
Inhibitory effect of Anabaena sp. on in situ filtering rate of Daphnia 

PATRICIA CHOW-FRASER' AND W. GARY SPRULES 

Department of Zoology, University of Toronto, Erindale College, Mississauga, Ont., Canada L5L 1 C6 
Received January 3, 1986 

CHOW-FRASER, P., and W. G. SPRULES. 1986. Inhibitory effect of Anabaena sp. on in situ filtering rate of Daphnia. Can. J. 
 ZOO^. 64: 1831-1834. 

We found that in situ filtering rates of Daphnia spp. measured in a lake containing Anabaena were significantly lower than 
those measured in a filament-free lake. Even after accounting for the depressing effects of high nannoplankton biomass 
concentration, filtering rates in the lake with Anabaena were 64% lower than those from the filament-free lake. We also found 
that filtering rates for Daphniapulex in laboratory experiments were lower when Anabaena was present in experimental beakers 
than when Chlorella was present. When Anabaena was removed from Three Mile Lake water, filtering rates compared closely 
with predicted rates based on nannoplankton concentration and carapace length alone. Our analysis indicates that the presence of 
Anabaena filaments depresses Daphnia grazing rates in general, and that the filaments themselves are ingested at a lower rate 
than algae such as Chlorella. 

CHOW-FRASER, P., et W. G. SPRULES. 1986. Inhibitory effect of Anabaena sp. on in situ filtering rate of Daphnia. Can. J. Zool. 
64: 1831-1834. 

Les taux de filtration in situ de Daphnia spp. se sont avCrCs significativement plus faibles dans un lac qui contenait Anabaena 
que dans un lac qui n'en contenait pas. Meme en tenant compte de la diminution encourue a cause de la presence d'une concen- 
tration ClevCe de biomasse nannoplanctonique, les taux de filtration sont rest& de 64% plus faibles dans le lac qui contenait 
Anabaena. En laboratoire, les taux de filtration de Daphniapulex se sont Cgalement avCrCs plus faibles en prCsence d'Anabaena 
qu'en presence de Chlorella. Apres l'enlevement d'Anabaena de l'eau du lac Three Mile, les taux de filtration ont atteint les 
valeurs prCvues d'apres la concentration de nannoplancton et la longueur de la carapace. Notre analyse dCmontre que la presence 
de filaments d'Anabaena rCduit les taux de broutage de Daphnia en gCnCral et que les filaments eux-memes sont ingCrCs h un 
taux plus faible que les algues de type Chlorella. 

[Traduit par la revue] 

Introduction Methods and materials 
Investigation of inhibitory effects of blue-green algal fila- 

ments on the grazing rates of Daphnia has rarely been carried 
out in situ; it has necessarily been restricted to experimentation 
under controlled laboratory conditions with cultured algae and 
animals (Bums 1968; Arnold 197 1 ; Gliwicz and Siedlar 1980; 
Lampert 198 1 ; Holm et al. 1983; Porter and McDonough 1984) 
or filaments isolated from lakes (Richman and Dodson 1983). 
Although field experiments are logistically more difficult to 
conduct, and less controllable, than laboratory experiments, 
field results are more realistic and can be applied directly 
without extrapolation. 

The Haney ( 197 1 ) technique was successfully applied in situ 
to study the grazing rates of a number of cladocerans in 10 lakes 
of south central Ontario that did not have Anabaena blooms 
during the summer (Chow-Fraser and Knoechel 1985). In this 
study, we also used the Haney method to measure in situ 
filtering rates of Daphnia spp. in Three Mile Lake, a lake in 
which Anabaena filaments occurred throughout the summer 
between July and September. 

We used labelled Chlorella and Scenedesmus as in Chow- 
Fraser and Knoechel (1985) to study the effect of Anabaena in 
the environment on filtering rates of Daphnia in laboratory and 
field experiments. We also conducted parallel grazing experi- 
ments to examine the effect of using Anabaena as tracer on 
daphniid filtering rates. We thus show that the overall negative 
effect of Anabaena filaments results from both an interference 
on the grazing of edible algae as well as an apparent selection 
against filaments when feeding. 

