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Abstract Lonicera maackii, a highly invasive spe-
cies of riparian habitats, has the potential to substan-
tially alter aquatic ecosystems. We investigated
effects of this terrestrial invader on aquatic biota and
ecosystem processes in three 3rd order headwater
streams in southwestern Ohio. We assessed (1) in situ
leaf breakdown and (2) aquatic macroinvertebrate
colonization of leaf packs containing senesced foliage
from either a) invasive (L. maackii), b) native (Frax-
inus spp. and Platanus occidentalis), and c) a native-
invasive species mix. Leaf breakdown rates and
macroinvertebrate density, richness, and functional
feeding group (FFG) relative abundances were mea-
sured for leaf packs deployed in the autumn of 2009.
Invasive leaf breakdown rates were up to 4x faster
than native leaves (F = 20.46, df = 2, P < (0.001),
resulting in significantly less organic matter remaining
compared to the other leaf pack types throughout the
study (Friedman’s test = 8.00, P < 0.05). The gath-
ering-collector FFG, represented by Chironomidae
and Hydropsychidae, dominated the macroinverte-
brate community in the invasive and mixed species
leaf packs (F = 73, df =4, P < 0.01) in all streams
but were only dominant in native packs in one stream
(F =41.91, df =4, P <0.05). In summary, L. ma-
ackii leaf breakdown was significantly faster than
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native leaves in headwater streams, and colonization
of macroinvertebrates was variable depending on leaf
pack species composition. These results support the
hypothesis that L. maackii can have direct and
significant impacts on aquatic ecosystems by influ-
encing organic matter availability and macroinverte-
brate community dynamics.
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Introduction

Riparian zone plant communities are extremely
important to the ecology of headwater streams.
Riparian vegetation influences water temperature
(Clinton et al. 2010; Roth et al. 2010), light availability
(Baxter et al. 2005), and nutrient fluxes into the stream
(Harner et al. 2009; Polis and Strong 1996). Stream
ecosystem metabolism (Tank et al. 2010), aquatic
biota (Cummins et al. 1973; Cummins et al. 1989;
Merritt and Cummins 2006), and overall stream health
(Fellow et al. 2006; Young et al. 2008) have also been
linked to the ecological integrity of riparian zones
because aquatic food-webs are influenced by allo-
chthonous organic matter (i.e., leaves, coarse woody
debris) that enters the stream from the terrestrial
environment (Bailey et al. 2001; Baxter et al. 2005;
Gregory etal. 1991; Vannote et al. 1980; Webster et al.
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1995). Aquatic macroinvertebrates utilize allochtho-
nous leaf litter as a habitat and a nutrient resource and
are thus sensitive to changes in riparian plant
community composition (Bailey et al. 2001; Going
and Dudley 2008).

Riparian zones are particularly vulnerable to col-
onization by invasive plants because they are typically
areas of frequent disturbances and are associated with
high nutrient and light availability (Daehler 2003;
Futoshi et al. 2000; Nakamura et al. 2000; Stohlgren
et al. 1998). These plant invasions can significantly
alter the structure and function of aquatic ecosystems
(Richardson et al. 2007). Studies have provided
evidence that terrestrial invasive plants can impact
aquatic systems in a variety of ways (Dudgeon 1994;
Flory and Milner 1999; Stone et al. 2005). For
example, Davies and Boulton (2009) reported that
macroinvertebrate shredder density and growth were
diminished when exposed to the invasive Cinnamo-
mum camphora [L. (Sieb.)] in subtropical streams.
Levin et al. (2006) demonstrated that invasion of
coastal wetland habitats by Spartina spp. (Schreb.)
drove a shift in macroinvertebrate community trophic
structure by altering the dominant basal resource from
algae to detritus. Further work in this field is needed as
relatively few invasive species have been studied in
this manner and the mechanism(s) of impact are not
fully understood (Davies and Boulton 2009; Le Maitre
et al. 1996; Moline and Poff 2008).

