OIKOS 59: 373-381. Copenhagen 1990

Fertility and the food quality of wetland plants: a test of the
resource availability hypothesis

S. J. McCanny, P. A. Keddy, T. J. Arnason, C. L. Gaudet, D. R. J. Moore and B. Shipley

McCanny, S. J.. Keddy, P. A, Arnason, T. J., Gaudet, C. L., Moore, D. R. J. and
Shipley, B. 1990. Fertility and the food quality of wetland plants: a test of the
resource availability hypothesis. — Oikos 59: 373-381.

We tested the resource availability hypothesis of antiherbivore defence with emer-
gent wetland plant species. A physiological measure of the food quality of these
species was derived using the growth rates of Ostrinia nubilalis larvae on agar-based
diets with plant secondary compounds and fiber incorporated at 20% of their concen-
tration in fresh leaf tissue. The correlations between food quality and the weighted
mean and median positions of these species along four different fertility gradients
were examined. No correlations were found. Similarly, there was no correlation
between food quality and the maximum relative growth rates of these plants as
seedlings. These results and others in the literature point to the lack of generality in
the food quality predictions made by optimal defence theory.
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Introduction

Life history theory is largely derived from the observa-
tion of negative correlations between character traits
which reasonably can be supposed to draw upon the
same resource base (Southwood 1988). The traits in-
volved in these “trade-offs” often can be linked to driv-
ing variables in the environment (Grime 1979, South-
wood 1988). The net result is that broad predictions can
be made about the characteristics of organisms living in
a given environment.

A recent example of this approach is the prediction
that antiherbivore defences in plants should be more
effective in habitats with low resource availability (Co-
ley et al. 1985). This prediction is based upon a trade-off
between maximum growth rate and defence investment.
It has proven difficult to detect a measurable cost of
defence investment in terms of lost potential for growth
or reproduction (Simms and Rausher 1987, Brown
1988; but see Coley 1986) and therefore difficult to
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make a case for a defence model that is based on trade-
offs. Nonetheless, the prediction of variation in the
level of herbivory along resource gradients is an attrac-
tive alternative to the “apparency” hypotheses of Feeny
(1976) and Rhoades and Cates (1976), for at least three
reasons:

1) The resource availability hypothesis for antiherbi-
vore defence has been incorporated into Southwood’s
(1988) generalized habitat templet model and so could
lead to a general model for antipredator defence.

2) In addition to the qualitative predictions made by
the apparency hypotheses about the type of secondary
chemicals used for defence, Coley et al. (1985) make
quantitative predictions about the level of herbivory in
the vegetation of a given habitat.

3) It would appear easier, at least at first glance, to
quantify resource availability than apparency, the avail-
ability of plants to their herbivores.

Our approach to testing this hypothesis arises out of
the tradition of comparative plant ecology (Rorison et
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wise, our measure of food quality would only apply to
this single introduced pest species. It certainly cannot be
argued that highly polyphagous organisms are specifi-
cally adapted to each of the wide variety of defensive
chemicals that they encounter in their diet. The assump-
tion of correlation between food value estimates based
on different generalist herbivores has held up well in
previous studies (Reader and Southwood 1981, Mac
Lean and Jensen 1985, Rathcke 1985).

Diet preparation and bioassay

Leaf tissue was homogenized and filtered under suction
(Whatman#1). The filtrate was dried to a residue in a
roto-evaporator and then taken up again in 5 ml of 95%
ethanol. The unextracted fiber was dried at 60°C,
scraped off the filter paper and ground in a Wiley mill.

The ethanol extract and fiber components of each
plant species were incorporated into diet cubes at 20%
of their concentration in fresh leaf tissue. The concen-
trated extract (4 ml) was added to a tared beaker and
then dried to a residue under N,. The residue was solu-
bilized with 0.5 ml of 95% ethanol. Eighty percent of
the dry weight of the powdered fiber taken from the
same 10 g tissue sample was also added to the beaker. A
hot (35-40°C) corn-agar diet mixture (Guthrie et al.
1972) was added to achieve a total weight of 40 g and
the entire mixture was allowed to set in a mold yielding
twenty diet cubes (= 2 g each). A control diet was
prepared with 0.5 ml ethanol and 40 g of the corn-agar
diet mixture.

