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DISTURBANCES AS A STRUCTURING FACTOR OF PLANT PALATABILITY
IN AQUATIC COMMUNITIES
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Abstract. Plant palatability plays an important part in the fitness of species and is
therefore regarded as a key functional trait. The aim of this study was to relate the palatability
of aquatic macrophytes to their distribution in riverine wetlands differing in their exposure
to spate flood disturbances. Thirty-three former channels of the Rhône River Basin (eastern
France) were characterized in terms of flood-disturbance level. Nutrient richness was also
measured to eliminate its potential confounding effect. The coverage of 40 macrophyte
species was recorded in these wetlands, and their palatability was assessed through labo-
ratory feeding trials using a generalist consumer, the pond snail Lymnaea stagnalis. The
consumption rate of L. stagnalis ranged from 3.9 mg·g21·d21 (for Hottonia palustris) to
137.9 mg·g21·d21 (for Sagittaria sagittifolia) and was used as a palatability index. Plant
palatability was unrelated to the nutrient richness of sites but was positively correlated
with their flood-disturbance level. However, the strength of this correlation decreased as
nutrient richness increased. These results suggest that spate floods promote functional
diversity in riverine wetlands, allowing the persistence of the most palatable plant species
otherwise eliminated by herbivores, especially in nutrient-poor habitats.

Key words: disturbance; diversity, functional; fluvial dynamics; freshwater macrophytes; her-
bivory; Lymnaea stagnalis; nutrient richness; plant palatability; riverine wetlands; spate floods.

INTRODUCTION

Invertebrate herbivory plays an important part in the
geographical distribution and relative abundance of
plant species, both in terrestrial (Bruelheide and Schei-
del 1999, Erneberg 1999), marine (Tamelen 1996, Duf-
fy and Hay 2000) and freshwater systems (Lodge and
Lorman 1987, Sheldon 1987). Plant palatability is re-
garded as a key functional trait, as it governs in part
the competitive success of species (Van et al. 1998,
Rachich and Reader 1999, Gross et al. 2001). Some
plant species can effectively reduce herbivore con-
sumption through morphological adaptations or deter-
rent chemical compounds (Newman et al. 1996, Cronin
1998, Pennings et al. 1998, Kubanek et al. 2001). Such
species should have the ability to persist in habitats
where herbivore pressure is high, even under resource-
limited conditions (Coley et al. 1985, Sheldon 1987).
In contrast, high-palatability species should be restrict-
ed to habitats either with low herbivore pressure (Shel-
don 1987, Feminella and Resh 1989, Tamelen 1996),
or where productivity is sufficiently high to allow
plants to compensate for biomass losses (Coley et al.
1985, Jacobsen and Sand-Jensen 1992).

Previous studies have demonstrated that the most
palatable species are generally associated with early
stages of secondary succession (Grime et al. 1968,
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Cates and Orians 1975, Briner and Frank 1998, Elger
et al. 2002). Such species are typically fast growing,
allocate a large part of their resources to reproduction,
and are favored by both high disturbance levels and
high nutrient availability (i.e., ‘‘ruderal’’ species, sensu
Grime [2001] and Kautsky [1988]). Microcosm exper-
iments demonstrated that ruderal species are the most
affected by the presence of herbivores (Fraser and
Grime 1999, Buckland and Grime 2000). However, as
far as we know, no study has tested the link between
the palatability of plant species and their relative abun-
dance in natural communities distributed along a dis-
turbance gradient.

Macrophyte communities in former channels of pied-
mont rivers are ideal systems for field testing the re-
lationship between disturbance level and plant palat-
ability. Such communities are spatially well delimited,
and their species composition is strongly influenced by
spate disturbances (Bornette et al. 1998, 2001). These
scouring events are brief and unpredictable, and they
break or uproot aquatic plants (Henry et al. 1994,
1996). The exposure of former channels to spate scour-
ing depends on their location relative to the active chan-
nel and on other geomorphological properties such as
their slope and sinuosity. These channels can therefore
be ranked along a disturbance gradient.

The purpose of the present work is to determine if
the palatability of freshwater macrophyte species is
correlated with the disturbance level of their habitat.
The hypothesis is that a positive correlation should
occur between the palatability of the species and the
disturbance levels of the sites where they are the most
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abundant. To avoid a potentially confounding effect of
site nutrient richness, which might also be positively
correlated with plant palatability (Coley et al. 1985)
and could covary with site disturbance level (Bornette
et al. 2001), we independently assessed nutrient rich-
ness in the wetlands studied, and tested the effect of
these two environmental factors on plant palatability.

