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Effects of tadpole grazing on periphytic algae in ponds
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Abstract

Tadpole impact on periphytic algae was estimated with an exclosure experiment in the field. Algae growth on
control (exposed) and experimental (netted-in) perspex plates was measured in 12 ponds in 1991 and 8 in 1993.
An index of snail LymneaandPlanorbig presence in the ponds was used to correct their effect. Grazing pressure
(difference in amount of algae between control and experimental plates) differed between ponds. The difference
was correlated to amount Bfanatadpoles present in the pond. At the higher densities of tadpoles observed in the
study ponds, the algae standing crop on exposed plates was about 50—75% of that on netted-in plates. These result
demonstrate that there is potential for effects of exploitation competition in ponds with a high tadpole density.

Introduction ing on the algae flora in a pond, there is a possibility
that tadpoles are resource regulated. Indeed, several
studies have shown an effect of algae abundance on
tadpole growth rate (Johnson, 1991; Leips and Travis,
1994). The present study searches for effects of tad-
poles on the periphytic algae in south Swedish ponds,
inhabited byRana arvalisandR. temporaridadpoles.

The effect of grazing was measured by an exclosure
experiment. The growth of algae in the field was mon-
itored both on exposed surfaces and on surfaces where
tadpoles and other grazers were excluded. The only
é)ther group of grazers commonly found in the study
ponds was snails. Because they were similar in size
to tadpoles, their effect could not be separated ex-
perimentally. Instead, their abundance was measured
and the effect of tadpole density on observed grazing
impact was statistically corrected for snail abundance.

Most temperatdRanatadpoles are generalistic algae
feeders (Savage, 1951; Seale, 1980). Important food
categories include filamentous green algae (Dickman,
1968), epiphytic diatoms (Kupferberg, 1997), detritus
(including decomposed higher plants) and various
algae (Jenssen, 1967).

Grazing by tadpoles potentially reduces algae bio-
mass (Brénmark et al., 1991). A review shows that,
generalizing over all grazers, periphyton removal rate
increases with increased grazer biomass (Cattaneo an
Mousseau, 1995). However, the effects of grazing
by tadpoles and other epiphytic grazers on the algae
community can be very complex. By removing epi-
phyton growing on filamentous algae or macrophytes,
the latter are favored by tadpoles (Kupferberg, 1997)
or invertebrates (Dodds, 1991; Underwood, 1991).
Also, algae may benefit from increased nutrient levels \;-tarial and methods
caused by grazing tadpoles (Osborne and McLachlan,

1985) or invertebrates (Gresens, 1995). Algae growth chamber

So, the effect of tadpoles on algae is likely to be
very variable. The impact is important also for the tad- Test chambers were made from perspex. They were
poles themselves. If there is no effect, tadpoles in the made up of a ‘half-pipe’ shaped roof and a flat floor
specific site are not likely to be resource limited. On plate, kept together with rubber bands. The floor area
the other hand, if one finds an effect of tadpole graz- was 80x 80 mm. The ends of the chambers were
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‘extended’ by 5 mm thick profiles, also kept in place because this spring was very warm and some of the
with rubber band. The control (open) chambers had experimental ponds begun to dry up completely.

no more elements and were thus open in both ends. Once per week the chambers were temporarily
The experimental (exclosure) chambers had a piece ofdisassembled and all algae growing on the roof was
2mm plastic mesh fixed between the end profile and removed to avoid shading. After the experiment,
the main chamber. Thus nothing wider than 2 mm the chambers were disassembled and the floor plates
could enter the chamber. This excluded tadpoles abovegently rinsed in water to remove loose sediment. Also,
about 1 week of age. Only the up (inner) side of the all algae on the out (down) side of the floor plates was
flat, bottom, plate was used as substratum for actually removed. They were then allowed to dry completely.

measuring algae growth. After that the plates were weighed, all algae on the top
side was removed and the plate weighed again. This
Study area gave a measure of the dry weight of the algae growing

on the floor inside.
The study ponds were situated in the central and south-
western part of Skane, the southernmost province of Measures
Sweden. Twelve ponds were used in 1991 and eight

ponds in 1993. Out of these, six ponds were used For the first analysis, | used actual dry weight of algae

in both years (Figure 1). In all pondganatadpoles on the individual perspex plates. For subsequent ana-
(Rana arvalisand/or R .tem orarij, but no other lyses | computed, for each pond, the average amount
anurans, were known t6 be Eesent Eggs of these fro sOf algae present on plates in control (open to grazing)
hatched7durin the latter hpalf of A r?lgand tad olesg and experimental (grazing not possible) chambers, re-
9 0T AP poe spectively. The former value divided by the latter
metamorphosed from the beginning of June. The size ) . L
of the ponds varied between 200 and 2500 Most was computed _and termed ‘Grazing quotient’. | also
onds (AD17, AD18, HP27, M3, M4, R3, R4, and R5) computed the difference between the values, ‘Grazed
P " ' T amount’. This procedure, rather than computing the
were located in grazed meadows. Three were located . : =
in moist forests (AP4, AP5, and HP25). In all these, guotient and amount separately for each site (within a
algae grew on submerged plants. One pond (HL8) was pond), was adopted because _|t used more data. Sev-
situated in a cropped field. This had, in addition to ©'2) Chambers were lost by being stepped on by cattle
submerged plants, plenty lof stones ’as substrate forand the alternative pro'ced.ure had required dropping of
algae. Most pondic, were free from fish but Stickel- both chambers at a site if one was destroyed. Also,

back Pungitius pungitiupwas know to be present in there was no significant effect of site (nested under

; . pond) on amount of algag(=0.14, full details for
Eg:adsssiﬁgi%]?p?)?l?j 224 and Carussian cana@ssius this ANOVA given in the first section of the results).

