a final concen t ra t ion of 3200 ^g ' 1 N G y N and 600 
^ .g l 1 P 0 4 - P . The fish added was roach fry, 0 + and 
1 + , 12-15 ind per bag. The large f i l t rator , Daphnia 
longispina, due to strong fish prédation pressure not 
na tura l ly o c c u r i n g in the lake, was col lec ted in a 
nearby lake and added in numbers cor responding 
to about 1 ind. I'1 in the bags. (I. e. 7000 ind/bag). 

Samples were taken with a modi f i ed van Dorn 
sampler f rom depths 0, 1, 2 and 4 m, and mixed. 
Phytoplankton and bacteria was taken directly f rom 
this mixed sample, while two replicates of 5 1 each 
were f i l tered through a 45 ^ m net for zooplankton 
c o l l e c t i o n . Zoop lank ton samples were taken twice 
a week, while phytoplankton samples were taken at 
the beginning, midd le and end of the exper iment . 
Bacter ia l biomass was only calculated in the spring 
expe r imen t . pH and tempera ture was measured on 
each sampl ing date, ch lorophyl l once a week. Oxy­
gen contents was measured at the termination of the 
expe r imen t s to reveal a possible oxygen deplet ion. 

Phy top lank ton and zooplankton were fixed with 
acid Lugol and counted by use of the Ute rmohl (1958) 
t echn ique and on a coun t ing tray, respect ively. 

Bacteria were fixed with formalin (2 % final concen­
tration), stained and counted by use of the fluores­
cence technique. (Hobbie & al. 1977). Calculations of 
algal biomass was done with geometrical models, 
while bacterial biomass was estimated by use of a 
micrometer scale ocular. 

2. — Results 

Temperature was identical within bags and the lake. 
pH, however showed elevated levels in fertilized bags 
during summer, due to a strong rise in algal biomass 
(jig. 1). In summer, pH exceeded 10.5 in fertilized bags, 
compared to about 9.5 in the unfertilized ones. In 
spring the différencies in pH between fertilized and 
unfertilized bags was insignificant. 

The phytoplankton community was dominated by 
large species like Oscillatoria agardhii and Synedra sp. 
together with Rhodomonas lacustris, Scenedesmus 
spp. and Chrysomonas except for fertilized bags in 
summer in which large amounts of small unidentified 
coccoid green algae was recorded. The phytoplankton 
was divided in three groups ; <15 ^m, (probably avai­
lable both to crustaceans and rotifers), 15-50 ^m, (edi­
ble by most species of adult crustaceans but probably 
too large to small rotifers like Keratella cochleans, 
Potnpholyx sulcata and Kellicottia longispina) (Pejter 
1957, Pourr iot 1977) and larger than 50 ^m, probably 
too large to most species of zooplankton (Burns 1968, 
Gliwicz 1975). 

In spring, the groups of small and medium sized 
algae constituted less than 1.8 m m 1 I" 1 during the 
whole experimental period (Tab. 1). The smallest algae 
( <15 yjn) became almost extinct in all bags. In the 
summer experiment, higher biomasses of small algae 
was recorded compared to spring, although they 
remained relatively scarce in unfertilized bags. In fer­
tilized bags, they showed a rapid increase, with excep­
tion of the bag added Daphnia longispina, where they 
probablv were checked due to grazing. 

Bacterial numbers showed a strong increase in fer­
tilized bags, including the Daphtiia-bag, in spring, 
giving final concentrations of more than 5.5.106 cells 
m l " 1 , compared to a mean of 2.8.106 in unfertilized 
bags added fish, and l .S . l t f in the control b a g f l . ^ l O 6 

in the lake). With an estimated mean cell volume of 
0.1 fii, the bacterial biomass in the fertilized bags cor­
responds to ca. 0.5-0.6 m m 3 1~ thus exceeding bio­
mass of small algae in these bags. 
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Fig. 1. pH in unfertilized (open circles) and fertilized bags (filled circles). S.D. as vertical bars. 
Table 1. Biomass (mm 3 l " 1 ) of different size classes of algae 

C : control. Ft and F2 : added fish, N : nutrients, N + F : nutrients and fish, N + D : nutrients and Daphnia. 