MATERIALS AND METHODS

The study was undertaken in 33 former channels of
the Rhône River Basin, in Eastern France (458829 N,
58209 E). Twenty-one of these wetlands were located
along the Rhône River, and 12 along one of its tribu-
taries, the Ain River.

Assessment of the environmental characteristics
of the study sites

As the direct assessment of flow velocity is not pos-
sible during spate floods, disturbance level was as-
sessed through site exposure to spate floods, and
through observed effects of disturbance (substrate ero-
sion). Site exposure was estimated through the annual
number of days of river overflow in the former channel
(each flood event does not exceed four days on average
[Combroux et al. 2001]), channel slope, and drainage
capacity (mean depth and width). Increasing slope or
decreasing drainage capacity of the channel both in-
crease flow velocity, i.e., the scouring effect of floods
(Bravard and Gilvear 1996, Gilvear and Bravard 1996).
As the Ain and Rhône Rivers differ in their discharge
rates, the drainage capacity of the channels studied was
normalized per river system to allow comparisons. The
net effect of disturbances was assessed through sub-
strate grain size, which provides information on the
dominant process, either erosion or deposition, oper-
ating in the former channels of a given alluvial flood-
plain (Poff and Ward 1990, Lamberti et al. 1991). Sub-
strate grain size was visually assessed on 2-m-wide
transects crossing the channels and distributed regu-
larly along their upstream–downstream gradient (one
per 25 or 50 m, depending on channel length and sub-
strate heterogeneity). The percentage cover of each of
the following five grain-size classes was recorded:
coarse, diameter (D) 5 2–250 mm; sand or sandy silt,
D 5 0.01–2 mm; silt and clay, D , 0.01 mm; mud;
and peat. Substrate grain-size profiles were then estab-
lished for each channel (relative abundance of each
grain-size class, summed abundance 5 100%). Nor-
malized principal component analysis (nPCA) was per-
formed on the grain-size table, and the first principal
component was used as an integrative grain-size var-
iable for the assessment of flood-disturbance level. The
location of each channel j along the disturbance gra-
dient (Disj) was provided by the first principal com-
ponent of a second nPCA performed on overflow fre-
quency, slope, and normalized drainage capacity of the
channel, together with the integrative grain-size vari-
able.

Both phosphate and ammonium levels in the water
have been recognized to be the main parameters gov-
erning nutrient status in aquatic habitats (Kohler et al.
1974, Carbiener et al. 1990). Water samples were col-
lected monthly from each site over one year for chem-
ical analysis. Ammonium N and phosphate contents
were measured by colorimetry after standard HACH
procedures (HACH Company, Loveland, Colorado,
USA). As sediment is able to accumulate phosphorus
and to act therefore as an alternative nutrient source
for aquatic plants (House et al. 1998), total phosphorus
content of the five upper centimeters of sediment was
also measured by spectrophotometry on core samples
collected at each site. The nutrient content of both wa-
ter and substrate (water phosphate and ammonium N
contents, total sediment phosphorus content) were an-
alyzed through nPCA, and the first principal component
was used to define the location of each channel j along
the nutrient gradient (Nutj).

Vegetation sampling

Aquatic vegetation was surveyed on 2-m-wide tran-
sects crossing the former channels and distributed reg-
ularly along their upstream–downstream gradient (one
per 25 or 50 m, depending on channel length and spatial
heterogeneity, resulting in 4 to 64 transects per chan-
nel). The cover of each occurring species was visually
measured and expressed as the relative cover percent-
age of the species on the transect, using the Braun-
Blanquet cover classes (Braun-Blanquet 1932). The av-
erage cover percentage of each species was then cal-
culated for each channel.

Assessment of plant palatability

The palatability of 40 macrophyte species was as-
sessed with the pond snail Lymnaea stagnalis (L.),
which has been successfully used in previous similar
laboratory studies (Smits 1994, Elger et al. 2002). The
regular diet of this snail includes both decaying and
living macrophyte materials, microbenthic algae, and
dead animals (Reavell 1980). Contrary to most fresh-
water gastropod species, L. stagnalis presents several
attributes indicating that it is adapted to macrophyte
feeding. Its big size (30–50 mm shell length on aver-
age) allows it to ingest coarse fragments of food, and
its digestion of tough cell walls is facilitated by an
active ingestion of mineral particles and by an endog-
enous cellulase activity, higher than for most other
freshwater gastropod species (Carriker 1946, Calow
and Calow 1975). Lymnaea stagnalis has been shown
to graze readily on more than 30 macrophyte species
among 15 families (Frömming 1956, Gaevskaya 1969,
Smits 1994), and can therefore be considered as a gen-
eralist consumer.