Individual third instar larvae (= 2 wk old) were
weighed and then placed in cotton plugged vials with
single diet cubes. They were incubated in a growth
cabinet at 26°C/19°C day-night temperature regime,
90% relative humidity and a 18:6 L:D photoperiod for a
total of eight days. Between 15 and 20 larvae were
tested for each plant species. For every set of four plant
species that were tested, twenty larvae were grown on
control diets. At the end of the eight day growth period
all the larvae were weighed and their growth rates were
calculated as the difference between the natural loga-
rithms of the final and initial weights divided by the
growth period. The Food Quality Index (FQI) for each
species was calculated as the ratio between the mean
larval growth rate for that species and the mean growth
rate of the accompanying control larvae.

Field survey

Three study locations were chosen in Eastern Ontario,
Canada (Westmeath and Presqu’ile) and Western Que-
bec (Luskville). At each study location, five sites of
varying standing crop were selected. The Presqu’ile
study location (44°0'N, 77°43'W) is a peninsula located
on the north Lake Ontario shoreline within Presqu’ile
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Provincial Park. The sites surveyed included two low
standing crop (1-400 ¢ m™?) wet meadows, a moderate
standing crop (200-500 g m™?) fen, a high standing crop
(400-900 g m™?) marsh and a very high standing crop
(8002500 g m™?) Typha marsh. The Westmeath study
location (45°47'N, 76°50'W) is a riverine shoreline lo-
cated on the Ottawa River 22 km southwest of the city
of Pembroke. At this location, we surveyed two open
beach sites with low standing crops as well as a moder-
ate and a high standing crop marsh located in Bellows
Bay. A very high standing crop Typha marsh located 15
km south of Westmeath was also surveyed. The Lusk-
ville study location (45°31'N, 76°6"W) is also a riverine
shoreline located 5 km west of Luskville, Quebec on the
Ottawa River. The survey included two low standing
crop shoreline sites, moderate and high standing crop
sheltered marshes, and a very high standing crop Typha
marsh.

The study locations were surveyed 12-14 September,
1986 (Presqu’ile), 19-19 August, 1987 (Luskville} and
25-26 August, 1987 (Westmeath). At each of the five
sites representing different levels of standing crop, fif-
teen quadrats (0.5 m x 0.5 m} were randomly chosen.
Each quadrat was divided into nine equivalent sub-
sections. The abundance of each species in a given
quadrat was estimated by the number of subsections in
which it occurred (0-9). The vegetation in each quadrat
was clipped at grund level, dried to constant biomass at
60°C and weighed to determine standing crop. A total
of 141 species were identified in the 225 quadrats exam-
ined at these three locations.

Soil analysis and a stoichiometric index

As part of the survey, five soil cores (10 cm depth, 3 cm
diameter) were taken from each quadrat; one core from
the center and one from each corner. These samples
were pooled, frozen within eight hours and subse-
quently analyzed together. Chemical analyses were per-
formed by Agri-Food Laboratories in Guelph, Ontario.
Nitrates were extracted in deionized water and assayed
with an ion selective electrode (McKeague 1978). Total
phosphorus was measured by the sodium bicarbonate
extractable method and potassium and magnesium were
assayed by the ammonium acetate extraction method
(McKeague 1978).

The concentrations of each of these nutrients varies
along an independent gradient. We attempted to com-
bine these values into a single index of fertility by com-
paring the ratios of nutrients found in the soil to the
stoichiometric ratios in which they combine in wetland
plant tissues. We assumed that all species in our study
have identical nutrient concentrations and therefore
identical long term requirements. This can be justified
in light of the minor variations in nutrient tissue concen-
trations between wetland species and across sites (Boyd
1978). We further assumed that the various extraction
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Fig. 2. Scatter diagram of the relationship between the food
quality index of a plant species and the weighted mean standing
crop of the quadrats in which it occurred.

