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Summary Weed invasion can lead to changes in leaf
litter decomposition rates, thereby altering nutrient
cycling at invaded sites. Decomposition of alligator
weed (Alternanthera philoxeroides (Mart.) Griseb.)
litter was compared to decomposition of litter from two
native sedge species (Schoenoplectus tabernaemontani
(Gmel.) Palla and Isolepis prolifer (Rottb.) R.Br.) in a
northern New Zealand lake. Alligator weed biomass
was also measured monthly to quantify litter inputs
into the lake.

Alligator weed litter decomposed faster than both
of the sedge species, with over 60% of alligator weed
litter being lost from litter bags within the first three
weeks of the study. In comparison, slightly less than
60% of litter from each sedge species was lost over
the entire 10 week period of the experiment. In addi-
tion, alligator weed above-ground biomass dropped by
75% over the summer period following herbivory by
an introduced biological control agent (4gasicles hy-
grophila Selman & Vogt). Large, rapid inputs of litter,
uncharacteristic of those exhibited by native vegeta-
tion, along with rapid decomposition rates, may have
the potential to alter nutrient cycling regimes at sites
invaded by alligator weed. This could have flow-on
effects, including facilitation of further weed invasion
by altering temporal availability of nutrients.
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INTRODUCTION

Differences in relative amounts of substances such
as lignin and cellulose between plant species lead
to differences in decomposition rates (Boulton and
Boon 1991). Where invading weeds differ in chemical
composition from pre-existing vegetation, their litter
may decompose at rates significantly different from
those that are characteristic of previous vegetation.
In addition, weed invasion may alter environmental
factors, including habitat suitability for invertebrate
decomposers, potentially further altering decomposi-
tion rates at a site. Differences in rates of leaf litter
decomposition may affect nutrient cycling, an impor-
tant ecosystem process.
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Alligator weed is an emergent aquatic and terres-
trial weed, which invades waterways in New Zealand,
Australia, USA and parts of Asia and Europe. Alligator
weed is characterised by very rapid growth beginning
in spring, forming a dense mat of vegetation over the
water’s surface. As a fleshy herb, the architecture of
alligator weed differs markedly from that of native
sedge species commonly occurring in the same eleva-
tion zone as alligator weed in northern New Zealand
lakes. Further, the chemical composition of alligator
weed is also likely to differ markedly from native
sedge species.

In New Zealand, an introduced biological control
agent, the alligator weed flea beetle (4. hygrophila),
feeds on aquatic alligator weed. Herbivory by the flea
beetle causes rapid senescence of large amounts of
alligator weed in a very short period of time over the
summer months. This is likely to be uncharacteristic
of patterns of litter input exhibited by native vegetation
in such ecosystems.

This study investigated whether rates of alligator
weed decomposition differed from those of native
sedges in a Northern New Zealand lake. The influence
of vegetation cover type on decomposition rates was
also investigated, along with the role of macro-inver-
tebrate decomposers. In addition, biomass of alligator
weed was measured monthly to quantify litter inputs
into the system.

MATERIALS AND METHODS
Study site The experiment was conducted in marginal
vegetation at Lake Rotokawau, on the Karikari Penin-
sula, Northland, New Zealand (34°52'S, 173°19'E).
Vegetation at the site is characterised by small-scale
patchiness, with individual patches strongly dominated
by a single species.

Biomass To assess seasonal variation, alligator weed
above-ground biomass was measured monthly in 10
replicate patches of alligator weed dominated vegeta-
tion. This was done by removing all above-ground
vegetation from a 0.0625 m? quadrat in each replicate
patch. Due to the extractive sampling technique, each



0.0625 m? quadrat was sampled only once, to avoid
affecting subsequent months’ measurements. Plant
material was oven dried at 70°C for 24 hours, then
weighed to obtain dry mass.