Bag size, 21.5 1.6 16.6 1.8 14.8 28.8 

<15 1.6 0.6 0.4 0.6 0.6 1.2 
C 15-50 0.3 0.1 0.1 0.2 0.1 0.1 

>50 1.3 5.7 3.1 1.8 0.8 0.2 

<15 1.7 0.8 0.1 0.8 0.4 0.5 
F, 15-50 0.3 0.1 0.1 0.2 •0.5 

>50 1.9 9.1 14.2 1.5 1.2 0.9 

« 1 5 1.5 0.5 0.6 0.9 0.6 
F2 

15-50 0.7 0.7 0.4 0.2 0.5 
>50 6.6 13.4 2.8 1.1 1.5 
C15 0.4 0.5 3.2 3.9 

N 15-50 1.3 0.2 0.4 0.6 0.1 
=>50 1.6 1.1 3.0 3.4 8.4 5.1 
•C15 1.2 0.3 0.3 0.9 4.5 10.0 

N + F 15.50 0.4 1.8 0.2 6.0 5.1 
=»50 1.4 12.4 1.4 2.3 1.1 1.6 

<15 1.2 0.2 0.5 1.1 0.3 0.5 
N + D 15-50 0.6 0.1 0.6 0.1 

=•50 3.4 8.4 5.1 3.4 8.4 5.1 
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Fig. 2. Development of rotifers and cladocerans in different bags during the spring experiment. £ Roti­
fers includes all rotifers except Asplanchna. £ Cladocera are mainly Bosmina longispina and B. longirostris, 
and Daphnia longispina as indicated in one bag. The herbivore calanoid copepod Eudiaptomus gracilis is 
indicated when present in any number. 

In the spring exper iment , m a x i m u m rotifer num­
ber occu red within the first week in most bags, fol­
lowed by a sharp decrease to almost ex t inc t ion in 
the last half of the exper iment {fig. 2). Keratella coch-
learis made up about 70-90 % of rot ifer numbers , 
with Keratella quadrata, Kellicottia longispina, 
Polyarthra dolichoptera, and Synchaeta pectinata as 
subdominants. Wi th exeption of Asplanchna, all spe­
cies showed an almost similar response in numeri ­
cal deve lopment . Asplanchna priodonta became 
mos t abundant in the last half of the exper iment in 
all bags with a m a x i m u m recorded number of 
a lmost 400 ind. I - 1 in the con t ro l bag. 

Crustaceans responded strongly to the additions 
of fish, as all cladocerans and all large developmen­
tal stages of calanoid and cyclopoid copepods almost 
disappeared (Hessen 1985). In the three bags without 
fish, cladocerans, mainly Bosmina longirostris 
became abundant, as did the calanoid Eudiaptomus 
gracilis. Daphnia longispina showed a s trong 
increase in the bags to which it was added. Cyclo­
poid copepods, not included in fig. 2, remained in 
relatively low numbers in all bags. The predatory 
stages {cop. IV-ad.), only occat ional ly exceeded 10 
ind. I - 1 in any bag, complete ly dominated by the 
small Thermocyclops oithonoides. Naupl i i {mainly 
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Fig. 3. Development of rotifers and cladocerans in different bags during the 
summer experiment. Symbols as is fig. 2. 

cyclopoids) were abundant in all bags, with a peak 
in the middle of the exper iment with numbers of 
36-112 ind. M . 

In summer, ro t i fer number showed strong oscil­
lations in all bags, with a tendency for numer ica l 
decrease towards the end of the exper iment (fig, 3). 
In the fert i l ized bags, however, a sharp decline to 
almost ext inc t ion was recorded within the first half 
of the exper imen t . In two of the fert i l ized bags, 
Euclanis dilatata showed an immediate popula t ion 
growth fo l lowing the decline of the other species. 
As in spring, Keratella cochlearis was the most abun­
dant species, with Synchaeta pectinata, Trichocerca 

pusilla and Pompholyx sulcata as subdominants. All 
species fol lowing the same main deve lopment . 
Asplanchna priodonta was only found in any num­
ber in the control bag, and one of the unfer t i l ized 
bags, added fish (cf. fig. 3). 

The crustacean response to addition of fish was 
less pronounced than in spring, although most crus­
taceans was strongly checked in bags added fish. 
Bosmina longirostris became abundant in the control 
bag, and in the bag added Daphnia longispina, where 
also the latter species showed a strong increase. 
Eudiaptomus gracilis was scarce in all bags. Larger 
developmental stages of cyclopoids were also found 
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in low numbers in all bags (0-10. l ^ 1 ) , with excep­

tion of the fert i l ized bags without fish, where 

Mesocyclops leuckarti became abundant in the last 

week { > 20 ind. I " 1 ) and the fert i l ized bag added 

Daphnia, where both Mesocyclops and Thermocy-

clops became abundant towards the end of the expe­

r imen t ( > 30 ind. I " 1 ) . 