Results

Appendix 1 lists the food quality indices for the forty
two species of wetland plants for which fertility or maxi-
mum growth rate data were available. The wvalues
ranged from slightly greater than one, indicating en-
hanced growth rates from the incorporation of plant
extract and fiber into O. nubilalis diets, to less than
zero, indicating weight loss and toxic effects by the
species involved. The species that prevented positive
growth, Solidago graminifolia and Coreopsis rosea,
were both from the Asteraceae. The only appreciable
mortality occurred among the larvae feeding on a S.
graminifolia diet. Nine of the nineteen larvae in this
group did not survive the eight day test period. When
these toxic species were excluded, the food quality in-
dex of the remaining forty species ranged from 1.07 to
0.50. This group was composed of graminoids and forbs
in equal proportions. There was no significant differ-
ence in the mean food quality indices of the non-toxic
forbs and the graminoids (t,,, = 0.06; df = 38).
Intraspecific variation in food quality was examined
for two common species, Lythrum salicaria, a forb, and
Phalaris arundinacea, a graminoid. Each species was
sampled in four different localities and their tissues

were separately incorporated into diet cubes. The effect
of these separate samples on the growth rates of O.
nubilalis larvae is shown in Table 1. The P. arundinacea
diets consistently suppressed growth more than the L.
salicaria diets and the variation within species was simi-
lar.

Fig. 1 demonstrates the distribution of thirty species
along a standing crop gradient. These are the species for
which food quality data were available and that oc-
curred in more than five quadrats in the vegetation
survey of the Presqu’ile, Westmeath and Luskville loca-
tions. Table 2 shows that the mean and median fertility
values for these species varied over one to two orders of
magnitude. Nonetheless, food quality was unrelated to
either the mean or the median position of species on any
of the four fertility gradients examined (Fig. 2; Table 2).
A comparison of food quality between the species col-
lected in the nutrient-rich Ottawa Valley habitats and
those collected in the nutrient-poor Wilson’s Lake hab-
itat showed no difference (t,,, = 0.84; df = 40). Simi-
larly, there was no relationship between food quality
and the relative growth rate of thirty two plant species
as seedlings (Fig. 3). The lack of correlation in Figs 2
and 3 was not affected by the elimination of the outlying
toxic species.

Discussion
Intraspecific variation

In correlating species characteristics, it is important to
consider their intraspecific variation. If there is more
variation within species than between species then the
characteristic is inappropriate for comparisons across
species. Table 1 demonstrates that the ranges of food
quality in two species are considerably less than that for
the entire data set. It is possible, of course, that several
species in our study have wide intraspecific variation in
food quality. One would then expect a random relation-
ship between the food quality of single collections and
the mean positions of these species along a nutrient
gradient.

Several species showed considerable variation in their
position along a standing crop gradient (Fig. 1). In

Table 2. The range of eight measures of species position on fertility gradients for thirty species of wetland plants and the Pearson
correlation coefficient (r) between each measure and the food quality index. All regressions are non-significant at p = 0.05.

Fertility measure Maximum Minimum r

Mean standing crop (g m~?) 1012.8 83.2 0.07
Median standing crop (g m™?) 1739.2 22.8 ~0.04
Mean stochiometric fertility index 9.3 1.9 0.19
Median stochiometric fertility index 19.9 1.8 -0.05
Mean soil nitrate content (ppm) 21.0 4.3 0.12
Median soil nitrate content (ppm) 86.0 3.0 -0.14
Mean soil phosphorus content (ppm) 19.9 33 0.14
Median sotl phosphorus content (ppm) 18.0 1.0 -0.02
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conditions. The “fertile” species are expected to have
an innate tendency to make low allocations of resources
to defence and therefore to have high food quality (Co-
ley et al. 1985). This tendency should be enhanced if
these species are grown under a fertile growth regime
(Chapin, pers. comm.). Our study design should make
the discovery of a correlation between food value and
position on a fertility gradient more likely than would
be the case for an experimental design where the tissues
for food value analysis were grown under the same
nutrient regime. Nonetheless, we did not find such a
correlation.

