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Abstract

The effect of one-year-old common ca@yprinus carpioL.) on plants and seedlings Bbtamogeton pectinatus

L., and on periphyton development was studied in 100 | glass aquaria. Two 30-day experiments were conducted
using a muddy sediment or a pebbly bottom. In both cases, three treatments based on different fish size (two
fish/aquarium) were assayed. The control had no fish. In both experiments, chlorophyll content of the periphyton
increased from the beginning to the end of the period, for the three fish treatments. Light attenuation by periphyton
was high, with final values 12—30% higher than in the control. Periphytic communities acclimated to reduced light
conditions when the bottom was muddy. It can be concluded that, in muddy conditions, small carp affected plant
growth by shade stress, which is achieved by a combination of increase in turbidity and the developing of a leaf
periphytic cover. Under pebbly conditions, plant damage was caused by collisions and the growth of epiphytic
algae. Medium and large fish consumed plants in both experiments. Seedlings were affected by herbivory in all
cases.

Introduction Recent studies have demonstrated the importance
of periphyton in terms of productivity (Lowe, 1996),
as components of aquatic food webs (Otto, 1982) and

Common carpCyprinus carpioL., is a benthivorous : : .
fish that has received considerable attention as a resul®> agents involved |n.the decline of submerged macro-
phytes through shading (Sand-Jensen, 1977; Phillips

of impacts on submerged macrophytes following its et al, 1978). To study the direct effects of different

introduction to new habitats outside its native range sizes of iuvenile common carp on plants and seedlinas
(King & Hunt, 1967; McCrimmon, 1968; Fletcher J . ponp 9
) of Potamogeton pectinatus (sago pondweed), and
et al., 1985; Brumley, 1991). The adverse effects of o
o ’ : ..~ the indirect effects that operate through the develop-
this fish upon aquatic vegetation have been historic- . ) .
; . . . ment of epiphytic cover, two laboratory experiments
ally attributed to physical disturbance, causing plant = . . . .
with contrasting sediment conditions were performed.

uprooting (Crivelli, 1983) and an increase in abio- Acclimation of periphytic communities to decreasin
genic turbidity (Sidorkewicj et al., 1996, 1998, 1999a, *. lon of periphytic cor ! =C 9
light availability, caused by increasing turbidity, was

b; Fernandez et al., 1998). More recently, bottom-up also evaluated
and top-down effects induced by carp have also been '
taken into account as mechanisms indirectly affect-
ing the biomass of submerged macrophytes through
changes in phytoplankton densities (Roberts et al

1995; Sidorkewicj et al., 1999a, b). Less known are
the effects that carp may have on vegetation through

alteration in epiphytic periphyton. Two consecutive 30-day experiments were conducted
using twenty 100-I glass aquaria (0.40 xn0.60 m
* Author for correspondence x 0.50 m height). In the first experiment (Experi-

Materials and methods
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ment 1), muddy sediment (76% sand, 14% clay, 10% filters (1.2 um). Determinations were then made of
loam) was collected from a drainage channel in Ar- dry weight (DW; 105°C, 24 h), ash weight (AW; 520
gentina and distributed in the tanks in a 5 cm-thick °C, 2 h) and ash-free dry weight (AFDW = DW

bed. In the second experiment (Experiment 2), a 5 cm- AW). For chlorophyll analysis, the material removed
thick layer of washed fine gravel was instead used. from the second strip was filtered through non pre-
In both cases, the tanks were filled with tap water. ashed GF/C filters. Chlorophydl(Chl. a) andb (Chl.

In each experiment, four plants and two seedlings of b) contents were determined following Wintermans &
P. pectinatusindividually contained in 200 ml pots, De Mots (1965). As all periphyton measurements cor-
were introduced into each aquarium. For the epiphytic responded to colonization on both sides of the strips,
periphyton study, eight transparent plastic stripsx(2  calculations were made to refer the data to one side.
8 cm) were suspended vertically in the water column Weekly, dissolved oxygen (WTW OXI 96), pH, water
of each aquarium 5 cm from surface. The vertical po- temperature and conductivity (WTW LF 96-A) were
sition allowed an equal colonization on both sides of measured. Changes in organic and inorganic tripton,
the strip (Soto Perez, 1994). Nine months old common phytoplankton density, dissolved nutrients, turbidity
carp (age ) were weighed and added to 15 aquaria and underwater light attenuation were also recorded
in size-matched pairs, using three size classes as treat{Sidorkewicj et al., 1999a).

