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Evaluating the flow-on effects of the 
biological control agents for Ageratina 

riparia (mist flower) on plant succession

Jane Barton (née Fröhlich),1,3 Jonathan Boow,2,4 Krystian Ragiel,2,5 
Kate Edenborough2,6 and Kathryn Whaley1,7

Summary

Permanent plots were established in an area of forest in northern New Zealand to monitor what plants
replaced the weed Ageratina riparia (mist flower, Asteraceae) as it came under attack from two delib-
erately released biological control agents. Ageratina riparia is an aggressive and fast-growing weed
originating in Central America that has invaded pastures and native forests in the northern half of the
north island of New Zealand. Following the successful biological control program against this target in
Hawai’i, two natural enemies of the weed, the white smut fungus Entyloma ageratinae, and the gall fly
Procecidochares alani, were introduced into New Zealand in 1998 and 2001, respectively. The perma-
nent plots were established, some with A. riparia and some without, in the summer of 1999/2000. All
plants within each plot were identified and categorised by origin (i.e. exotic or native), and by taxo-
nomic group (e.g. dicotyledonous, ferns/fern allies). The health and cover of A. riparia were also
assessed. The plots were reassessed in two subsequent summers. When the plots were first examined
there was found to be significantly fewer native plant species in plots with A. riparia than in those
without it. During the two-year study A. riparia cover decreased from 74% to 16% (on average). We
attribute this reduction to defoliation by the fungus, as the gall fly has not yet reached the plots. As A.
riparia cover declined there was an increase in the number of native species (but not of exotic species)
in the plots with the weed, relative to those without it. That is, the reduction in A. riparia cover appears
to be benefiting native plants rather than other exotic weeds.
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succession

Introduction

Critics of biological control (e.g. Howarth 1991) have
said that because only one weed is normally targeted at
a time, there is a danger that the target weed will simply
be replaced by another unwanted invader. This scepti-
cism is not addressed by studies that demonstrate only
that a biological control agent or agents have reduced a
weed below a desired threshold. Researchers need to go
further and show that the weed has been replaced by

more desirable vegetation. In this study we investigate
whether Ageratina riparia (Regel) R. King and H.
Robinson (mist flower) is replaced by more or less
desirable vegetation after the introduction of its natural
enemies to New Zealand.

Ageratina riparia is a perennial herb or sub-shrub,
up to 2 m tall, belonging to the daisy family (Aster-
aceae). The weed prefers full light but is moderately
shade-tolerant. It produces abundant white flowers in
the spring which result in numerous wind and water-
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borne seeds. It is native to Central America but has been
moved around the world as an ornamental plant. It is
considered a serious invasive weed in many tropical
and warm temperate regions of the world including
northern Australia, South Africa and Hawai’i. The
Hawaiians had a particularly serious problem with the
weed and were the first to investigate using biological
control as a potential solution (Trujillo 1985).

Ageratina riparia was introduced to New Zealand
around 1931 (Webb et al. 1988). By the 1990s it had
naturalised in a range of habitats (e.g. forest margins,
stream banks, pastures and road sides) in the upper half
of the north island and was causing considerable
concern, especially to government bodies which
manage areas of native forest. In 1995 it was decided
that biological control would be the best option for
tackling the weed. The successful biological control
program against A. riparia that was conducted in
Hawai’i was based on three agents: a white smut fungus
Entyloma ageratinae Barreto and Evans, a gall fly
Procecidochares alani Steyskal, and a plume moth
Oidaematophorus beneficus Yano and Heppner. The
fungus and the gall fly were reported to have been the
most effective agents in Hawai’i (Fröhlich et al. 2000),
and are also believed to be complementary in their
activity. Consequently, after the relevant authorities
had been presented with information on the host range
and efficacy of the two agents, they were released in
New Zealand; E. ageratinae in 1998 and P. alani in
2001.

After E. ageratinae was released, a small multi-year
study was set up in the Waitakere Ranges, an area of
native forest near Auckland, to record the direct
impacts of the two agents on A. riparia, and to monitor
the “flow-on” effects of biological control on the
surrounding vegetation. 

Materials and methods

Thirty-one permanent plots, each of 4 m2, were estab-
lished along two walking tracks in the Waitakere
Ranges during the summer of December 1999–
February 2000 (from here on, the year “1999” will be
used for the summer of 1999/2000, and the year “2000”
for the summer of 2000/2001 etc.). Plots were within a
few meters of cleared walking tracks for two reasons:
firstly because A. riparia grows abundantly near
disturbed areas such as track edges, and secondly for
ease of access. Distances between plots varied from less
than 1 m to ca. 100 m.