Lonicera maackii [Rupr. (Herder)] is an invasive
shrub that has successfully invaded 27 states from
New York to Texas since its introduction to the USA
in 1896 (Luken and Thieret 1996; United States
Department of Agriculture 2011); this shrub is an
extremely successful invader of riparian corridors,
especially in southwestern Ohio (McNeish, pers.
observation). Lonicera maackii can be readily dis-
persed into riparian zones by birds (e.g., Turdus
migratorius (L.); Bartuszevige and Gorchov 2006),
exhibit rapid growth (Luken and Mattimiro 1991), and
has a long growing season (McEwan et al. 2009a). The
growth, survivorship, and reproduction of native
plants have been shown to be negatively affected
by L. maackii (Collier et al. 2002; Gorchov and
Trisel 2003; Gould and Gorchov 2000; Hartman and
McCarthy 2004; Miller and Gorchov 2004). One
mechanism of impact is through the allelopathic
suppression of potential plant competitors (Cipollini
et al. 2008a; Cipollini et al. 2008b; Dorning and
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Cipollini 2006; McEwan et al. 2010) and insect herbi-
vores (McEwan et al. 2009b). A number of studies
have addressed the impacts of this species on terres-
trial ecosystems (Deering and Vankat 1999; Demars
and Boerner 1997; Hutchinson and Vankat 1997), but
little is known about its potential effects on aquatic
systems. Due to its large size and high population
densities, the branches of L. maackii create an over-
arching canopy along colonized headwater streams
(Fig. 1). In autumn, large amounts of L. maackii leaf
litter enter the aquatic system (McNeish, unpublished
data), creating the potential for significant alterations
in aquatic ecosystem structure and function.

We are conducting a series of experiments to
understand the effects of L. maackii on headwater
stream ecosystems in southwestern Ohio, USA. Here
we report results from an in-stream leaf breakdown
experiment designed to determine how senesced
L. maackii leaves (1) persist in headwater streams
and (2) influence the colonizing macroinvertebrate
community compared to native species and a native-
invasive species mix. Lonicera maackii leaves decom-
pose rapidly in terrestrial systems (Blair and Stowasser
2009; Trammell et al. 2011); therefore, we hypothe-
sized that (H;) L. maackii in-stream leaf breakdown
would be more rapid than that of native or mixed
species leaf packs. Additionally, due to its known
influence on terrestrial insects (McEwan et al. 2009b),
we hypothesized that (H,) L. maackii leaf litter would
support different densities and composition of aquatic
macroinvertebrate taxa and functional feeding groups
(FFG) compared to native and mixed species leaf
litter.

Methods
Study sites

The study sites were located within the upper reaches
of three 3rd order headwater streams located in the
Centerville-Washington and Sugarcreek-Bellbrook
park districts in southwestern Ohio (Fig. 2a). These
sites were classified as headwater streams based on
criteria described by Cushing and Allan (2001): (1) a
relatively narrow (1.5-3.0 m width) streambed, (2) the
surface is mostly shaded, and (3) the benthic substrate
consists of sand, clay, and rocks. These streams do not
have official names, and are hereafter referred to by
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Fig. 1 Dense Lonicera maackii canopy above a 3rd order headwater stream in Fecher Park, southwestern Ohio, USA. Photo taken by

Rachel E. McNeish July 2010

the park associated with each site: Possum Run (PR),
Fecher Park (FP), and Black Oak Park (BOP). Streams
were similar in bank-full discharge, sinuosity, sub-
strata, riparian vegetation, and abundance of riffle, run
and pool habitats. All streams were formed on
limestone geology (Schneider 1957), and had a
substantial clay component in the streambed (McNe-
ish, pers. observation). The riparian zones at all study
sites were dominated by L. maackii, which formed a
dense canopy over the stream (Fig. 1). The native tree
composition was similar among the sites and was
dominated by Platanus occidentalis (L.; sycamore),
Fraxinus spp. (L.; ash), Populus deltoides (Bartram ex
Marshall; cottonwood), and Ulmus spp (L.; elm).
Black Oak Park and PR were located in suburban
parks, while FP was about 0.25 km outside suburban
development.

Leaf litter breakdown

Senesced leaves of Fraxinus spp., P. occidentalis and
L. maackii were used in the in-stream leaf litter
breakdown experiment. Fraxinus spp. and P. occiden-
talis were chosen because they were common native

species present in the riparian zone at each stream and
represented a range of native species breakdown rates,
from the relatively rapid breakdown of Fraxinus spp. to
the more recalcitrant of P. occidentalis (Reice 1978).
Senesced leaves from all species were collected from
late October to mid November 2009, air dried for
2 weeks, and oven dried to a constant mass at 50 °C.
The leaf pack treatments consisted of invasive (10 g
L. maackii), native (5 g each of Fraxinus spp. and
P. occidentalis), or native-invasive mixed leaves
(3.33 g each of the 3 species).