'present address: Department of Biology, Concordia University, 
1455 de Maisonneuve Blvd. W., Montreal, Que., Canada H3B 1 M8. 

In situ grazing experiments 
Three Mile and Gull lakes are large inland lakes located in south 

central Ontario. Three Mile Lake is relatively shallow compared with 
Gull Lake, and is more productive (Table 1). 

Chlorella vulgaris (longest dimension 6-8 pm), Scenedesmus ovalis 
(unicellular form, longest dimension 4-6 pm), and Anabaena sp. 
(Carolina Biological Supply Co. ) were labelled with 14c. Vegetative 
cells of Anabaena were approximately 4 pm in diameter and ranged in 
length from 6 to 8 pm. Trichomes were approximately 80 to 120 pm in 
length. 

Algae were prepared for 14c-labelling with the forced uptake 
technique by first purging a 10-mL aliquot of log-phase algae of 
inorganic carbon (see Holtby and Knoechel (1981) for details). The 
solution was neutralized, and I0 pCi (1 pCi = 37 kBq) of N a ~ ' ~ c 0 ~  
was added. We calculated the final concentration in the grazing cham- 
ber to be 1000 cells-mL-' for Chlorella or Scenedesmus, or 100 
trichomes-mL- ' for Anabaena. 

Amounts of Chlorella and Scenedesmus added to grazing chambers 
constituted less than 13% of natural nannoplankton concentration in 
Gull Lake and less than 10% of that in Three Mile Lake. Addition of 
Anabaena to Gull Lake was approximately 30% of natural nanno- 
plankton biomass whereas that for Three Mile Lake was 15%. Biomass 
concentrations of tracer and natural filaments in Three Mile Lake were 
calculated to be 50 and 212 mg.mP3, respectively. 

All grazing experiments were conducted in situ at one station in the 
epilimnion of each lake (see Chow-Fraser and Knoechel (1985) for 
complete details of the grazing experiments). Ambient lake tempera- 
tures ranged from 20 to 22OC. Experiments were conducted once each 
in mid-July of 1981 and 1982 in Three Mile Lake, and once in August 
1982 in Gull Lake. 

Animals used in this study reflect the natural species mix of grazers 
in Three Mile and Gull lakes; Daphnia species in the lakes consisted of 
D. galeata mendotae, D.  pulex, and D. rosea. Length measurements 
of Daphnia were taken from the base of the tail spine to the 
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TABLE 1. Description of study lakes 

Phytoplankton biomass concentration 

Surface area Mean depth Chl a Blue-green 
(km2) (m) (mg.mP3) 0- 10 km* 10-30 km* filaments 

Three Mile Lake 7.9 3.5 7.5 56.5 125.7 21 1.9 
Gull Lake 9.9 9.9 1.8 23.2 133.3 1.2 

NOTE: Biomass concentrations of phytoplankton are in m g ~ m - ~  (mass istimated from geometric solids presuming a specific gravity of 1). Chl a value is the 
mean summer value taken from Zimmerman et al. (1983) and Ontario Ministry of Natural Resources (Minden, Ontario, unpublished data). 

*Longest linear dimension. 

TABLE 2. Comparison of regression statistics for in situ experiments 

Algal tracer n Slope SE Intercept SE 2 P 

Three Mile Lake Chlorella 157 1 . 2 2 ~  0.20 0.47b 0.04 0.20 0.0001 
Scenedesmus 115 1 . 6 5 ~  0.27 0.41b 0.04 0.26 0.0001 
Chlorella + Scenedesmus 272 1.30 0.15 0.43 0.03 0.22 0.0001 
Anabaena 11 1 . 8 0 ~  0.45 0.54b 0.10 0.44 0.0258 

Gull Lake Scenedesmus 
Anabaena 

NOTE: The regression equations relate log filtering rate (mL.d-') to carapac 
statistically homogeneous ( P  > 0.05) according to an analysis of covariance. 
different from zero. 

anteriormost point of the carapace, along the long axis of the body 
(referred to as "carapace length" in this study). Daily zooplankton 
filtering rate was calculated as in Chow-Fraser and Knoechel (1985). 