Litter Decomposition of alligator weed litter was
compared to that of litter from two native sedge species
present at the site; S. tabernaemontani and I. prolifer.
Both species are common at the site and in similar
ecosystems within the region. Alligator weed litter was
compared to litter from more than one native species to
gain a better understanding of the difference between
the invading and native litters, as there is likely to be
some difference between litter of any two species.
The litter of the two native species was kept separate
as combining litter from different species has been
shown to alter decomposition rates (Swan and Palmer
2004), and the patchy nature of the vegetation at the
site means that the litter of the two species is seldom
likely to be decomposing together.

Fresh material of each species was collected and
air-dried in a laboratory for three weeks, to reach a con-
stant weight. Subsamples were then oven-dried at 70°C
for 24 hours to get dry mass, and the difference used to
convert air-dried weights to oven-dried weights. Litter
bags were individually weighed and numbered, then
filled with a mean of 2.5 g of air-dried litter, sealed
and re-weighed. Litter bags were individually sealed in
ziplock bags, and transported to the field site.

To investigate whether vegetation cover influenced
the decomposition rates of litter decomposing below
it, litter of all three species was placed under alligator
weed vegetation, while alligator weed litter was also
placed under each of the two native sedge species,
and litter from each sedge species was placed under
conspecific vegetation. Litter from the sedges was not
placed under the other sedge species, as this was not
relevant to the question of interest.

Two different bag mesh sizes were used to examine
the role of macro-invertebrates in decomposition at
the site. Small mesh bags were made of 1 mm mesh
polyester, while the large mesh bags were made of 4
mm mesh nylon.

Fifteen replicate bags of each treatment were
placed in the field in December, to coincide with the
beginning of alligator weed litter input occurring as
a result of herbivory by the alligator weed biological
control flea beetle, A. hygrophila. Five replicate bags
of each treatment were removed after each of three,
five and ten weeks. Bags were sealed in ziplock bags
and returned to a laboratory, where they were gently
washed to remove mud, then oven dried at 70°C for
24 hours and weighed to determine dry weight at the
end of the experiment.
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Analysis Differences in biomass were tested for
using one-way ANOVA, with Tukey’s post hoc tests.
Where possible, litter bag results were treated as two-
way ANOVAs. However, in most cases data failed
to meet assumptions of homogeneity of variance,
and this could not be overcome by transformation.
Despite being less sensitive to heteroscedasticity,
PERMANOVA could not be used due to missing data
points. As there was no indication of any interaction
between factors, differences in decomposition were
therefore compared within each date or vegetation
type, to allow use of t-tests, 1-way ANOVA or the
non-parametric equivalents, the Mann-Whitney and
Kruskel-Wallis tests. Data were not transformed for
these tests, as they met normality and homogeneity of
variance assumptions.

RESULTS

Biomass Mean alligator weed above-ground biomass
showed a decreasing trend over summer, dropping
from a mean dry mass of 0.70 kg m? in November,
to 0.17 kg m™? in February (P <0.001, Figure 1). This
represents a 75% loss in above-ground biomass over
the summer. Biomass in February was significantly
lower than in each the three preceding months (P <0.01
for all pairwise comparisons).

Litter bags There were no significant effects of
bag mesh size in any pairwise comparisons. Data
for both mesh sizes were therefore combined in all
further analyses.
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Figure 1. Seasonal variation in mean above-ground
alligator weed biomass, reflecting flea beetle her-
bivory. Bars indicate standard error.
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Litter loss over time Overall, more than 60% of
alligator weed litter was lost from the litter bags
within the first three weeks of the experiment, with
neither of the native species losing this much litter
over the entire duration of the experiment (Figure 2).
At all removal dates and under both vegetation cover
types, alligator weed litter loss was greater than loss
of S. tabernaemontani litter (P <0.001 in all pairwise
comparisons). Mean loss of alligator weed litter was
always greater than that of 1. prolifer litter, however
these differences were not consistently significant
(0.21 <P <0.01).