Leaf packs were randomly anchored within riffles
(5 riffles/stream; Fig. 2b) on 15 December 2009,
which coincided with the completion of natural
L. maackii senescence. Riffle habitats were chosen
because they generally have greater macroinvertebrate
shredder biomass and higher concentrations of dis-
solved oxygen (Cummins et al. 1980). Fifteen leaf
packs from each stream (l/treatment/riffle) were
harvested weekly until breakdown of L. maackii leaf
material was complete. Harvested leaf packs were
preserved in 70 % denatured ethanol and processed
within 3 months. Leaves were rinsed, sorted by
species, oven dried to a constant mass at 50 °C, then
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Fig. 2 Possum Run, Fecher a
Park, and Black Oak Park
stream sites located within
the Little Sugar Creek
(north) and Sugar Creek
(south) sub-watersheds of
the Little Miami watershed,
in southwestern Ohio, USA
(a). Schematic of the
experimental design with 8
leaf packs/treatment
(invasive, mix, native)
randomly arranged on three
rope transects within one
riffle (n = 5 riffles per
stream; b)
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combusted at 550° C for ash-free-dry-mass (AFDM)
estimates as a measure of organic matter loss. For the
duration of the experiment, micro-T temperature
loggers (DS1921G) housed in waterproof underwater
casings (DS9019 K; Nexsense Technology and Fon-
driest Environmental, Beavercreek, OH) were
anchored in each stream and recorded the temperature
every 15 min. These data were used to calculate
accumulated degree-days (ADD) to account for tem-
perature variation during the course of the study.
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Transect

Macroinvertebrate community

All macroinvertebrates were collected from each
harvested leaf pack, identified under a stereomicro-
scope to family level (except Gastropoda, Isopoda,
Oligochaeta, and Amphipoda), and classified into FFG
according to Merritt et al. (2008) and Thorp and
Covich (2001). These data were used to determine
total macroinvertebrate density, taxon richness, taxon
density, and FFG relative abundance. Additionally,



Riparian forest invasion

1885

benthic macroinvertebrates were collected to compare
the macroinvertebrate taxa colonizing the leaf packs to
the source benthic community. Surber samples were
randomly collected from each riffle by placing the
frame along the stream bottom with water flowing into
the net. All benthic substrata inside the Surber frame
were scrubbed until clean, and all dislodged materials
and macroinvertebrates were collected in the net and
preserved in 70 % denatured ethanol.

Statistical analyses

Leaf pack decay coefficients (k) were calculated using
linear regression models (Benfield 2007) and com-
pared among treatments within each stream using one-
way ANOVA (e.g., Whiles and Wallace 1997; Alonso
et al. 2010). The decay coefficient was determined
from the slope of the linear regression of the In (%)
organic matter remaining on ADD throughout the
experiment (Benfield 2007). Normality tests for all
macroinvertebrate data were inconclusive due to small
sample size; therefore, both Friedman’s non-paramet-
ric test (with Dunn’s post-test) and parametric two-
way ANOVA (with Bonferroni post-tests) were used
to determine the effects of date and treatment on total
leaf mass remaining, total macroinvertebrate density,
individual taxon densities and FFG relative abun-
dance. Macroinvertebrate results were presented with
both non-parametric and parametric analyses to
balance the interpretation of the lower power non-
parametric tests with more powerful parametric anal-
yses. All statistical analyses were conducted using
GraphPad Prism version 5.0 (GraphPad Software, San
Diego CA, USA, www.graphpad.com).