ments ¢ = 5). Mean fresh weightsf{ s.d.) were: 6.6

+0.99g(T), 14.0+£ 0.7 g (T2) and 21.0+ 1.3 g (T3) Statistics

for Experiment 1, and 15.2 2.7 g (T1), 27.7+ 3.1 g

(T2) and 42.5+ 0.7 g (Ts) for Experiment 2. Values  When residuals were not normally distributed or vari-
for fish total length were 7% 5 mm (Ty), 101+ 2 mm ances were not homogeneous, data were transformed
(T2) and 115+ 5 mm (T3) in Experiment 1, and 101 ysing log &) or log (x + 1). Differences in above-
+7mm (Ta), 124+ 4 mm (T2) and 142+ 7 mm (T3) ground dry weight of plants (PDW PDW), plant

in Experiment 2. In each case, five aquaria with no total length (Tl - TL;) and seedling heightt; - Hi),

fish were used as control. Light supply was provided pased on the mean value per aquarium, were ana-
by fluorescent lighting (40 W; 566E m™?statwa-  |ysed by means of a one-way ANOVAy (< 0.05).

ter surface), with a 12 h photoperiod. Water aeration The comparison among consecutive mean values was
was provided by pumps. No fish food or fertiliser was carried out by means of am priori, one-tailedt test

added. (LSD; p < 0.05). As was indicated above, periphyton
measurements were performed weekly in independent
Sampling and analysis and randomly removed plastic strips, allowing the use

of a split-plot factorial design in time for DW, AW,
At the beginning and at the end of the experi- AFDW, Chl. a, Chl. b and A @ = 5; p < 0.05)
ments, determinations were made of aboveground (Steel & Torrie, 1980). The significance of the differ-
dry weight (PDW,; 70°C, 48 h) and total foliage ences between mean values was determined by SNK
length (TL) of plants. TL measurements were per- test (p < 0.05). Periphyton growth parameters were
formed by adaptation of a line intersect method (Ten- estimated by applying to the AFDW data the exponen-
nant, 1975), commonly used to measure root length tial growth model:B; = Bo.expg “ "o, whereBy and
(Sidorkewicj, 1998). Seedlings were measured in B; are biomass (AFDW; mg cnf) at the beginning
height (H). Weekly, two plastic strips were removed of the experiment and at time(days), respectively,
randomly from each aquarium; one was used for andr is the unrestricted growth rate (&8). Between
biomass and light attenuance measurements and thereatment values afwere compared by analysis of co-
other was used to determine chlorophyll content. Light variance (ANCOVA,p < 0.05; Steel & Torrie, 1980).
transmittance (PAR; LI-COR 192SB and METEX M-  Rectangular hyperbolae were fitted to the attenuance-
4650) was measured by submerging the intact strips in AFDW periphyton dataset& = (a x B) x [(c+B)] 71,
tap water under full sunlight. Attenuance (A) was cal- whereA is the attenuanceB is the biomass (AFDW,;
culated as proportional transmittance reduction relat- mg cni2), anda andc are the parameters (slope and
ive to transmittance through a clean strip. For biomass asymptote, respectively) of the rectangular hyperbola.
measurements, the material attached to both sides ofThe fitted curves were compared between treatments
the strip was scraped off with a razor blade and filtered by means of arF statistic (p < 0.05), described by
through pre-ashed and pre-weighed Whatman GF/C Vermaat & Hootsmans (1994a).
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the control (9.1+ 4.1). Light attenuance increased
through the experiment (Figure 1F), with final val-

The average instantaneous growth rate of the fish ues 20-21% in T and T, and 30% in B, higher

used in the study (Bagenal & Tesch, 1978) was
—0.30% in Experiment 1 and —0.36% in Experiment
2. Physico-chemical parameters did not exhibit dif-
ferences between treatments (one-way ANOVAs p
0.10). Mean £ s.d.) oxygen concentration, water tem-
perature, conductivity and pH were 6t51.7 mg |1,
23.2+ 1.2°C, 1.1+ 0.2 mS cm! and 7.9+ 0.2,
respectively in Experiment 1, and 9432.2 mg 1,
17.3+ 1.3°C, 0.4+ 0.0 mS cnt! and 8.6+ 0.3,
respectively in Experiment 2. In Experiment 1, snails
(Littoridina parchappi), which were present in the

than the control. The treatmenttime interaction was
not significant. Rectangular hyperbolae fitted to the
attenuance-AFDW datasets were significant only for
the fish treatments, with high values®#: 0.74 for Ty,
0.92 for T, and 0.84 for §. Curves were significantly
different, ascending faster in direct relation to the fish
size (Figure 2).

