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Abstract. While the progress of the spread of invasive species of insects in new geographical areas are usually intensively
monitored, the decline of these species often escape attention and is poorly documented. In this study, we record the decline in
abundance of Gastrophysa viridula (DeGeer), an invasive oligophagous consumer of dock (Rumex spp.). This species originally
inhabited Alpine regions. In the late 1800s, G. viridula was recorded in montane areas in the Czech Republic and then throughout
this country. Gastrophysa viridula was very abundant in 1995-1999, when we found it in all of the 177 stands of R. obtusifolius
inspected in western Czech Republic. In a repeated study of its occurrence in the same area from 2019-2020, this species was
present in <30% of 434 of the stands inspected and was only abundant (=55% of plants in the stand infested by G. viridula) in
<4% of these stands. Thus the local occurrence and abundance of G. viridula had decreased significantly. Of the possible rea-
sons for this decline the most probable are the effect of climate warming on host plant seasonality, changes in agricultural use of

grasslands and fragmentation of large stands of dock.

INTRODUCTION

Invasion, an encroachment of a species from one area
into another (Lincoln et al., 1998), is an intensively stud-
ied ecological phenomenon. These species often have a
marked effect on native ecosystems in newly colonized
areas (Bradshaw et al., 2016) and sometimes negative
economic consequences (Kenis et al., 2009). Therefore,
the colonization by a species of a new geographical area
is often quickly detected and carefully monitored (Roy et
al., 2019). In contrast, the decline of a species can escape
attention, even if the species is abundant and economically
important.

Gastrophysa viridula (DeGeer) (Coleoptera: Chrysomel-
idae), an oligophagous herbivore of dock (Rumex spp.)
(Martinkova & Honek, 2004), was first reported in Bohe-
mia (now the western part of the Czech Republic) in the
mid-1800s (Lokaj, 1869). The original area of its occur-
rence were the Alpine regions (Kuhnt, 1911; Reitter, 1913)
from which this “paleoinvasive” species spread into low-
land areas in Central Europe. In Bohemia, this was well
documented, and when first recorded in the mid-1800s,
this species was very rare and present only in the highlands
(Lokaj, 1869). Since then, it has spread throughout Central
Europe (Franck, 1935) and by the 1950s, it was abundant
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in dock stands throughout the Czech Republic (Balthasar,
1957). This may have been supported by the spread of
Rumex spp., which occurred as a result of changes imple-
mented after the collectivization of agriculture in the early
1950s (Klimes, 1989; Martinkova & Honek, 2004). Gas-
trophysa viridula is considered to be an important factor
in the biological control of Rumex in pastures and man-
aged grasslands (Bentley et al., 1980; Cottam et al., 1986;
Grossrieder & Keary, 2004).

The life cycle of G. viridula is well known (Remaudiére,
1948; Engel, 1956). In Central Europe adults overwinter
and beginning at the end of April, females start to lay yel-
low eggs on the abaxial side of the leaves. The black lar-
vae of the first instar remain aggregated at the sites of egg
clusters and eat the lower leaf epidermis and mesophyll.
The second- to third-instar larvae disperse to other leaves
and skeletonize the lamina. Pupation and the development
of pupae takes place in the soil. After eclosion, the adults
leave the soil, climb the stems of dock and repeat the de-
velopmental cycle. At 18°C, preimaginal development
lasts 28 days, the median adult lifespan is 33 days (Honek
et al., 2003) and the species has 2—-3 generations a year
(Swatonek, 1972; Whittaker, 1982).
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A precondition for the successful development of larvae
is the availability of fresh leaves (Engel, 1956; Smith &
Whittaker, 1980a). When laying eggs, females avoid old
leaves, leaves damaged by the rust Uromyces rumicis
(Schumacher) (Hatcher et al., 1995) and leaves previously
occupied by conspecific larvae (Weingartner et al., 1997).
Survival of the G. viridula population in a dock stand is
therefore supported by mowing, which removes senescent
shoots and promotes regrowth of new shoots (Van Evert et
al., 2020). Larvae and adults that drop to the ground during
mowing and survive on ground leaf rosettes, later colonize
regrown fertile shoots and continue the population at a site.
Continuation of a local population is vital because females
with abdomens swollen with eggs move with difficulty and
are unable to fly or walk even for a short distance (Renner,
1970; Smith & Whittaker, 1980b). Colonization of new
dock stands is slow and G. viridula populations are highly
localized, and their survival depends on conducive local
conditions.

In this paper, we report the unprecedented decline of this
species in Bohemia during the last ca. 20 years. We first re-
corded the presence of G. viridula in dock stands in 1995—
1999. The purpose of this investigation was to determine
whether herbivory of G. viridula affects the dormancy of
dock seeds (Martinkova & Honek, 2000). At this time, G.
viridula was a widespread and very abundant species. We
were not able to examine the expected differences because
G. viridula was present in all local stands. In contrast, our
recent sampling in early 2019 showed that G. viridula pop-
ulations occurred only in a minority of dock stands, and in
most occupied stands, this species was rare. This striking
difference in the past and recent occurrence of this species
led us to a detailed investigation of the presence and abun-
dance of G. viridula in local dock stands from 2019-2020.