Results
Leaf litter breakdown

Leaf litter breakdown was influenced by species, day,
and their interaction (Fp,y = 35.67, Frreament =
25.92, Fineraction = 30.60, all P < 0.0001). In all
streams, decay rates of L. maackii leaf material were
significantly faster (2.0-5.5x) than native or mixed
species leaf litter (Fig. 3). As a result of rapid
breakdown, there was significantly less invasive
species organic matter remaining compared to the
other leaf species in all streams and on all dates
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Fig. 3 Linear regression models of the In (%) leaf material
remaining with accumulated degree days (ADD) to calculate
processing coefficients (k) for invasive, mix species and native
leaf packs in three, 3rd order headwater streams of southwestern
Ohio, USA. Possum Run £k = —0.01406 (invasive), —0.003537
(mix), and —0.0035171 (native). Fecher Park k = —0.01111
(invasive), —0.003660 (mix), and —0.002256 (native). Black
Oak Park k= —0.0134 (invasive), —0.005677(mix), and
—0.002451(native). Different letters (a, b) indicate significant
differences between leaf pack breakdown rates (invasive,
native, mix) determined by Dunn’s post-tests after one-way
ANOVA

(Fig. 4; all sites Friedman’s test = 8.00, P = 0.0046).
For example, on day 7 the remaining invasive leaf
organic matter was approximately 45 and 19 % less
than that of native and mix species in PR, respectively
(Fig. 4; all P < 0.05). At the conclusion of the
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Fig. 4 Mean (£SE) leaf litter remaining for invasive, mix
species and native leaf packs in three, 3rd order headwater
streams of southwestern Ohio, USA (Possum Run, Fecher Park,
and Black Oak Park). Significant differences based on
Bonferroni post-test (P < 0.05) after two-way ANOVA, and
are represented with different letters between treatments within
sampling day

experiment (day 53), there was approximately 68 and
76 % less organic matter of invasive leaf material
compared to mix and native leaf packs, respectively
(Fig. 4; all P < 0.05). Interestingly, in some instances,
mix species leaf packs had significantly less organic
matter remaining (approximately 20-25 %) than
native packs, and on day 7 and 53 in PR, the remaining
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organic matter of the mix species was statistically
intermediate between native and invasive leaf packs
(Fig. 4; P < 0.05).

Macroinvertebrate communities

Macroinvertebrate taxon richness was similar among
streams (Table 1; 9 at PR; 10 at FP; 10 at BOP);
however, there were compositional differences
(Table 1). For instance, Planaridae and Amphipoda
were only present within BOP, whereas Empididae
and Acari were found at PR, and Hirudinea and
Aeshnidae were only collected at FP. In contrast,
Chironomidae was the dominant taxon present col-
lectively across leaf packs and streams (Table 1). For
the duration of the experiment, leaf packs supported
all macroinvertebrate taxa present in the source
benthic community, which indicated that the leaf pack
mesh did not influence macroinvertebrate leaf pack
colonization.

Invasive and mix species leaf packs generally
supported greater macroinvertebrate densities com-
pared to native leaf packs across all streams (Fig. 5);
however, this pattern was not statistically significant.
Invasive leaf pack macroinvertebrate densities were
significantly greater than the other leaf pack types
within PR on day 43 (Fig. 5; P < 0.05). Macroinver-
tebrate densities on leaf packs within FP and BOP
were statistically indistinguishable between treat-
ments and dates, and had lower densities than that of
PR leaf packs (Fig. 5).

There were differences in taxon densities among
leaf pack treatments over time (Fig. 6; Online
Resource 1: electronic supplemental data). For exam-
ple, on day 43, invasive leaf packs in PR and BOP
supported significantly greater Chironomidae densi-
ties, while there was significantly greater Simuliidae
density within PR invasive leaf packs (Fig. 6; all
P < 0.01), compared to other treatments. Within FP,
Oligochaeta densities were higher in mix species
compared to invasive leaf packs on day 43 (Fig. 6;
P <0.01), but in PR, they were greater in native
compared to invasive species leaf packs (Fig. 6;
P = 0.01).

Leaf pack macroinvertebrate communities were
dominated by gathering-collectors, and comprised
40-95 % of the macroinvertebrate community that
had colonized invasive leaf packs across streams
(Fig. 7; all P < 0.05). Mix species leaf pack
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Table 1 Macroinvertebrate taxa list with the total number of
individuals and relative abundance of all taxa collected
throughout the leaf pack breakdown experiment (53 days) for

each leaf pack treatment (invasive, mix, native) within Possum
Run, Fecher Park, and Black Oak Park