Twenty plots were established along the “Pipeline”
(P) walking track. Ageratina riparia had a patchy distri-
bution along this track in 1999, and its absence from
apparently suitable habitat was taken as evidence that
the weed was still spreading in this area. Thus, at this
site it was possible to select 10 plots with a reasonably
dense cover of A. riparia (“+mist flower”, hereafter
“+MF” plots), and then to pair each of these with a

nearby plot with very little, if any A. riparia (“–MF”
plots). Areas with a reasonably dense cover of A.
riparia that were adjacent to similar-looking areas with
very little A. riparia were deliberately targeted for plot
placement. However, within these areas the placement
of the 2 × 2 m or 1 × 4 m plots was random.

A further 11 plots were established along the “Kura”
(K) walking track. This track had a much more exten-
sive cover of A. riparia in 1999, with the weed
appearing to have colonised almost all of the suitable
habitat. Ten plots were established with dense A. riparia
cover (“+MF” plots). Areas with roughly similar A.
riparia cover were selected by eye, but within these
areas actual plot placement was random. One plot with
only a few A. riparia seedlings (that were subsequently
weeded out) was also set up (near one of the +MF plots),
for comparative purposes (“–MF” plot).

Within each of these 31 plots, all plants, including
seedlings, were identified to species. These plants were
categorised as: exotic or native; dicotyledonous (woody
or herbaceous); monocotyledonous (woody or herba-
ceous); gymnosperms; ferns/fern allies; or, mosses/
liverworts.

Percentage cover and size classes of each species
were also recorded, but these data will not be discussed
here.

 Additionally, for the 20 plots containing A. riparia,
the percentage cover by the weed in each plot was esti-
mated by eye. Ageratina riparia health was determined
from five plants randomly selected from just outside each
+MF plot. These five plants were assessed for: percentage
of living leaves showing signs of infection; percentage of
attached leaves that were dead; and percentage of stem
nodes with regrowth (new leaves developing).

It was intended that the first year’s data would be
collected before the biological control agents arrived.
However, when the plots were set up, the fungus was
found to be already present. The capacity of the fungus
to spread very quickly meant it was not possible in this
study to monitor its direct and indirect impacts by arti-
ficially applying it to one of a set of paired, randomised
plots. It might have been possible to exclude it with
fungicide, but it was not known what side-effects this
might have on plant growth and succession.

If A. riparia was found to have invaded a “–MF”
plot between visits, it was removed.

Changes in the health and cover of A. riparia were
monitored using simple comparisons of averages.
Wilcoxon paired sample tests were used on species
presence/absence data for two purposes. Firstly, they
were used to distinguish differences between paired
+MF and –MF plots on the P track (to determine
whether vegetation changes between 1999, 2000 and
2001 were similar or different between plots with and
without A. riparia). Secondly, they were used to
examine changes in vegetation over time in the +MF
plots on both tracks.
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Results

Direct impacts of the biocontrol agents on 
the health and cover of A. riparia

Between the summers of 1999 and 2001, the propor-
tion of A. riparia leaves that were infected by the white
smut fungus increased by 44%. Over the same period,
the percentage of dead leaves that were attached to A.
riparia plants initially increased, and then levelled off.
Percentage regrowth increased between 1999 and 2000,
but then decreased between 2000 and 2001. The esti-
mated cover by A. riparia in the plots decreased
steadily and dramatically: from 74% to 16% in two
years (Table 1).

Indirect impacts of the biocontrol agents, 
and the presence/absence of A. riparia, on 
other vegetation

The number of exotic species in plots with vs. those
without A. riparia did not significantly differ for any of
the three years on the P track (Fig. 1, Wilcoxon paired
sample test, p > 0.5 for all three years). Nor was there a
significant increase in the number of exotic species in
the +MF plots on the K track or the P track during the

study (data from 1999 vs. 2001, Wilcoxon paired
sample test, p = 0.1 for the K track, the number of exotic
species in the +MF plots actually declined between
1999 and 2001 on the P track (Fig. 1)).