Pe rcen t egg-carrying individuals of the dominant 

rot i fers is shown in tab. 2 and 3. In spring a sudden 

d rop in percent egg-carrying individuals reaching 

a mid-exper iment m i n i m u m was found, although 

somewhat increasing towards the end of the expe­

r imen t in most bags. In summer, with a total domi­

nance of Keratella cochlearis, percent egg-carrying 

individuals of this species remained more or less 

constant in unfer t i l ized bags, but soon dropped to 

a lmost zero in fert i l ized ones. 

3. — Discussion 

Several factors may have caused the observed res­

ponses in the rot i fer c o m m u n i t y during these expe­

r iments . Four reasons, or combinat ions of these, 

cou ld be responsible for the main events. 

1) Invertebrate prédation (mainly by Asplanchna) 

2) Resource l imi ta t ion , partly due to compe t i t ion 

f rom herb ivorous crustaceans 

3) Environmental stress due to extreme pH-values 

4) Release of toxic substances by algae. 

Asplanchna priodonta became abundant in all 

bags dur ing the spring exper iment , synchronously 

with the decl ine of the other rotifers (cf. fig. 2). 

Asplanchna spp. are omnivo rous , although having 

a dietary preference for small rotifers, particularity 

Keratella cochlearis, ( P o u r r i o t 1977) but also 

Synchaeta pectinata and Trichocerca pusilla 

(Ejsmont-Karabin 1975, Gi lber t & Wil l iamson 1978, 

Gi lber t 1980), thus all the main species in these expe­

r iments are subject to prédation by Asplanchna. In 

the bags, a re la t ionship of prey-rotifers and 

Asplanchna is about 1 : 20-1 : 30 at the rotifer peak, 

and the decl ine indicates a consumpt ion of roughly 

2-5 ro t i fer day ~ 1 or 3-7 day _ 1 when cor rec ted for 

p roduc t i on , assuming that other predators are of 

m i n o r impor t ance . This seems reasonable compa­

red t o o t h e r studies (cf. S temberger & Gilber t 1984). 

The ability of Asplanchna to control the structure 

of rotifer communit ies is suggested by other authors 

(Edmondson 1960, Lewcowicz 1971, Zimmerman 1974). 

However, egg production declined during the first half 

of the experimental period as well. This might be cau­

sed by higher prédation on egg-carrying individuals 

due to their reduced escape abilities, or reduced food 

availability allocated to reproduction. The decrease in 

small algae ( < 15 ,,m) (cf. Tab. 2), occurred simulta­

neously with decreased egg production. This is not a 

sufficient explanation however, as the most rapid 

decline in rotifers occurred in the control bag, in 

which the highest biomass of small algae was recor­

ded. The increase in egg production towards the end 

of the experiment in all bags, could partly be explai­

ned by increased bacterial biomass, especially in fer­

tilized bags and in reduced numbers of Asplanchna. 

Thus, the most reasonable explanation on the 

decline in rotifer numbers in spring is Asplanchna pré­

dation, combined with a decline in the most valuable 

algal species. 

In summer, the immediate decline in both number 

and egg production in fertilized bags closely follows 

the sharp pH-rise. There is only scarce information 

on the effect of high pH on zooplankton. Bogatova 

(1961), Ivanova (1969) and Walter (1965) all found an 

upper pH limit for cladocerans around 10.5-11.5. The 

negative effect of such high pH on Thermocyclops 

oithonoides is discussed by Hessen & Nilssen (1984). 

All crustaceans seemed to suffer from these extreme 

pH values, with exeption of Mesocyclops leuckarti and 

Daphnia longispina. During the peak eutrophication 

in Lake Gjersj<£en, K. cochlearis remained in high den­

sities, while the other rotifers disappeared (Faafeng 

Nilssen 1981). At this peak, maximum epilimnetic pH 

only occationally exceeded 9.5. Euclanis dilatata was 

the only rotifer which could withstand pH of 10.5, and 

even increase in fertilized bags (fig. 3). Release of algal 

toxins was not likely to cause the observed rotifer 

decline in fertilized bags, as composit ion of blue-

greens and other suspected toxic algae was almost 

similar in fertilized and unfertilized bags (see discus­

sion in Hessen & Nilssen 1984). 

The number of small algae remained low, although 

constant or even increasing in unfertilized bags. Egg-

production was almost identical in these bags, and 

remained high throughout the experiments. The obser­

ved changes in rotifer numbers in the unfertilized bags 

are probably caused by the increasing Asplanchna 

population. Asplanchna was only occasionally found 

in fertilized bags. 
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T a b l e 2. Percent e g g - c a r r y i n g individuals of Keratella eochlearis ( K . c ) , Keratella quadrata (K.q.) and Kelicoltia longispina 
(K . l . ) in spr ing . S y m b o l s a s in tab. 1. 