Possum Run Fecher Park Black Oak Park
Taxa Inv  Mix Nat Total (%) Inv Mix Nat Total (%) Inv Mix Nat Total (%) FFG
Chironomidae 98 80 77 255 71.8 64 59 37 160 551 39 27 18 84 52.1 GC
Simuliidae 25 16 11 52 146 7 20 35 62 213 8 17 6 31 19.2 FC
Empididae 0 2 1 3 08 O 0 0 0 0.0 0 0 0 00 P
Tipulidae 1 9 2 12 33 1 0 1 2 0.6 1 1 0 2 1.2 SH
Collembola 1 0 2 3 08 6 1 4 11 37 2 1 3 6 37 SH
Oligochaeta 1 0 9 10 28 4 9 5 18 62 16 4 4 24 149 SH
Hydropsychidae 3 1 11 15 42 3 18 7 28 9.6 1 2 4 7 43 GC
Gastropoda 2 1 0 3 0.8 1 2 2 5 1.7 0 1 2 3 1.8 SG
Acari 0 0 2 2 05 0 0 0 0 00 O 0 0 0 00 P
Isopoda 0 0 0 0 0.0 1 0 1 2 06 O 2 0 2 1.2 SH
Hirudinea 0 0 0 0 00 O 0 1 1 03 0 0 0 0 0.0 P
Aeshnidae 0 0 0 0 00 O 1 0 1 03 0 0 0 0 00 P
Planaridae 0 0 0 0 00 O 0 0 0 00 O 1 0 1 0.6 SH
Amphipoda 0 0 0 0 00 O 0 0 0 00 O 0 1 1 0.6 SH
Total 131 109 115 355 100.0 87 110 93 290 100.0 67 56 38 161 100.0

The functional feeding group for each taxa is represented as follows

GC gathering-collectors, FC filtering-collectors, P predators, SG scraper-grazers, SH shredders

communities were also dominated by gathering-
collectors, although, there was significant temporal
variation within and between streams (Online
Resource 2: electronic supplemental data). For exam-
ple, gathering-collectors were dominant on days 14
and 43 within PR (P < 0.001) and BOP (P < 0.05),
while they were only dominant on day 14 in FP
(Fig. 7; P < 0.001). The dominate FFGs that colo-
nized native leaf packs were more variable compared
to other leaf pack treatments between streams,
although, gathering-collectors within FP and BOP
made up from 40 to 50 % and 45-95 % within PR
(Fig. 7).

Discussion

Terrestrial leaf litter inputs are the main allochthonous
organic energy resource for aquatic organisms living
in headwater streams, and many aquatic macroinver-
tebrates rely on this organic matter for habitat and food
resources (Benfield 2007; Giller and Malmgqvist 1998;
Minshall 1967; Vannote et al. 1980). Changes in
riparian vegetation have the potential to cause

significant alterations in the quality, quantity, and
timing of organic matter inputs into stream ecosystems
(Kominoski et al. 2011). In-stream processing of leaf
litter organic matter is complex and influenced by
variation in leaf characteristics (Ostrofsky 1997) and
the benthic community composition (e.g., macroin-
vertebrate, microbial colonizers; Abelho 2001; Anderson
and Sedell 1979; Gessner et al. 1999; Hieber and
Gessner 2002; Short et al. 1980). Results from this
experiment demonstrated that riparian L. maackii has
substantial impacts on organic matter processing and
aquatic macroinvertebrate communities in headwater
streams.

Leaf litter breakdown

In this experiment, L. maackii leaf litter breakdown
rates were significantly faster than native species,
which supported our first hypothesis (H;) and was
consistent with other recent work that has suggested
that breakdown of L. maackii leaf material in terres-
trial environments is significantly faster than that of
native species (Blair and Stowasser 2009; Poulette and
Arthur 2012; Trammell et al. 2011). Our study is the
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Fig. 5 Mean (£SE) macroinvertebrate density supported by
invasive, mix species and native leaf packs in three, 3rd order
headwater streams of southwestern Ohio, USA (Possum Run,
Fecher Park, and Black Oak Park) over 53 days. Significant
differences were determined by Bonferroni post-tests
(P < 0.05) after two-way ANOVA between treatments on a
sampling day, and are represented by an asterisk