Effect of vegetation cover The effect of vegetation
cover on litter loss showed the same trend across
all three litter types. Data from all three litter types
were therefore combined for this analysis. Litter
decomposed faster under S. rabernaemontani than
under alligator weed or 1. prolifer (P <0.01 and 0.05
respectively), while there was no difference in de-
composition between alligator weed and 1. prolifer
vegetation (Figure 3).

DISCUSSION
This study demonstrates that alligator weed has the
potential to alter nutrient cycling within invaded lake
systems. Alligator weed litter decomposed signifi-
cantly faster than two common sedge species. The rate
of alligator weed decomposition was comparable to
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Figure 2. Mean decomposition of alligator weed litter
compared to that of two native sedges combining all
vegetation cover types and bag sizes. Bars indicate
standard error.
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reported rates of decomposition of other mesophyllous
aquatic species such as water hyacinth (Eichhornia
crassipes (Mart.) Solms- Laub.), with the most rapid
decomposition occurring in the first 2-3 weeks (Bat-
tle and Mihuc 2000, Xie et al. 2004). Differences in
decomposition rates between alligator weed and the
two sedge species may reflect differences in substances
such as lignin between the species, with more ligni-
fied litter tending to decompose more slowly than
litter types with low lignin concentrations (Boulton
and Boon 1991). Differences in lignin, cellulose and
other chemical constituents of the litter are yet to be
analysed.

The chemical composition of alligator weed
itself may also vary to some extent between different
environments, potentially influencing decomposition
rates.

Differences in decomposition rates between veg-
etation cover types may be related to moisture levels.
While absolute water depth was similar between
vegetation types, 1. prolifer and alligator weed grow
forming dense mats, which effectively float near the
water’s surface. Litter bags set at the base of these
plants therefore often dried out more than those in S.
tabernaemontani dominated areas. This is consistent
with the trend in published studies towards faster
decomposition rates in aquatic compared to terrestrial
situations (e.g. Battle and Mihuc 2000, Lindsay and
French 2004).
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Figure 3. Percent of original leaf litter remaining
after 10 weeks under different vegetation cover types
(all litter species and mesh sizes combined). Error bars
indicate standard error.



The lack of observed differences in decomposi-
tion between large and small mesh size litter bags may
indicate that the 1 mm mesh size is not small enough to
exclude important micro-invertebrate decomposers, or
juvenile stages of larger species. Alternatively, micro-
bial decomposition may play the more dominant role
in decomposition at the site. This would be consistent
with findings that microbes were the primary decom-
posers in stagnant backwater areas, with invertebrates
more important in faster flowing riverine sites (Battle
and Mihuc 2000).

In addition to decomposing faster than the native
sedge species, alligator weed decomposition was
characterised by a large input of litter over a very short
space of time. While biomass data for the sedges are
not reported here, neither species exhibits such marked
seasonal variation. Where 4. hygrophila herbivory
is not significant, i.e. terrestrial situations within
New Zealand, alligator weed typically shows strong
continued growth throughout summer and dies back
somewhat over winter. Alligator weed invasion may
therefore have a different effect on decomposition and
nutrient cycling in the absence of biological control.

A large input of litter, along with rapid litter break-
down is likely to result in a sharp peak in nutrients be-
ing released into the lake, in a manner uncharacteristic
of pre-existing native vegetation. Altering nutrient
cycling in this way may have a range of consequences,
potentially including the facilitation of further invasion
by alligator weed and/or other weed species.

The study site is surrounded by farmland, and
hosts large numbers of swans and other birds. Alligator
weed is therefore not the only major source of nutrients
into the water, and indeed the lake has been classified
as hypertrophic (Northland Regional Council 2006).
Alligator weed decomposition therefore may not be
having a significant effect on ecosystem processes
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at this particular site. However, where it invades less
nutrient rich waterways, it may indeed significantly
alter nutrient cycling.
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