Our study combines quantitative estimates of re-
source availability with a physiological estimate of food
value. It represents the most detailed and extensive test
to date of the relationship between these variables. The
tack of correlation between them, even in the extreme
case of a lack of difference between the food quality of
the Wilson’s Lake flora and the Ottawa Valley flora,
suggests that there is little generality to the predicted
relationship. Part of the reason for this lack of correla-
tion is the lack of correlation between maximum growth
rate and position along a fertility gradient (McCanny,
pers. obs.). This goes counter to Grime’s (1979) pre-
dictions for growth rate and stress. A further possibility
is that structural features of the plants under consid-
eration could act secondarily as a defence against herbi-
vory. The reeds (leafless plants) in our study have fi-
brous support structures which likely serve a defence
function as well. These species may not have been se-
lected for further defences through either herbivore
tolerance or avoidance. We did not measure leaf tough-
ness, so this defence capacity would not be included in
our estimate of food value. Since reeds occur across a
broad range of fertilities, they could introduce consid-
erable scatter to a hypothetical resource-food value re-
lationship. However, removing the reeds from the data
set does not improve the relationship in Fig. 2 (r* =
0.01; n = 23).

Support for a relationship between resource availabil-
ity and food value is essentially restricted to the refer-
ences in Coley et al. (1985). Upon searching the recent
literature, we can only add one reference. Mills (1986)
provides anecdotal evidence that the Californian chap-
arral has less fertile soil and less herbivore damage than
the Chilean matorral. The clearest example of such a
relationship is Coley’s (1983) seminal work on herbi-
vory in sun-demanding (high resource) and shade-toler-
ant (low resource) saplings in the light gaps of tropical
forests. Newberry and de Foresta (1985) were unable to
replicate Coley’s (1983) results, finding no difference in
the levels of herbivory in shade-tolerant and sun-de-
manding saplings grown in full sunlight. Interestingly,
they found the lowest levels of phenolics and the highest
levels of herbivory among shade-tolerant species grow-
ing in the primary forest understory. This result may be
explained as the result of light regulation of the syn-
thesis of phenolics (Swaine and Harborne 1979). In a
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similar vein, Baldwin and Schultz (1988) found higher
levels of phenolics among sun-demanding species of
Miconia than for shade-tolerant members of the same
genus grown in full sunlight. This suggests higher levels
of defence investment or lower food quality in species
adapted to high resource availability and faster growth
rates. Under the assumptions of the mathematical
model in Coley et al. (1985), the tendency for plants
adapted to low resource environments to defend their
tissues as little as or less than plants of high resource
environments can only be explained if potential losses
to herbivory are consistently lower in the low resource
environments under consideration. Measurements of
potential herbivore pressure would provide a useful
complement to future studies of the resource availabil-
ity hypothesis.

Conclusions

The picture that is emerging is that optimal defence
theory is still unable to make general predictions about
the food quality of plants to their herbivores, whether
these predictions are based on apparency or resource
availability. Both these predictors are multi-faceted and
difficult to measure and this contributes to their lack of
utility in predicting food quality. Nonetheless, there
appears to be much potential in such variables as the life
expectancy (Southwood et al. 1986) and regrowth capa-
bility (van der Meijden et al. 1988) of leaves in deter-
mining their suitability as food for herbivores.
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Fig. 3. Scatter diagram of the relationship between the food
quality index of a plant species and its relative growth rate as a
seedling.

particular, three species occurred at very low standing
crops {< 8 g m™?) as well as at moderately high standing
crops (= 600 g m~2).- This seems to indicate an ability to
withstand high levels of disturbance rather than low
levels of nutrients (Day et al. 1988). Most species were
found in the 100400 g m™ range of standing crop and
few species had mutually exclusive ranges. Nonetheless,
the distributions tended to be unimodal and leptokurtic
(i.e. exhibiting a high maximum frequency; not shown
in Fig. 1). As a result, species with similar standing crop
ranges tended to have different weighted mean and
median standing crop values.