MATERIALS AND METHODS

The presence of G. viridula was determined in “local stands”
of Rumex obtusifolius L., which are defined as a group of dock
plants growing in an area <2500 m? at least 200 m away from
another stand included in this study.

From 1995-1999, local stands of R. obtusifolius were first vis-
ited in spring or summer, and the presence/absence of G. viridula
recorded. A total of 177 local stands of R. obtusifolius, located be-
tween 49.52-50.61°N and 12.48-16.49°E at 150 to 1060 m a.s.1.,
in grasslands and road margins, were visited.

In the pilot investigation in 2019, it was found that the local
stands monitored from 1995-1999 no longer existed. Therefore,
it was not possible to compare the presence of G. viridula in both
periods at the same localities. From 2019-2020, we therefore de-
tected the presence of G. viridula in 434 new local dock stands. In
each of these stands, we recorded the presence of G. viridula on
individual plants. All plants were inspected in local stands with
<150 plants, while in larger stands, > 100 plants were inspected.
On each plant, both sides of all leaves of the ground rosette and
fertile shoots were inspected, and the frequency of plants infested
with eggs and/or larvae was recorded. According to the frequency
of infested plants, local dock stands were classified into four cate-
gories based on the value of In(n+1), where n is the percentage of
occupied plants in a local population. This criterion was used to
classify local stands into four categories: (i) very scarcely infested
stands with <2% of plants occupied by G. viridula, (ii) scarcely
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Fig. 1. Geographic location of the stands of R. obtusifolius visited
from 1995-1999. o stands where G. viridula was present.

infested stands with 3—19% of plants occupied, (iii) abundantly
infested stands with 20-54% of plants occupied and (iv) heavily
infested stands with >55% of plants occupied. The dock stands
were located in four areas that differed in terms of landscape rug-
gedness and climate: the Elbe River Valley, which is a flat area at
49.89-50.77°N, 14.04-15.83°E where 102 local dock stands at
altitudes between 130-275 m were visited; the Prague Plateau,
which is an undulating area at 50.06-50.21°N, 14.02-14.42°E
where 68 dock stands at altitudes between 180—420 m were vis-
ited; the Ralské pahorkatina and LuZzické hory highlands, which
are a volcanic hilly area at 50.66—-50.84°N, 14.41-14.98°E, where
116 dock stands at altitudes between 280-770 m were visited;
and the BeneSovska and Vlasimské pahorkatina highlands, which
are an eroded highland area at 49.42-49.88°N, 14.45-15.01°E,
where 121 dock stands at altitudes between 300-630 m were vis-
ited. Outside these areas, we visited 27 dock stands at altitudes
between 300-680 m.

Differences in the frequency of stands occupied by G. viridula
from 1995-1999 and 2019-2020 were tested using 2 x 2 contin-
gency tables and chi-square tests. The change in the percentage
of plants infested by G. viridula in dock stands relative to alti-
tude and changes in average annual temperature from year to year
were fitted by linear regression.
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Fig. 2. Geographic location of stands of R. obtusifolius visited from
2019-2020. o stands where G. viridula was present, + stands
where G. viridula was absent.
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Fig. 3. The relationship between the frequency (n+1%) of local
stands of R. obtusifolius plants infested with G. viridula and altitude
of each stand. Regression: y = —0.0022x +5.6375, R? = 0.0006,
N.S.

RESULTS

From 1995-1999 (Fig. 1), G. viridula occurred in all 177
local stands of R. obtusifolius visited. From 2019-2020
(Fig. 2), it was found in 126 (29%) out of 434 local stands,
which was significantly less than that in the late 1990s (3* =
253.3, P <0.005). Of the infested stands, 52 (12%) were in
category (i) and thus very scarcely infested, 25 stands (6%)
were in category (ii), 33 stands (8%) in category (iii) and
16 stands (3%) in category (iv) and thus heavily infested
with G. viridula. Local stands populated with G. viridula
and stands where it was absent were scattered evenly over
the area investigated (Fig. 2). No relationship was found
between the abundance of G. viridula and altitude of the
localities of the dock stands (Fig. 3).

DISCUSSION

This study demonstrated that the frequency of stands
infested with G. viridula was significantly higher in the
1990s than from 2019-2020. This result is important be-
cause it records the decline of an invasive (although long
naturalized) species. In the Czech Republic, there are re-
ports of cases of invasion and later declines for several ar-
thropod species. A recent case is an aphid, Diuraphis noxia
(Kurdjumov) (Homoptera: Aphididae), which spread in
the Czech Republic in the early 1990s (Stary, 1996; Stary
et al., 2003) and was nearly absent by 2010 (Havelka et
al., 2014). The invasion of the spider Lycosa singoriensis
(Laxmann) (Araneae: Lycosidae), which colonized the
eastern part of the Czech Republic in 1924 and was com-
pletely absent by 1970, is documented in detail (Rezag et
al., 2015). Unlike G. viridula, the above species did not
colonize the whole of the Czech Republic and they were
only present for a short period.