In contrast, there were significantly fewer native
species in plots with A. riparia than in those without it
on the ‘P’ track (Fig. 2., Wilcoxon paired sample test,
p = 0.005). Over time, the number of native species
increased in plots with the weed (as its cover decreased)
while for unknown reasons they decreased in those
without it (where A. riparia cover remained unchanged,
at zero) (Fig. 2). The increase in native species in the
plots with declining A. riparia on the P track was so
rapid that, within one year, there were no longer signif-
icantly fewer native species present in plots with A.
riparia (Fig. 2., Wilcoxon paired sample test, 0.2 > p >
0.1). The number of native species appears to be recov-
ering more slowly on the K track, as while there was a
slight increase in the mean number of native species in
plots with the weed between 1999 (9.5 species) and
2001 (10.4 species), this increase was not statistically
significant (data for 1999 vs. 2001, Wilcoxon paired
sample test, 0.5 > p > 0.2). The single plot without A.
riparia on the K-track still contained many more native
species (17 species in 1999, 15 species in 2001) than
most of the plots with the weed.
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Table 1. Ageratina riparia health and cover: average values from the 20 plots with A. riparia
(+MF) in the Waitakere Ranges (includes data from both the Pipeline and Kura tracks)

Variable 1999 2000 2001

Percentage of living leaves infected by fungusa 

a Average from 5 plants × 20 plots.

18 56 62
Percentage of attached leaves that are deadb 

b Average for 20 plots.

10 24 23
Percentage of nodes with regrowtha 4 13 7
Percentage cover of A. ripariab 74 49 16

Figure 1. Average numbers of exotic species in plots of
the Pipeline track. Dark grey bar = Ageratina
riparia present; light grey bar = A. riparia
absent. Error bars indicate the standard error of
the mean.

Figure 2. Average numbers of native species in plots of
the Pipeline track. Dark grey bar = Ageratina
riparia present; light grey bar = A. riparia
absent. Error bars indicate the standard error of
the mean.
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The plant category that appeared to be most affected
by the presence or absence of A. riparia was the woody
dicotyledonous plants (Table 2). This is the category to
which A. riparia itself would belong, but it was not
included in the species counts. On the P track, there
were significantly fewer species of woody dicotyledo-
nous plants (dicots) found in the +MF plots than in the
–MF plots in both 1999 and 2000 (Fig. 3, Wilcoxon
paired sample test, 0.05 > p > 0.02 for both years). In
2001 there were still slightly fewer species of woody
dicots on average in the +MF compared to the –MF
plots (Fig. 3), but this difference was no longer statisti-
cally significant (Wilcoxon paired sample test,
0.2 > p > 0.1). The average number of woody dicots
also increased in the +MF plots on the K track between
1999 (average = 3.7 spp.) and 2001 (average = 4.5
spp.), but this change was not statistically significant
(Wilcoxon paired sample test, p = 0.2). There were
eight species of woody dicot in the –MF plot on the K
track in 1999, and seven in 2001.

There were consistently fewer species of ferns in
plots with A. riparia compared to plots without it
(Table 2), but this difference was not statistically signif-
icant, at least in the plots on the P track, in any of the
three years (Wilcoxon paired sample test, 1999 0.5 > p
> 0.2, 2000 0.2 > p > 0.1, 2001 p = 0.1). There were also
consistently fewer herbaceous monocots when A.
riparia was present (Table 2). However, the number of
herbaceous monocots declined suddenly in the –MF
plots between 2000 and 2001 (Table 2), so the species
richness in this category appears to have been influ-
enced by something additional to the flow-on effects of
the A. riparia biocontrol agents.

Discussion

Direct impacts of the biocontrol agents on 
the health and cover of A. riparia

In the 20 +MF plots, the proportion of living A.
riparia leaves that were infected increased to an
average of 62% by 2001. Plots established at the nine
sites in New Zealand where the fungus was first
released showed similar levels of infection (average
infection 54% in 2001). The rate of increase in infection
appears to have slowed at this site, and infection levels
are not expected to increase much further in the future.
The percentage of attached A. riparia leaves that are
dead appears unchanged, at around 23–24%. This trend
was also observed at release sites, where the average
percentage of dead leaves still attached was 27% in
2000 and 22% in 2001. The usual response of A. riparia
to defoliation is to produce new leaves at the nodes.
Given the large numbers of dead leaves observed in the
+MF plots, the percentage of nodes with regrowth was
surprisingly low (only 7% in 2001). For comparison,
regrowth was observed at an average of 25% of nodes
at release sites in 2001.