Grazer counts
Procedures

Tadpoles and snails were captured with a scraper net.

The test chambers were placed in pairs consisting of In each pond, samples were taken twice each year,
one control and one experimental treatment, located once around May 20th and once around June 5th.
about 10 cm from each other. They were placed on The average of these two recordings was used in the
the pond bottom at a depth of about 15 cm. If neces- analyses. Each sample consisted of 5-20 strokes (de-
sary, the chambers were moved to deeper water if the pending on pond size) with the net, each covering 1
pond’s water level dropped during the course of the m? of the bottom (actually, depending on pond to-
study. In each pond, there were four (in one case eight) pography, each stroke sometimes consisted of several
such sites. Some chambers became useless becaussibstrokes). The number of tadpoles and snails re-
they were stepped on by cows or because water levelspectively per stroke was used as an index of their
dropped faster than anticipated, leaving them dry on density in the pond. This maximum number of tad-
the shore. poles recorded for any pond in the study was 2#4/m

In 1991, the chambers were put out on May 14th (or 2.95 g nT2 dry weight). In most ponds, the density
and 15th and recovered on June 11th. In 1993 they was one or two orders of magnitude less (Figure 2).
were put out on May 13h and 14th and recovered on Before analysis, numbers were lggransformed. The
May 26th. The period of growth was shorter in 1993 logio value of empty samples was set to the lowest
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Figure 1. Amount of epiphytic algae (grammes per 64 cm2 plate) present after exposure in the field. Filled bars represent plates excluded from
grazing while open bars represent plates that were open to grazers. Error bars indicate S.E.
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Figure 2. Grazing effect (growth on exposed plates divided by growth on caged plates) related to deiRstyadddpoles (logg tadpole
individuals n2). 1991 data shown by circles and the filled line, 1993 data by crosses and the dashed line.

logio value for ponds with tadpoles present minus one. There was a significant negative correlation
Only snails above 5 mm in maximum shell size were between tadpole density and grazing quotient (each
counted. This represented a size gap, separating juvenpond and year combination used as one data point,
iles from older. The snail individuals were distributed tests use Pearson’s correlation coefficients) (N = 20,
thus:Lymnea stagnali8.3%, L.peregra26.5%,Pla- r =-0.58,p =0.009) (Figure 2) while the correlation
norbis cornutusN.1%, and Pplanorbis 70.0%. The between tadpole density and grazed amount was not
two Ranaspecies were not separated in these samples.quite significant (N = 20, r = 0.45 =0.051).
The proportion ofRana arvalisvaried between 0% The effect of tadpole density on the grazing quo-
and 90% over the different ponds (pers. obs.). tient, while controlling for year effects and snail dens-
ity, was tested with a 3-way ANCOVA. This showed
that density of tadpoles had a significant effect on

Results grazing (d.f. = 1: 15, F = 5.2 =0.037). There were
neither an effect from snail density (d.f. = 1: 15, F =
The average amount of algae was, in most ponds, lessy 040, p =0.54) nor from year (d.f. = 15, F = 1.32,

in the open (control) chambers than in experimental
(covered) (Figure 1). Actually, there was a significant
effect (tested by a 4-way ANOVA) on amount of algae
present from pond (d.f. = 13: 76, F = 1.96~=0.037)
and treatment (open vs. covered, d.f. =1: 76, F = 6.61,
p =0.012). There was also a significant interaction Discussion

between pond and treatment, i.e. the effect of the treat-

ment was more drastic in some ponds than in others The treatment, netting-in the test plates, obviously did
(d.f. =13: 76, f = 2.40p =0.009). Within pond, the  affect algal growth. This could be, or could not be, due
effect of site was not significant (nested under pond, to the exclusion of grazers. The alternative explanation
d.f. =42, F = 1.33p =0.14). The last factor of this  to a grazer effect could be some effect of difference in
ANOVA was year (d.f. = 1: 76, F = 2.4% =0.123). water quality caused by the net. However, the inter-
This was included to correct for year differences in action between treatment and pond supports (but does
weather and exposure time. not prove) the grazing hypothesis. If this hypothesis

_0.27). Inthese tests, 2-way interactions (of tadpole
and snail density with year) were not significant and
removed from final analysis.



is acceptable, then ponds with high tadpole densit-
ies should have a high difference in growth between

treated and non-treated plates, producing an interac-

tion, which was found. Even stronger support for this

hypothesis comes from the correlation between tad-

pole density and effect of the experimental treatment
and from the outcome of the ANCOVA.

Apart from variation in grazer densities, there were
obviously other sources to variation in algal growth.

The nature of these is outside the scope of this study.

It is however noteworthy that the pond situated in
cropped field (HL8) in both years had among the
highest growth of algae (Figure 1).

Consequences of tadpole grazing
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there is some potential for intraspecific competition in
natural high density ponds while this is not likely in
ponds with natural low tadpole densities.
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