The decline of G. viridula in the Czech Republic is based
on data collected in two periods 20-years apart. In each
period, a number of sites spread over a large area were
sampled. The significant difference between the two pe-
riods in the frequency of occupied stands and (probably)
in the abundance of individuals indicates a decrease in the
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presence of this species. As the data were collected at dif-
ferent times it could be argued that the difference was due
to the population being in opposite phases of a periodic
oscillation in population density (Didham et al., 2020), but
we assume that this is not the case. Population oscillations
usually manifest themselves as temporary increases in spe-
cies abundance (Varley, 1949; Ruohomaki et al., 2000;
Moreau, 2006) rather than the long-term “drop” recorded
in this study.

The causes of the decline in G. viridula remain a matter
of speculation. We assume that two factors might have been
involved: climate warming and fragmentation and reloca-
tion of dock stands. The assumption that the decline might
be affected by climate change is discussed first because it
is in line with the prevailing belief in the significant influ-
ence of this factor on insect population dynamics (Robinet
& Roques, 2010; Halsch et al., 2021).

Climate warming is an important source of current envi-
ronmental change (Anonymous, 2019), which can promote
both the spread of species into new areas and contribute
to their decline (Gutierrez & Ponti, 2014; Iannella et al.,
2020). Since the 1980s, the average annual temperature in
Prague, the centre of the region studied, has increased by
0.06°C per year (Anonymous, 2004, 2010, 2020), which
is similar to what has occurred throughout this country
(Matejka, 2019). There was no trend in the quantity of pre-
cipitation, but 2003-2009 and 2014-2019 were dry peri-
ods with the amount of precipitation below the 1980-2019
average. The warm and dry period after 2000 may have
negatively affected the survival of G. viridula, as this was
originally an alpine species (Kuhnt, 1911; Reitter, 2013)
and is likely to thrive better in cold/mild and humid cli-
mates than in warm and dry climates. However, the effect
of temperature on the fitness and viability of G. viridula is
unknown.

A direct negative effect of an increase in temperature on
G. viridula cannot be assumed. The reactions of this spe-
cies to temperature were studied by Honek et al. (2003),
who demonstrate that this species thrives at temperatures
as high as 28°C. Although longevity is shorter, the number
of eggs laid is not different and the intrinsic rate of popula-
tion increase is higher than at lower temperatures (18, 21.5
and 25°C).

We therefore hypothesize that an increase in temperature
is more likely to affect G. viridula by reducing the quality
of its host plant. This might accelerate the ageing of dock
plants and thus threaten the success of the development of
the second and third generations, resulting in a decrease
in the abundance or even extinction of G. viridula popula-
tions. Rejuvenation of aboveground parts of the dock is
supported by mowing. However, mowing is only regularly
carried out in meadows, edges of roads and when maintain-
ing lawns in housing estates. Many dock stands are thus no
longer regularly mown and are therefore unsuitable for the
survival of G. viridula.

In our opinion, another important cause of the decline in
G. viridula is the fragmentation of formerly large stands
of dock and extinction of their remnants. The fragmenta-
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tion and extinction of dock stands are occurring because
farming methods have changed, specifically the replace-
ment of mowed grasslands with pastures (Zaller, 2006;
Hejcman et al., 2014) and the decrease in the application
of N fertilizers to grasslands (Foster, 1989). An example
is the fragmentation of large stands of R. obtusifolius in
the grasslands bordering the upper course of the LuzZnice
River between 48.81-48.89°N and 14.88—14.94°E record-
ed by Klimes$ (1989). An area approximately 4 km? large
was divided into 100 x 100 m squares, and dock abun-
dance was recorded in each square. In 2020, a 0.36 km?
part of this area was re-examined on the right bank of the
Luznice River, between 48.8667—48.8806°N and 14.8871—
14.8967°E (Z. Martinkova & A. Honek, unpubl.). This area
was overgrown with dock in the 1980s, and in 2020, dock
was confined to a few small stands separated by grassland.

The developments of new dock stands at sites far from
stands already populated by G. viridula also increases the
proportion of unoccupied dock stands. The newly develop-
ing stands in urban green areas are hard for G. viridula
to access. They are often scattered in urban and suburban
areas on lawns or reclaimed road margins, which are far
from stands where G. viridula is still present. To sustain
these populations, frequent recolonization of new habitats
is needed, but in most areas there are now very few or no
source populations.

This paper provides a rare documentation of the decline
of an invader. The reasons for the decline, however, need
further investigation. Possible causes of the reduction in
the abundance of G. viridula are the joint effects of climate
warming and changes in agricultural practices on the qual-
ity of its host plant, the fragmentation and extinction of
stands of dock and the inability of G. viridula to colonize
new stands of dock created by humans.
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