Species with low food quality

Unlike MacLean and Jensen (1985), we did not find
that forbs had consistently higher food quality than
graminoids. Of course, we did not present intact plant
tissues to the O. nubilalis larvae and so the physical
differences between plants were minimized.

There were few surprises among the species with the
lowest food quality (Appendix 1). Members of the As-
teraceae are known to contain phototoxins, although
these are usually most concentrated in inflorescences
(Arnason et al. 1986). It should be noted that other
members of the Asteraceae (esp. Gnaphalium uligino-
sum and Artemisia campestris) were shown to have high
food quality. It is surprising that the species that demon-
strated the most toxic effects, Solidago graminifolia,
should be listed by Hudon and LeRoux (1986) as a host
species for Ostrinia nubilalis in the wild. Perhaps the
leaf tissue of this plant differs markedly in food quality
from its stem tissue, where O. nubilalis is found in
nature. The phototoxin hypericine is found in species of
the genus Hypericum, such as H. ellipticum in this
study. Another species we found to have low food qual-
ity was Phalaris arundinacea. This genus has long been
noted for its antiherbivore effects (Oram and Williams
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1967). Leersia oryzoides or cut grass is known for its
small, stiff spinules along the edge of leaf blades. This
physical defence could well have been preserved in the
ground fiber of our artificial diet, conferring a low food
quality on this species. The remaining two species with
food quality indices less than 0.6 were Scirpus amer-
icanus and S. cyperinus. These reeds would be expected
to present physical barriers to chewing insects, however
much of this effect would be lost by grinding the plant
fiber. Two other members of this genus, S. fluviatilis
and S. acutus, demonstrated intermediate food quality
in this study.

Antiherbivore defence theory

The theory detailed in Coley et al. (1985) essentially
offers two alternative models for antiherbivore defence
in plants: tolerance and avoidance. Species with high
growth rates tolerate herbivory and those with low food
quality avoid it. Assuming a trade-off between these
two “strategies” and assuming that plants with high
growth rates dominate habitats with high resource avail-
ability, they predicted that both maximum growth rate
and resource availability will be positively correlated
with food quality. We will consider these predictions
individually.

Maximum growth rate and food quality

Although much work supportive of Coley et al. (1985)
has been published on the relationships between food
quality and life form or successional status (Reader and
Southwood 1981, MacLean and Jensen 1985, Rathcke
1985), only four studies have directly tested the rela-
ttonship between plant growth rate and food quality.
Sheldon (1987) and Coley (1988) have demonstrated
that rapidly growing plant species are the preferred
foods of generalist herbivores. The results of our study
and those of van der Meijden et al. (1988) show no such
relationship. Van der Meijden et al. (1988), studying
dune biennials, did find a positive correlation between
herbivore damage and the capacity for regrowth after
herbivory. They found this latter variable to be a more
cogent descriptor of herbivore tolerance than the
growth rate of a plant in the absence of herbivores.
Perhaps regrowth rates will provide better predictions
of food value than maximum growth rates can.

Resource availability and food quality

We sampled the leaf tissues of the various species in this
study without reference to position on fertility gra-
dients. As a result, we tended to sample species that
were adapted to high fertility in fertile growing condi-
tions and species adapted to low fertility in infertile
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Table 1. Intraspecific variation in the food quality index of two
wetland plant species.

Lythrum salicaria ~ Phalaris arundinacea

6.71 0.58
0.87 0.61
0.85 0.48
0.77 0.63
Mean 0.81 0.58
S.D. 0.07 0.07

procedures detect equivalent proportions of the poten-
tially available pool of each nutrient. Finally, we as-
sumed that the nutrient ratios within quadrats and the
relative nutrient status between quadrats remain
roughly constant throughout the growing season.