Lymnaea stagnalis individuals were grown on a let-
tuce-based diet in aquaria, in filtered water kept close
to 228C, and were used in palatability experiments 12–
18 weeks after hatching (shell length: 30.5 6 1.7 mm
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TABLE 1. Macrophyte species investigated for palatability in laboratory experiments using the pond snail Lymnaea stagnalis
(L.).

Family Species Type of fragments n† N‡

Characeae Chara major Vaillant
Chara vulgaris L.

leaves
shoots

15
7

2
1

Nymphaeaceae Nuphar lutea (L.) Smith
Nymphaea alba L.

portions of leaves
portions of leaves

13
15

1
2

Ceratophyllaceae Ceratophyllum demersum L. shoots 15 1

Alismataceae Baldellia ranunculoides (L.) Parl.
Luronium natans (L.) Rafin.
Sagittaria sagittifolia L.

portions of leaves
portions of leaves
portions of leaves

15
15
15

1
1
2

Lemnaceae Lemna minor L.
Lemna trisulca L.

whole plant
whole plant

15
15

3
1

Hydrocharitaceae Elodea canadensis Michaux
Elodea nuttallii (Planchon) H. St John
Hydrocharis morsus-ranae L.

shoots
shoots
leaves

15
14
15

2
2
2

Najadaceae Najas marina L. shoots 14 1

Potamogetonaceae Groenlandia densa (L.) Fourr.
Potamogeton coloratus Hornem.
Potamogeton compressus L.
Potamogeton crispus L.
Potamogeton lucens L.
Potamogeton natans L.
Potamogeton nodosus Poiret
Potamogeton pectinatus L.
Potamogeton perfoliatus L.
Potamogeton pusilus L.

shoots
portions of leaves
shoots
leaves
portions of leaves
portions of leaves
portions of leaves
leaves
leaves
shoots

15
15
15
15
15
15
15
15
15
15

3
1
1
1
2
3
2
3
2
2

Cyperaceae Eleocharis acicularis (L.) Roem. & Schult.
Scirpus lacustris L.

portions of leaves
portions of leaves

15
15

2
2

Juncaceae

Sparganiaceae

Ranunculaceae

Haloragaceae

Onagraceae

Primulaceae

Juncus articulatus L.

Sparganium emersum Rehmann

Ranunculus circinatus Sibth.

Myriophyllum verticillatum L.

Ludwigia palustris (L.) Elliott

Hottonia palustris L.
Samolus valerandi L.

portions of leaves

portions of leaves

shoots

whorls of leaves

leaves

leaves
leaves

15

13

15

15

15

15
14

3

3

2

2

2

2
2

Boraginaceae

Rubiaceae

Lamiaceae

Lentibulariaceae

Callitrichaceae

Hippuridaceae

Apiaceae

Myosotis scorpioides L.

Galium palustre L.

Mentha aquatica L.

Utricularia vulgaris L.

Callitriche platycarpa Kütz.

Hippuris vulgaris L.

Berula erecta (Hudson) Coville

leaves

shoots

leaves

shoots

shoots

whorls of leaves

leaves

15

15

15

15

14

15

15

3

2

2

1

2

2

2

Note: Nomenclature follows Corillion (1975) for Characeae and Tutin et al. (1964–1980) for flowering species.
† Total number of replicates.
‡ Number of populations surveyed.

[mean 6 1 SD]). Plants were collected in the field, and
samples were stored in a greenhouse for up to five days,
in dechlorinated tap water aerated and kept below 188C.
The different plant species were presented individually
to L. stagnalis in a non-choice feeding experiment, to
assess their relative palatability through snail feeding
rate (Briner and Frank 1998, Wardle et al. 1998). A
comparison of the feeding rates of L. stagnalis in non-
choice and multiple-choice experiments has shown that
the ranking of macrophyte species was not significantly
affected by the possibility of choice, which indicates

that non-choice tests are prone to correctly order the
species in terms of palatability and are little influenced
by compensatory feeding (Elger et al. 2002).

The consumption of L. stagnalis was recorded on
fragments of each plant species and expressed in terms
of dry mass following the method described in Elger
and Willby (2003). The types of fragment used for each
plant species are indicated in Table 1. In the case of
species that develop floating (e.g., Nuphar lutea, Po-
tamogeton natans) or emergent leaves (e.g., Scirpus
lacustris, Berula erecta), only submersed leaves were
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used. A relative consumption rate (RCR) was then cal-
culated by dividing the consumption value by the body
dry mass of the snail, estimated from its shell length
using an allometric model previously described (Elger
and Barrat-Segretain 2002).