The extremely rapid reduction in the percentage
cover by the weed observed in the plots (from 74% to
16% in two years) was not unique to this site. Cover by
A. riparia at the nine sites where the fungus was
released decreased, on average, from 90% to 35%
between 1998 and 2001. Strictly speaking, what the
data show is a correlation (and not causation) between
the increase in the presence and activity of the fungal
biocontrol agent, and a decrease in the cover by target
weed. However, given that there was no other obvious
reason for the differences in A. riparia health observed
in the plots between 1999 and 2001 (all disease symp-
toms could be attributed to the fungus, the gall fly had
not yet reached the plots, there had been no changes in
management strategy and the plots were examined at
the same time of year), in this case it does seem reason-
able to attribute the major decline in A. riparia cover to
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Figure 3. Average numbers of woody dicotyledonous
plant species in plots of the ‘P’ Track. Dark
grey bar = Ageratina riparia present; light grey
bar = A. riparia absent. Error bars indicate the
standard error of the mean.

Table 2. Average numbers of species in each plant cate-
gory in plots with (+) or without (–) Ageratina
riparia for 1999, 2000 and 2001. Data from all
31 plots on both Pipeline and Kura tracks.

Plant category A. riparia 1999 2000 2001

Woody dicots – 7.1 7.4 7.6
+ 2.8 4.1 4.8

Herbaceous dicots – 1.1 1.0 0.7
+ 1.2 1.2 1.3

Woody monocots – 0.7 0.7 0.7
+ 0.8 0.9 0.8

Herbaceous monocots – 2.8 3.1 2.0
+ 1.6 2.3 1.9

Mosses/liverworts – 1.8 1.2 1.2
+ 1.1 0.8 0.6

Ferns/fern allies – 2.4 2.7 2.7
+ 1.4 1.5 1.7
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the activity of the white smut fungus alone. As
mentioned previously, the fungus was similarly effec-
tive in reducing the infestation of A. riparia in Hawai’i
(Trujillo 1985). This study is ongoing and future results
should incorporate the impacts of the gall fly.

Indirect impacts of the biocontrol agent, 
and the presence/absence of A. riparia, on 
other vegetation

When the 20 plots on the P track were first exam-
ined, in 1999, there were found to be significantly fewer
native plant species in +MF plots than in –MF plots. In
contrast, there was no significant difference between
the numbers of exotic plant species (excluding A.
riparia) between the +MF and –MF plots. This was
consistent with the views of land managers familiar
with A. riparia, that the weed was having a negative
impact on the regeneration of native species while not
inhibiting other exotics. On the positive side, at least the
presence of A. riparia did not appear to facilitate the
growth of other exotic species.

If A. riparia were being replaced by other exotic
weeds as its cover decreased, one would expect to see a
significant increase in the number of exotic species in
+MF plots (where the weed is declining) relative to –MF
plots (where cover of the weed has remained at zero).
This has not been the observed pattern of vegetation
change (Fig. 1). There has been no significant increase
in the number of exotic species through time in the +MF
plots on either the P or the K track. It is the native
species that have steadily increased in numbers in the
plots where A. riparia is present but declining (Fig. 2).
It is encouraging that in the first 12 months after the
arrival of the first biological control agent, the average
number of native species in +MF plots on the P track
increased significantly from 10.3 species to 12.2 species
per plot (data for 1999 vs. 2000, Wilcoxon paired
sample test, 0.05 > p > 0.02). While the plots with A.
riparia still have fewer native species than those without
it on both tracks, the difference is quickly getting
smaller (Fig. 2).

There have been a small number of other studies that
have documented vegetation changes associated with
biological control. Studies by Huffaker (1951) and
Huffaker and Kennett (1959) (cited in Syrett et al.
2000) showed a similar result to that reported here. That
is, in California, the successful control of Hypericum
perforatum L. (St John’s wort, Klamath weed) by
Chrysolina quadrigemina (Suffrian) resulted in the
replacement of the weed by more desirable forage
species, and no long-term increase in other weedy
species. In contrast, in Idaho, in many sites H. perfo-
ratum was mostly replaced by weedy Centaurea
species (Campbell and McCaffrey, 1991 cited in Syrett
et al. 2000). This demonstrates that the relative desira-
bility of the vegetation which replaces a weed can vary
from place to place. This is not surprising, given that

environmental conditions, and the identity and density
of other invasive species present, are likely to vary
across a weed’s range.