Four-metre integrated phytoplankton samples were collected with a 
polyethylene hose (inner mouth diameter 1.5 cm; see Chow-Fraser and 
Knoechel (1985)) at the same station at which grazing experiments 
were conducted in each lake. Algae were identified and enumerated as 
described in Chow-Fraser and Knoechel ( 1985). 

Laboratory experiments 
We conducted four laboratory experiments to evaluate the effect of 

different tracer species on grazing rate measurements under controlled 
conditions. In these experiments we used D. pulex, captured from 
Three Mile Lake, that had been maintained in culture for 2 months. 
Approximately 35 animals, ranging in size from 0.7 to 2.5 rnm were 
placed overnight in 1 L of 0.45 km filtered lake water before the 
grazing experiments. 

We placed unlabelled Anabaena in two beakers and unlabelled 
Chlorella in two others. Daphnia were acclimated in experimental 
beakers for 1 h. We then added '4~-Chlorella to one of the Chlorella 
beakers and to one of the Anabaena beakers. Similarly 14c-~nabaena 
was added to the other Chlorella and Anabaena beakers. Both species 
of labelled and unlabelled algae were added in equal biomass 
concentrations to each experimental beaker so that the final concentra- 
tion in each approximated the equivalent of 2 X lo4 Chlorella 
cellsmL-I. We assumed that one Chlorella cell has a biovolume of 
200 km3 (a sphere with an approximate diameter of 7 km) and that one 
Anabaena filament has 100 cells each of equivalent spherical diameter 
to a Chlorella cell. Animals grazed for 15 min and were processed as in 
the field grazing experiments. 

We conducted a laboratory experiment to test directly for the adverse 
effect of filaments by removing Anabaena from Three Mile Lake water 
before grazing. Daphnia g. mendotae, D. pulex, and D. dubia were 
collected with a vertical townet (130-km mesh) from the epilimnion of 
Three Mile Lake and transported in filtered lake water (64-km mesh 
Nitex screen) to a field laboratory. Anabaena were removed by filtering 
lake water serially through Nitex screens (from 130 to 53 km); 
subsequently we examined the water microscopically to ensure that 
most of the filaments had been removed. This procedure did not 
apparently affect the concentration of nannoplankton in the treated 

:e length (mrn). Slope and intercept values followed by the same letter are 
P < 0.05 (last column) indicates that the slope in that row is significantly 

water since the amount of algae <30 km in the treated and untreated 
water was 255 and 264 mg-m-3, respectively. 

Twenty-five Daphnia of different species and sizes (chosen to 
include a range in size from 0.70 to 2.00 mm) were added to 1 L of this 
filtered water; only animals judged to be actively swimming were 
chosen for the experiment. The temperature of "filtered" lake water was 
similar to that of ambient lake water (22°C). Animals were acclimated 
for approximately 1 h in the beaker before grazing. Labelled Scenedes- 
mus (approximately 20 mg.mP3) was then added to the container and 
animals were allowed to feed for 15 rnin. Other details of the grazing 
experiment were as described for in situ experiments. 

Statistical analyses 
Chow-Fraser and Knoechel (1985) found no statistical differences 

among filtering rates of several species of Daphnia. Therefore, species 
were combined in this study to increase sample sizes for regression 
analyses. Data from 13 Chlorella experiments, 10 Scenedesmus 
experiments, and 2 Anabaena experiments from Three Mile Lake were 
combined for respective regression analyses. Data from two each of 
Anabaena and Scenedesmus experiments from Gull Lake were 
likewise combined for regression analyses. 

Least-squares regression equations relating filtering rate to carapace 
length (Sokal and Rohlf 1981) were computed for both field and 
laboratory data. We then used an analysis of covariance to determine 
statistical similarity among slopes and intercepts for the regression 
equations (using a procedure in Statistical Analysis Systems, Ray 
1982). 

Results 
Since filtering rate (FR) of Daphnia varies with body length 

(L) (McMahon and Rigler 1965; Burns and Rigler 1967), we 
present our in situ grazing rates as a function of carapace length 
(Table 2). Regardless of the tracer used in Three Mile Lake and 
Gull Lake, slopes of the regression equations were statistically 
homogeneous, even though numerically they ranged from 1.22 
to 2.01. The intercepts, however, were more variable. 