Experiment 2
DW, AW and AFDW showed growing values as fish
size increased (Figure 1G-I). Only in AFDW, a signi-

sediment, remained during all the experimental period ficant treatmenk time interaction effect was detected.

in control tanks, but disappeared from fish aquaria
within two days.

Vegetation

Initial PDW and TL (meant s.d.) were 43.9 22.2
mg and 3.7+ 1.1 m, respectively, in Experiment 1
and 35.3+ 11.3 mg and 3.0k 0.7 m, respectively,

in Experiment 2. Seedlings measured 2&.%.3 cm

in Experiment 1 and 17.6& 3.5 cm in Experiment
2. Effects of fish on vegetation for both experiments
are shown in Table 1. No uprooting was noticed. The
lack of significant differences between contralT,
plants in Experiment 2 may be explained by a high
within-treatment variation. Herbivory was evidenced

Instantaneous growth rates did not differ statistically
between treatments; however, values tended to be
higher according to fish size {T0.003; T,: 0.006; T:
0.012 d'1). The three fish treatments showed values
higher than the control for both types of chlorophyll
(Figure 1J, K). In Chl.a, a significant treatmenk
time interaction was detected. The chlorophyll content
in the organic matter was greater than in the previous
experiment, with higher values in the fish treatments
(T1: 28.7+ 10.7; T: 24.1+£ 5.5; T3: 27.5+ 8.7 ug

Chl. (@ + b) [mg AFDW] 1) than in the control (17.9

+ 4.0 ug Chl. @ + b) [mg AFDW]~1). Attenuance
was of the same order of magnitude than in Experi-
ment 1 (Figure 1L). Final values were 12% in and

T2, and 22% in B, higher than control attenuance.

in pebbly conditions by the appearance of green faecal The interaction between treatments and time was non

pellets at the bottom of all fish aquaria.

Periphyton

Experiment 1

DW, AW and AFDW increased from the beginning to
the end of the experiment (Figure 1 A—C). The three

significant. Attenuance-AFDW data showed high dis-
persion, so the adjustment of hyperbolic curves was
not possible.

Discussion

variables showed a significant interaction between Vegetation was severely affected by all fish treatments
treatments and time. No significant differences in es- in both experiments. In Experiment 1, the main neg-
timated growth rates were detected; however, higher ative effect caused by small carp was probably shade
values were observed in the fish treatments (0.011-stress, due to the typical growth responsePopec-

0.012 d'1) than in the control (0.005d). Chl. a
and Chl.b concentration increased from the beginning
to the end of the experiment in the fish treatments

tinatusplants to reduced light conditions (Van Wijk et
al., 1988). This would have resulted from the develop-
ment of a dense periphytic cover and the high values of

(Figure 1 D, E). The interaction between treatments water turbidity recorded (up to 94 NTU; Sidorkewicj
and time was significant for both type of chlorophyll. et al., 1999a). In Experiment 2, although some plant
The chlorophyll content in the organic mattguig(Chl. growth occurred, fish appeared to cause plant damage
(a + b) (mg AFDW)™1), averaged over the whole by combined collisions, as indicated by fallen leaves,
period & s.d.), was greater in the fish treatments: (T  and growth of epiphytic algae, which resulted in a light
12.94 3.6; Tp: 16.7+ 4.0; T3: 12.9+ 4.5) than in attenuance increase of 12%. Medium and large fish
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Figure 1. Mean values of periphyton biomass (dry weight: DW; ash weight: AW; ash-free dry weight: AFDW), chloragmndb concentra-

tion (Chl.a, Chl.b) and light attenuance (A) in Experiment 1 (A—F) and Experiment 2 (G—L)smaller-size fish treatment,Tmedium-size

fish; T3: largest-size fish. Different letters (a-d) indicate significant differences between treatments, at each sampling date, with SNK test (
0.05).
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Table 1. Effects of control and fish (: smaller-size; 3: medium-size; %: larger-size) treatments on vegetation in Experiment 1 and
Experiment 2. Plus and minus signs represent parameters increase and decrease, respectively, throughout 30 daystt&sf¢ac)
indicate significant differences between treatments with LSD est 0.05)