The concentration of each nutrient (N, P, K and Mg)
in the soil of each quadrat (ug g~* of soil) was divided by
its average concentration in wetland plant tissue (ug g™
of plant tissue; Boyd 1978). The resultant ratios have
units of grams of plant tissue per gram of soil and
represent the maximum efficiency with which soil can
be converted to plant tissue if the nutrient under consid-
eration is limiting. The lowest such ratio for a given
quadrat would be that of the most limiting nutrient of
the four nutrients considered and should be propor-
tional to its fertility. This ratio was taken as the stoichi-
metric fertility index.

Species positions along fertility gradients

Species abundance values were used to weight fertility
indices and calculate the mean and median positions of
species along the corresponding fertility gradient. Only
species present in more than five quadrats were exam-
ined. The four measures of fertility used were standing
crop (g m™?), soil nitrate content (ppm), soil phospho-
rus content (ppm) and the stoichiometric fertility index.
The mean fertility for each spexies (f;) was calculated as
follows:

Z ay b
f =
2 a;

where a;; reepresents the abundance of the ith species in
the jth quadrat and b, represents the fertility of the jth
quadrat. The median fertility for each species was calcu-
lated by assigning the average fertility of the jth quadrat
(b;) to every subsection of the quadrat containing a
given species. The fertilities of these subsection were
ranked and the median value was taken as the median
fertility for the species.
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Maximum growth rates

Plants were grown from seed in commercial potting soil
{Fafard Black Earth) in twelve replicate pots (10.5 cm
diameter, 9 cm depth) at the McGill University Phy-
totron. The pots were fertilized with Plant Products
water soluble fertilizer. This fertilizer consisted of a
20:20:20 ratio of total nitrogen, available phosphoric
acid (P,0y), soluble potash (K,0) plus Fe, Mn, Zn, Cu,
B, Mo and a 1% chelated metal complex of EDTA. Six
seedlings from each species were harvested ten days
after germination and the remainder were harvested at
thirty days. Relative growth rate for each species was
estimated as the slope of the least squares regression of
the natural logarithm os seedling dry weight on time.
Due to incomplete germination, the final number of
replicates per species was sometimes less than twelve.
Subsequent trials under various fertilizer regimes dem-
onstrated that the growth regime was close to optimal
(Shipley and Peters in press).

Artemisia compestris -

Sparting pectinoto —_— J— ———

Eteocharis obtusa [

Juncus bufonius PO

Eleocharis erythropoda ———

Leersia oryzoides +
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Gnaphalium uliginosum J S ——
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Fig. 1. Distribution of thirty wetland species along a standing
crop gradient. Horizontal lines indicate the presence of a spe-
cies in a logarithmic standing crop inverval. Vertical bars in-
dicate the standing crop interval in which a species occurred in
the greatest number of quadrat sections.
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al. 1987, Keddy 1989a). We set out to screen as many
plant species as possible for the traits that theory pre-
dicts to be correlated: maximum growth rate, antiherbi-
vore defence capacity and distribution along specific
resource gradients. We chose our methodologies ac-
cordingly.

The measurement of relative growth rate is a stan-
dard procedure in comparative plant ecology (Grime
and Hunt 1975). By contrast, there exists a wide range
of techniques for assaying defence capacity and a num-
ber of possible approaches to examining resource gra-
dients.

We chose a bioassay approach for the measurement
of defence. It is well suited to screening a large number
of species with diverse morphologies (Reader and
Southwood 1981, MacLean and Jensen 1985, Rathcke
1985). Bioassays of defence capacity are usually based
on the amount of tissue that a test herbivore will con-
sume under experimental conditions. It is a behavioral
measure of food quality. One variation of the bioassay
approach involves the comparison of herbivore growth
rates on prepared diets incorporating different plant
tissues or chemicals (Arnason et al. 1987). This tech-
nique focuses on the ability of a generalist herbivore
species to metabolize a given plant tissue or phytochem-
ical. It provides a physiological measure of food quality.
Although no prepared diet can reconstruct fresh leaf
tissue, this approach allows for considerable flexibility
when sampling species that are neither abundant nor
easily accessible in the field (Warther et al. 1982).