Intercepts for Three Mile Lake regression equations were 
statistically homogeneous (P > 0.05), whether Chlorella or 
Scenedesmus was used as the tracer. The intercept of the Gull 
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CHOW-FRASER AND SPRULES 

TABLE 3. Comparison of regression statistics for laboratory experiments 
-- 

Expt . Algal species Tracer 
No. in beaker species n Slope SE Intercept SE 2 P 

1 Chlorella only Chlorella 35 1 . 1 9 ~  0.240 0.70b 0.058 0.45 0.0001 
2 Chlorella + Anabaena Anabaena 34 0 . 8 6 ~  0.425 0 . 3 1 ~  0.070 0.11 0.0500 
3 Chlorella + Anabaena Chlorella 32 1 . 4 9 ~  0.361 0.46d 0.096 0.34 0.0002 
4 Anabaena only Anabaena 35 1 . 1 8 ~  0.350 0.19e 0.100 0.26 0.0002 

NOTE: The regression equations relate log filtering rate (mL.d-') to carapac 
statistically homogeneous ( P  > 0.05) according to an analysis of covariance. 
different from zero. 

Lake - Scenedesmus equation, however, was statistically 
higher than that for the Three Mile Lake - Scenedesmus 
equation (P  < 0.01), indicating that a 1-mm Gull Lake animal 
would filter 1 1.5 m ~ - d -  ' compared with 2.6 m ~ - d -  ' for a Three 
Mile Lake animal. 

One reason for the lower intercept for Three Mile Lake 
relative to Gull Lake may be the higher nannoplankton biomass 
in Three Mile Lake since filtering rate varies inversely with 
nannoplankton concentration (Geller 1975; Chisolm et al. 
1975). Accounting for high nannoplankton concentrations by 
using Chow-Fraser and Knoechel's (1 985) empirical relation- 
ship between filtering rate, carapace length, and nannoplankton 
concentration (Eq. 3 in their study) yields a mean filtering rate of 
7.5 mL-d-' for a 1-mm animal in Three Mile Lake. This is still 
higher than the 2.7 mL-d- ' (using combined equation, Table 2) 
typical of the Three Mile Lake animals, and it is our contention 
that this 60% reduction in filtering rate is due to high Anabaena 
concentrations in Three Mile Lake. 

To test this directly, we removed filaments from Three Mile 
Lake water before conducting a laboratory grazing experiment. 
We used freshly caught Daphnia from Three Mile Lake to make 
the experiments more realistic. Regression of filtering rate 
against carapace length for this experiment yielded the follow- 
ing regression equation: 

[I] log FR = 2.11 (k0.809) log L + 0.82 (k0 .  190) 

(? = 0.20; P = 0.02; numbers in parentheses are standard 
errors). This slope was statistically homogeneous with those in 
Table 2 for Three Mile L.ake (P  = 0.25, analysis of covariance). 
The higher intercept, however, means that a 1 .O-mm Daphnia 
would filter 6.6mL-d-', a value more consistent with the 
7.5 m~ed - '  predicted above for filament-free water with the 
same nannoplankton concentration, but still 144% higher than 
the 2.7 mL-d-' typical of Three Mile Lake Daphnia. This 
provides further evidence that filaments in Three Mile Lake are 
responsible for reduced in situ daphniid grazing rates. 

We next conducted a series of field experiments to study the 
effect of using Anabaena as tracer since we wished to determine 
whether or not filaments could be ingested at the same rate as 
Chlorella or Scenedesmus. In Three Mile Lake, intercepts of 
filtering rate regressions measured with 14c-labelled Anabaena 
were statistically similar to those measured with labelled 
Scenedesmus and Chlorella (Table 2); however, in Gull Lake 
the Anabaena intercept was statistically lower than that deter- 
mined with labelled Scenedesmus. Since these results were 
discrepant, we conducted four laboratory experiments to further 
examine the effect of using Anabaena as tracer under controlled 
experimental conditions (Table 3). 