B a g Spec . 21.5 25.5 28.5 1.6 4.6 9.6 13.6 16.6 

K . c . 57 32 21 17 13 36 22 43 
C K . q . 31 21 3 3 0 

K . l . 28 5 0 0 0 

K.c. 54 42 32 34 30 23 33 35 
F , K . q . 35 23 13 2 0 0 0 0 

K . l 48 41 24 11 0 39 

K.c. 57 42 28 25 19 20 
F 2 

K . q . 43 32 15 8 0 13 
K. l . 29 38 15 10 0 0 

K.c. 53 36 23 7 8 36 55 34 
N K . q . 32 20 8 0 0 0 0 0 

K . l . 47 25 3 0 0 

K.c. 54 43 35 22 38 42 32 42, 
N + F K . q . 23 19 10 22 16 50 0 0 

K . l . 48 28 43 0 0 0 33 66 

K.c . 52 43 33 28 6 7 23 24 
N + D K . q . 24 29 10 3 6 12 0 

K. l . 21 33 0 0 0 

T a b l e 3. Percent egg-carry ing indiv iduals of Keratella eochlearis in s u m m e r . S y m b o l s as in tab. 3. 

B a g Spec . 1.8 4.8 7.8 11.8 14.8 18.8 21.8 25.8 28.8 

C K.c. 36 34 22 28 40 18 19 20 43 

F , K.c. 14 41 25 22 30 20 22 14 23 

*2 K.c. 28 36 20 39 42 38 39 24 43 

N K.C. 17 36 1 10 0 0 8 11 11 

N + F K . c . 18 32 7 0 8 6 20 0 10 

N + D K . c . 13 40 5 19 3 0 0 0 0 

I t is a generally hold belief that cladoceran den­
sities are the main regulat ing factor of rot i fers , lin­
ked to c o m p e t i t i o n for bacteria and small algae 
(Comita 1972, Ne i l l 1984) or « interference compe­
tition » (Gi lber t & S temberger 1985), and that a 
removal of large cladocerans" by fish prédation 
improves the cond i t ions for rot ifers in eu t roph ic 
lakes (Hall & at. 1970, Nilssen 1978, Lynch 1979). 
This is supported by the observations of long t e rm 
changes in Lake Gjers j^en (Faafeng & Nilssen 1981). 
T h e r o a c h fry in lake G j e r s j 0 e n m a i n l y 
consumes cladocerans, but in addition high num­
bers of advanced and adult copepods (Hessen 1985). 
Rotifers, even Asplanchna is totally avoived. During 
this short t e r m exper iments , both egg p roduc t ion 

and total number of rot ifers was significantly hig­
her during the mid-part of the exper iments in bags 
added fish {jig. 4). In these bags, the crustacean com­
pet i tors except nauplii and small copepodids, were 
almost comple te ly el iminated. In spite of this, the 
biomass development of small algae did not differ 
significantly between bags with and without clado­
cerans, and the reason for lower rotifer p roduc t i ­
vity in the fish-free enclosures is at least not a 
straight-forward result of resource c o m p e t i t i o n . 

T o summarize , a set of b io t i c and abiot ic factors 
seems to be involved in the regulation of density and 
species compos i t ion within the rotifer c o m m u n i t y . 
W h i l e prédation f rom the carnivorous Asplanchna 
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F i g . 4. T o t a l n u m b e r of r o t i f e r s a n d percent e g g - c a r r y i n g i n d i v i d u a l s o f the 
d o m i n a n t rot i fer Keratella cochlearis in bags wi th a n d wi thout fish. U p p e r : 
spr ing , l o w e r : summer . In the s u m m e r experiment, only unferti l ized b a g s a r e 
i n c l u d e d . 
Level of s ignif icance (T-test) in di f ference indicated b y asteriscs . - * : p <0.05 - ( * ) : p <0 .2 

appeared as the mos t impor tan t factor in spring, 
pure en t rophica t ion factors as pH elevation seemed 
most impor t an t in summer . The effect of compet i ­
tion f rom herbivorous crustaceans, frequently refer­
red to as the most impor t an t i nh ib i to r to rot ifers , 
was obscure . F o r periods, cladocerans seemed to 
suppress the rot i fers , but only in spring this was 
a s soc ia t ed w i t h a d e p l e t i o n of the nanno-
phytoplankton . 
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