The measurement of resource availability and the
position of species along resource gradients also require
careful consideration. Resource availability is such a
multifaceted concept that variation is usually confined
to one or several closely related aspects of the consum-
able niche requirements (see Tilman 1982) of the spe-
cies in any given study. Communities of emergent wet-
land plants are interesting in this respect. The produc-
tivity of a wetland stand is not limited by either moisture
or sunlight availability. Soil fertility is the predominant
aspect of resource availability in these communities
(Day et al. 1988). We chose to measure fertility in a
number of ways, including estimates of the soil concen-
trations of single macronutrients (e.g. N and P} and
composite indices such as standing crop and a combina-
tion of soil characteristics which gives due consideration
to the ratios of nutrients required by the vegetation.

Studies of the resource availability hypothesis have
tended to contrast the defence capacities of the plant
species growing in two different resource states (McKey
et al. 1978, Bryant and Kuropat 1980, Coley 1983, New-
berry and de Foresta 1985, Baldwin and Schultz 1988).
However, in most natural communities, we can expect
resource availability to vary along natural gradients
(Grime 1979, Tilman 1982, Keddy 1989b). This is espe-
cially true in wetland vegetation (Hutchinson 1975, Day
et al. 1988). We tested the resource availability hy-
pothesis in wetland habitats by looking for positive cor-
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relations among maximum growth rate, food quality
and position along fertility gradients.

Methods

Tissue collection

For each plant species, ten grams (fresh weight) of leaf
tissue were collected in the field and preserved in 95%
ethanol (Warther et al. 1982). The sampling took place
in wetland sites along the Ottawa River and the ad-
joining Canadian Shield lakes, wherever each species
could be found in abundance and without reference to
their position along fertility gradients. This involved the
assumption that the defence characteristics of each spe-
cies did not vary greatly under different growing condi-
tions. Multiple collections of Lythrum salicaria and
Phalaris arundinacea were made to examine this as-
sumption. Most collections were made at two sites:
Luskville and Westmeath (see below). Five species (see
Appendix 1) were collected in the infertile wetlands at
Wilson’s Lake in the Tusket River valley of Nova Sco-
tia, Canada (Keddy 1984, 1985, Wisheu and Keddy
1989). Collections were made late in the growing season
(15 Sep—8 Oct) but care was taken to avoid the collec-
tion of senescent material. All above ground tissue,
including stems and inflorescences, was collected for
Gratiola aurea and Gnaphalium uliginosum because it
was too difficult to separate their small leaves from the
other tissues. Nine species were leafless reeds (see Ap-
pendix 1) and were collected without distinguishing be-
tween stem and leaf tissue. Where there was differ-
entiation into flowering and vegetative stalks, only the
latter were collected. Petioles and leaf sheaths were
excluded. For the smaller species, leaf tissue from many
individuals was pooled to make up a 10 g sample. Taxo-
nomy follows Gleason and Cronquist (1963).

Test herbivore

Ostrinia nubilalis (European corn borer) was selected as
the test species for the bioassay work. A fully grown,
fifth instar larva of this pyralid moth is about 25 mm
long and 3 mm wide. O. nubilalis is highly polyphagous.
It has been shown to attack plants from all the major
plant families (Kaffrey and Worthy 1927). Its host range
in nature is known to include over 100 species (Hudon
and Le Roux 1986). Among its known hosts in Canada
are some wetland species, including three of the test
species: Solidago graminifolia, Bidens cernua and B.
frondosa (Hudon and Le Roux 1986). The larvae were
cultured in the laboratory on a corn (maize) based agar
diet (Guthrie et al. 1972).

In using only one species of herbivore for our bioas-
say, we assume that generalist herbivores respond to
diverse food sources in broadly similar ways. Other-

OIKOS 59:3 (1990)