Experimental treatment did not affect the slopes of the filtering 
rate - length regression equations (Table 3, P = 0.10). How- 

:e length (mm). Slope and intercept values followed by the same letter are 
P < 0.05 (last column) indicates that the slope in that row is significantly 

ever, in identical environments with respect to unlabelled algae, 
intercepts were statistically lower when labelled Anabaena was 
used than when labelled Chlorella was used (expt. 1 compared 
with expt. 2; expt. 3 compared with expt. 4), indicating that 
Daphnia handle and ingest Anabaena filaments at lower rates 
than Chlorella. The intercept for expt. 1 was significantly 
higher than that for expt. 3; filtering rates in the absence of 
Anabaena filaments in lake water are 74% higher. Thus 
filaments interfered with the grazing of edible algae such as 
Chlorella, and this is entirely consistent with the 58% increase 
in filtering rate in our filament-removal experiment (Eq. 1). 
These results substantiate the observations of others that 
blue-green filaments cause a mechanical inhibition of filtering 
rates (Burns 1968; Gliwicz and Siedlar 1980; Porter and 
McDonough 1984). 

The difference in intercepts between expts. 2 and 3 is further 
evidence that filaments were processed at lower rates than were 
Chlorella, given identical environments with respect to algal 
concentration and composition. Filtering rates measured in 
expt. 3 reflect the mechanical inhibition of the rate of grazing on 
other algae caused by Anabaena whereas those measured in 
expt. 2 reflect the grazing rate using Anabaena as tracer. As 
would be expected, the intercept for expt. 4 is lowest overall 
since it reflects the combined effect of mechanical inhibition as 
well as the lower grazing rate when using Anabaena as tracer. 

Discussion 
Although slopes of filtering rate - length regressions for 

Daphnia were the same in Three Mile and Gull lakes, 
intercepts were consistently lower in Three Mile Lake. This 
indicates that, for a given-sized Daphnia, in situ filtering rates 
are lower in Three Mile Lake than in Gull Lake. We have pro- 
vided four lines of evidence that the presence of Anabaena 
filaments is the cause of this inhibition. First, in situ grazing 
rates measured with labelled Scenedesmus in Three Mile Lake 
were statistically lower than those measured with the same tracer 
species in Gull Lake (Table 2). Second, in situ grazing rates in 
Gull Lake were lower when Anabaena was used as tracer than 
when Scenedesmus was used. Third, we found that when Ana- 
baena were removed from Three Mile Lake water, filtering rates 
increased by 144%. Fourth, we found that filtering rates of 
D .  pulex in laboratory experiments were lower in the presence 
of Anabaena. The only evidence not consistent with this ex- 
planation is the observation that in situ Three Mile Lake filtering 
rates were not lower when Anabaena was used as a tracer (Table 
2); we have no explanation for this. 

The presence of Anabaena in lake water appeared to have a 
twofold effect on the grazing rate of Daphnia. It interfered with 
the rate of filtering edible algae such as Chlorella. In addition, 
grazing rates measured with labelled Anabaena were lower than 
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those measured with labelled Chlorella, and we suggest that 
Anabaena was being processed at a lower rate than edible algae. 

The role of Anabaena in the diet of Daphnia may be greater 
than is presently considered since we found measurable, albeit, 
lower grazing rates in all of our experiments. This contrasts with 
the observations of Sorokin et al. (1965) and Porter (1975) that 
Anabaena was absent from the gut contents of Daphnia, but is 
consistent with Schindler's (1971) observation that Daphnia 
assimilated up to 50% of ingested Anabaena. Ingestion of 
Anabaena was probably not by chance since Daphnia can 
discriminate against unicells of Anabaena on the basis of taste 
(Porter and Orcutt 1980). 

Future studies involving high-speed cinematography should 
greatly enhance our understanding of how the presence of 
Anabaena causes a reduction in the rate of filtering edible algae, 
e.g.,  whether it is a toxic or  a mechanical inhibition. Further 
investigation should be undertaken in other lakes so that a 
complete picture of inhibition in the field can be constructed. 
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