Palatability experiments took place from the end of
May to mid-July 2000. Every week, 4–8 plant species
were tested, following a randomly determined order.
When possible, plant species were each collected from
two or three different sites to include intraspecific pal-
atability variations in the analysis, and therefore cal-
culate a mean RCR value that is representative of the
study area. The number of sites investigated and the
total number of replicates are given for each species
in Table 1.

Relationship between plant palatability
and environmental factors

We looked for a relationship between mean RCR,
used as a palatability index of each plant species, and
environmental characteristics of its habitat. The aver-
age locations of each species i along the disturbance
(Disi) and nutrient (Nuti) gradients were assessed on
the basis of species cover in each channel j (Covij):

(Cov 3 Dis )O i j j
j

Dis 5i
CovO i j

j

(Cov 3 Nut )O i j j
j

Nut 5 .i
CovO i j

j

The interactive effects of Nuti and Disi on RCRi were
assessed by means of multiple-regression analysis.

RESULTS

Environmental characteristics of the study sites

The first principal component of the analysis per-
formed on the grain-size table explained 36% of its
variation, and was positively correlated with silt/clay,
sand, and coarse gravel (r 5 0.82, 0.67, and 0.16, re-
spectively), and negatively correlated with mud and
peat (r 5 20.61 and 20.52, respectively). This prin-
cipal component therefore expressed the intensity of
erosive processes, which validated its use in assessing
disturbance level. The first principal component of the
analysis performed on the disturbance table explained
41% of its variation, and was positively correlated with
substrate grain size, overflow frequency, and slope (r
5 0.87, 0.73, and 0.41, respectively), and negatively
correlated with normalized drainage capacity (r 5
20.44). Hence, this component provided the location
of the study sites along the disturbance gradient. The
first principal component of the analysis performed on
the nutrient-richness table explained 62% of its vari-
ation, and was positively correlated with both ammo-
nium N water content, phosphate water content, and

phosphorus sediment content (r 5 0.91, 0.88, and 0.51,
respectively). Hence, this component provided the lo-
cation of the study sites along the nutrient gradient.
The locations of the study sites along nutrient and dis-
turbance gradients were not significantly correlated (r
5 0.11, n 5 33 sites, P 5 0.53).

Plant palatability

The relative consumption rates recorded with Lym-
naea stagnalis for the 40 plant species ranged from 3.9
6 1.2 mg·g21·d21 (mean 6 1 SE) for Hottonia palustris,
to 137.9 6 9.9 mg·g21·d21 for Sagittaria sagittifolia
(Fig. 1). Interspecific differences in plant palatability
were highly significant (ANOVA, F39, 544 5 17.47, P ,
0.001).

Link between plant palatability
and environmental factors

The palatability of each plant species was positively
correlated with the disturbance level of its habitat, but
unrelated to its nutrient richness (Fig. 2A). When tested
sequentially after the effect of nutrient richness in mul-
tiple-regression analysis, the effect of disturbance level
on plant palatability increased in significance (Table
2). Plant palatability was also significantly influenced
by the interactive effect of nutrient richness and dis-
turbance level (Table 2). Indeed, the slope of the linear
relationship between relative consumption rate RCR
and species location along the disturbance gradient was
maximal in the most oligotrophic sites and decreased
as nutrient richness increased (Fig. 2B). The interactive
effects of site nutrient richness and disturbance level
accounted for 31.7% of the interspecific variability in
plant palatability.

DISCUSSION

As reported in previous studies (Chambers et al.
1991, Jacobsen 1994, Cronin 1998, Elger et al. 2002),
our results revealed a wide interspecific variability in
the palatability of freshwater macrophytes to a gen-
eralist invertebrate consumer. This trait is usually con-
sidered to depend primarily on plant morphology and
on structural or chemical defenses, whereas the nutri-
tive value of tissue would be of secondary importance
(Chambers et al. 1991, Newman et al. 1996, Bolser et
al. 1998, Lodge et al. 1998). However, the aim of the
present work was not to identify the proximate causes
of variation in plant palatability, but to focus on the
ultimate causes of its variation. We therefore consid-
ered palatability as a global trait of each plant species,
and attempted to relate it to environmental character-
istics of its habitat.