Control T To T3
Experiment1:  Plant +116% -11%b —95%c —95%c
length:
(healthy; luxuriant (upper canopy; basal (several plants disappeared including the root
growth; uniformly chlorosis and necrosis) system; remaining plants: bare and browsed
branched) shoots)
Plant dry weight: + 234%. -5%b -57%c -57%c
Seedling height: + 47% -18%b —
(healthy; uniformly (browsed) (disappeared)
branched)
Experiment 2: Plant +247% + 160%a + 170%a -13%b
length: (healthy) (not browsed; leaves (browsed; few fallen (strongly browsed; absence
fallen at the bottom of leaves) of fallen leaves)
the aquaria)
Plant dry weight: + 346%. + 166%a + 203%a —76%b
Seedling height: + 44% —29%b —25%b —
(healthy) (strongly browsed) (strongly browsed) (disappeared)

affected plant growth mainly by herbivory in both ex- sponsible for the observed increase in the density of
periments. Seedlings were affected by herbivory in all attached algae. The higher chlorophyll content in the
cases, indicating that carp prefer soft vegetal tissues. organic matter, by comparison with the other experi-
In Experiment 1, the predominant fraction in the ment, indicates a more suitable environment in terms
periphytic strata was from inorganic origin, as was of light availability. In both experiments, the increase
expected from the high values of inorganic tripton con- in the final chlorophyll concentration with fish size,
centration in the three treatments (up to 178 my | was probably due to a higher excretion as a result
Sidorkewicj et al., 1999a). A stimulus to the develop- of increased consumption of vegetal matter (Table
ment of periphytic algae by fish was also observed, 1). In addition, in Experiment 1, a higher excretion
in spite of the high water turbidity recorded (max- could have occurred as a consequence of an increase
imum values: 94, 254 and 329 NTU im,TT2 and in the consumption of zooplankton (Sidorkewicj et
T3, respectively; Sidorkewicj et al., 1999a). Contrar- al., 1999a) and zoobenthos. The body size of fish
ily, Robertson et al. (1997) reported for two billabongs may determine not only the quantities but also the
in Australia that carp had a negative effect on the proportions of food items consumed (Lammens &
development of the autotrophic components of the Hoogenboezem, 1991), since what they are able to eat
periphyton, under similar water turbidities to those re- is closely related to the diameter of the chewing cavity
corded here. In the present study, the increased devel{9% SL; Sibbing, 1988, 1991). In both experiments,
opment of epiphytic algae in fish aquaria seems to be a significant increase in phytoplankton biomass was
related to a top-down effect through the consumption also observed in all fish treatments (Sidorkewicj et al.,
by the fish oiL. parchappii(a molluscan species which  1999a), and this phenomenon seems not to have had
selectively feeds on periphyton; Cazzaniga, 1981), and negative effects on periphyton development through
maybe other benthic organisms. Probably, an addi- competition for nutrients or allelopathy.
tional bottom-up effect through the enhancement of The periphytic growth observed in the present
dissolved nutrient concentration by fish excretion and study was exponential, contrary to the logistic fit re-
sediment bioturbation (Sidorkewicj et al., 1999a) was ported elsewhere (see Rodriguez, 1987). According to
achieved. In Experiment 2, on the contrary, only a the cited author, if the underlying process is logistic-
bottom-up effect through fish excretion would be re- like, using an exponential model will produce underes-
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that periphyton is an agent involved in the light at-
tenuation experienced by submerged macrophytes, but
they did not establish a correlation between carp pop-
ulations and epiphytic development. In the present
study, a high percentage of plant destruction was
due to carp herbivory. However, previous studies per-
formed in the VIRC (Sidorkewicj, 1998; Sidorkewicj
et al., 1998, 1999h) revealed that, although a cer-
tain plant consumption by fish existed, other processes
such as increases in abiogenic and biogenic turbidity
AFDW (mg cm’?) were involved in plant damage. In such situations, the
Figure 2. Attenuance-biomass datasets and fitted rectangular hy- increased light attenuation caused by periphyton en-
perbolae obtained in Experiment 1. Treatment abbreviations as in hancement could be crucial, adding a new stress factor
Figure 1. to vegetation.
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