Another study similar in purpose to that described
here was conducted to assess the probable flow-on
effects of biological control of the weed Hieracium
pilosella (Mouse-ear hawkweed, Asteraceae) (Syrett et
al. this volume).  In that study, plots were set up in the
high country of the south island of New Zealand,
biological control was simulated by painting herbicide
onto H. pilosella plants, and then the responses of
surrounding vegetation were monitored for 10 years
(Syrett et al. this volume).  It was concluded that the
impacts of weed removal were likely to vary between
different sites according to soil fertility, environmental
conditions and grazing pressure (Syrett et al. this
volume).  At the most hostile sites, H. pilosella removal
resulted, temporarily, in the undesirable emergence of
bare ground.  Nevertheless, while the rate of succes-
sion, and the identities of the original colonisers, varied
between sites, everywhere that H. pilosella was
“controlled” there was a slow succession towards more
desirable vegetation (Syrett et al. this volume).  It
would be interesting to repeat the study on A. riparia in
another area, perhaps one with more exotic species, to
see if differences between areas were as marked as
those observed in the Hypericum perforatum and Hier-
acium pilosella studies.  Fortunately, the environment
where A. riparia grows is no-where near as inhospitable
as that favoured by H. pilosella.  Thus, while the iden-
tity of the plants that first replace A. riparia could be
expected to differ between sites, it is unlikely that bare
ground would ever form as a result of biological control
of the weed.

Of the plant categories examined, so far it is the
woody dicotyledonous plants that appear to have bene-
fited most from the biological control of A. riparia.
This is the most species rich group and almost all of the
woody dicots encountered were native.  By 2001 there
were still fewer woody dicots in the plots with A.
riparia than in the plots without it. However, this gap
was rapidly closing and the difference, in the plots on
the P track at least, was no longer statistically signifi-
cant (Fig. 3). 

The lower numbers of fern species observed in plots
with A. riparia compared with plots without it suggest
that this category of plants should also benefit from
biological control of A. riparia.  The ferns do not
appear to be recovering in diversity as fast as the woody
dicots; however, the succession pattern of ferns will be
complicated by their complex life-cycle, as their small
gametophyte stage would not have been identified in
this study.  This plant category will be watched with
interest in future years.

The herbaceous monocots also behaved differently
depending on whether A. riparia was present or absent.
However, this group showed a less easily explained
pattern of increase and decrease in numbers over time
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(Table 2).  It may be that, overall, in plots both with and
without A. riparia, woody species are increasing in
number at the expense of herbaceous species.  This is a
typical pattern observed in plant succession in
disturbed areas such as near tracks (S. Fowler pers.
comm.).  Data on this plant category will also be
watched with interest in future. 

The herbaceous dicots and woody monocots were the
only plant categories that appeared to be slightly more
diverse in the presence of A. riparia than in its absence.
However, the differences between +MF and –MF plots
were not significant for either of these two plant types.

There is probably a variety of reasons why some
plant categories did not show significant differences in
diversity between –MF and +MF plots.  For example,
there were never more than two species of woody
monocots or gymnosperms in a plot, so species
numbers were probably too low in all plots for any
differences to be apparent.  Many of the mosses that
were recorded were found growing only on fallen logs.
Therefore, the presence/absence of a given moss
species from a plot may be more influenced by
substrate availability than the presence of A. riparia.
Liverworts were not differentiated at the species level,
and this would also have made it difficult to observe
patterns in bryophyte succession.  Bryophytes were
found to be critical to the process of succession in the
study on H. pilosella, especially in situations where
weed removal resulted in bare ground (Syrett et al. this
volume).  However, bryophytes may be less important
to succession in the vegetation-rich areas that A. riparia
prefers.

The results presented here on the indirect impacts
associated with the biological control of A. riparia were
based on data on species presence/absence alone.  Data
on the percentage cover of each plot by each species,
and also on the sizes and numbers of individual plants
present, were also collected and should be analyzed and
presented in another paper in the near future.

In summary, to date the first of the biological control
agents for A. riparia appears to be having a positive flow-
on effect on native plant succession.  That is, in at least this
area, there is a strong correlation between a major decline
in the cover of the weed and a fairly rapid recovery in the
diversity of more desirable native vegetation.
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