We demonstrated a significant positive correlation
between the palatability of macrophyte species and the
disturbance level of their habitat, even when the effect
of disturbance level was tested sequentially following
that of nutrient richness in variance analysis. Jacobsen
and Sand-Jensen (1995) showed that biomass losses
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FIG. 1. Relative consumption rates recorded with Lymnaea stagnalis for 40 plant species through non-choice feeding
experiments performed in the laboratory. Data are means 6 1 SE.

due to herbivory on Potamogeton perfoliatus in Danish
streams and lakes were positively correlated with the
biomass of some invertebrate grazers, especially Lim-
nephilidae larvae, gastropods, and amphipods. The role
of hydraulic disturbances (e.g., wave action in lakes or
flood scouring in rivers) in the decrease of invertebrate
biomass, especially herbivorous species, has been pre-
viously demonstrated (McGaha 1952, Newman 1991,
Holomuzki and Biggs 1999, Nyström and McIntosh
2003). Therefore, high-palatability species should grow
preferentially in disturbed sites, characterized by a low
herbivore pressure. In contrast, high-palatability spe-
cies are probably eliminated from stable habitats, likely
because their susceptibility to grazing reduces their
competitive ability (Van et al. 1998, Gross et al. 2001).
This process of competitive exclusion does not explain
why unpalatable species are less abundant in disturbed
sites compared to others, but this pattern may be ex-
plained by the direct and ecological costs of anti-her-

bivore defenses (Strauss et al. 2002). Actually, the syn-
thesis of such defenses may be incompatible with the
short development time and high reproductive invest-
ment required for the long-term persistence of plants
in disturbed habitats (Kautsky 1988, Grime 2001).

We did not find any relation between the palatability
of macrophyte species and the nutrient richness of their
habitat. This is consistent with previous results from
wetland habitats showing that the defensive investment
of emergent macrophytes is unrelated to their location
along a fertility gradient (McCanny et al. 1990). How-
ever, our data indicate that the positive correlation be-
tween plant palatability and disturbance level decreases
as nutrient richness increases, the different species
tending to have an intermediate palatability in nutrient-
rich habitats whatever the disturbance level. Inverte-
brate herbivory on macrophytes might be reduced in
nutrient-rich habitats, even under low-disturbance re-
gimes, due to the top-down effect of some predators
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FIG. 2. Mean relative consumption rates (RCR) recorded with Lymnaea stagnalis for each of 40 plant species, used as
a palatability index. (A) RCR plotted against species locations along the disturbance (left) and nutrient-richness (right)
gradients. (B) RCR plotted against species locations along the disturbance gradient, for species located in nutrient-poor
habitats (left) or in nutrient-rich habitats (right). This plot illustrates the interactive effect of disturbance level and nutrient
richness on plant palatability, the slope of the linear relation between disturbance level and consumption rate decreasing as
nutrient richness increases.

TABLE 2. Variance analysis of the multiple regression between the mean relative consumption
rate (RCR) calculated for each macrophyte species and its location along nutrient-richness
and disturbance gradients.

Parameter df SS MS F P

Nutrient richness
Disturbance level
Nutrient richness 3 disturbance level
Residuals
Total

1
1
1

36
39

123.1
7057.4
6951.5

30 447.3
44 887.2

123.1
7057.4
6951.5

845.8
···

0.15
8.34
8.22

···
···

0.7051
0.0065
0.0069

···
···

such as fish (Sheldon 1987), or due to the higher avail-
ability of alternative foods such as microbenthic algae
(Sand-Jensen and Madsen 1989). Moreover, the ability
of macrophytes to compensate for biomass losses is

obviously higher in nutrient-rich habitats (Jacobsen and
Sand-Jensen 1992). Species with intermediate palat-
abilities can therefore develop in undisturbed nutrient-
rich sites, thereby weakening the correlation between
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plant palatability and habitat disturbance level. The in-
termediate palatabilities of some species growing in
disturbed habitats are more surprising, and the expla-
nation of this pattern would require further investiga-
tions to determine the proximate factors involved in
this decrease of palatability compared to species grow-
ing in disturbed nutrient-poor habitats.

The present work, combining field investigation and
laboratory experiments, outlines the importance of spa-
tial variation of flood disturbance in promoting plant
diversity in fluvial corridors. Such variations in dis-
turbance patterns may not only increase species rich-
ness on the floodplain scale (Pollock et al. 1998, Bor-
nette et al. 2001), but may also promote functional
diversity in riverine ecosystems, since low-palatability
macrophyte species dominate stable communities,
whereas high-palatability species tend to be eliminated
from such communities, especially in nutrient-poor
habitats. Although the exact role of herbivory in the
exclusion of these species remains to be studied, per-
haps via microcosm experiments or field manipulation,
it is clear that palatable species are dependent on flood
disturbances for their long-term persistence in fluvial
corridors.
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