first to report that rapid breakdown of L. maackii leaf
litter occurs in aquatic habitats and supports the
general pattern that invasive species litter decays more
rapidly than native species (Ashton et al. 2005; Grout
et al. 1997; Swan et al. 2008). For instance, a leaf
decomposition experiment conducted in a wet tropical
forest in Hawai’i demonstrated that the leaf break-
down of six different invasive species was
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significantly faster than the litter of five native species
(Allison and Vitousek 2004). Cameron and Spencer
(1989) reported that leaf decomposition of Sapium
sebiferum (L. (Roxb.)) was significantly faster than the
native species Salix nigra (Marshall) in terrestrial
habitats. In another study, the leaf litter of the invasive
species Lythrum salicaria (L.) decayed 4 x faster
than that of the native Carex lyngbyei (Hornem.) in the
Fraser River estuary in British Columbia (Grout et al.
1997). Our work with L. maackii suggests that it is
representative of many invasive species in that (1) it is
a dominant invader of disturbed riparian zones and (2)
that its breakdown is significantly faster than native
species.

Leaf litter quality is an important determinant of
leaf breakdown rates. Lignin content is a strong
regulator of leaf decomposition processes (Melillo
et al. 1982), with fast breakdown rates associated with
low levels of lignin in the litter (Royer and Minshall
2001). Lignin content is approximately 21 % in
Fraxinus spp. leaves (Hendriksen 1990) and 39 % in
P. occidentalis leaves (Ostrofsky 1997), while L. ma-
ackii leaf lignin content has been reported to be
7.15 % (Trammell et al. 2011). Higher leaf nitrogen
has also been reported with accelerated breakdown
rates (Leroy and Marks 2006). Nitrogen is an impor-
tant nutrient for macroinvertebrate growth and devel-
opment (Tank et al. 2007) and is often present in
higher concentrations in invasive species (Ashton
et al. 2005) than native. Lonicera maackii leaves have
a C:N ratio of 25 £ 1.6 (Blair and Stowasser 2009),
suggesting higher relative nitrogen content compared
to Fraxinus spp. (C:N 32.6 £ 0.38; Poulette and
Arthur 2012) and P. occidentalis (C:N 50.5; Ostrofsky
1997); therefore, the native litter used in this exper-
iment likely was lower in nitrogen than L. maackii
litter. These results suggest that leaf litter quality
mediated breakdown rates and macroinvertebrate
colonization of our leaf packs.

Leaf litter decomposition is also affected by
microbial communities. For instance, bacteria and
aquatic hyphomycetes play a direct role in organic
matter breakdown through enzymatic activities
(Béarlocher 1982; Pascoal and Cassio 2004) and also
increase leaf litter palatability for macroinvertebrates,
facilitating colonization by macroinvertebrates and,
therefore, affecting leaf breakdown rates (Kaushik and
Hynes 1971). This microbial activity is facilitated by
high nutrient levels (e.g., phosphorus, nitrogen) in the
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Fig. 6 Mean (£SE) macroinvertebrate taxon density supported
by invasive, mix species and native leaf packs in three, 3rd order
headwater streams of southwestern Ohio, USA (Possum Run,
Fecher Park, Black Oak Park) over 53 days. Only the dominant
4 taxa are shown as all other taxa were represented by low

environment (Robinson and Gessner 2000). Microbial
communities may have substantial impacts on
L. maackii leaf litter breakdown in headwater streams
and should be considered for future studies.

Macroinvertebrate community

We found significant differences in macroinvertebrate
density, composition and FFG dominance among leaf
pack types (invasive, mix, native), supporting our
second hypothesis (H,). The presence of higher
macroinvertebrate densities and gathering-collectors
relative abundance within L. maackii leaf packs
suggests this organic matter was more readily and
quickly available as a habitat and/or food resource for
macroinvertebrates compared to native leaves. It is

densities and were not significantly different among treatments.
Bonferroni post-tests (P < 0.05) after two-way ANOVA were
used to determine significant differences between taxa on the
same day, and are represented by an asterisk

possible that macroinvertebrates are primarily utiliz-
ing L. maackii as a habitat resource rather than for
food. Robinson et al. (1998) suggested that microor-
ganisms were primarily responsible for the breakdown
of Alnus virdis [Chaix (Dc.)] leaves, while macroin-
vertebrates used these leaves primarily as a habitat
resource. In our study, invasive leaf packs were
dominated by the gathering-collectors that primarily
utilize leaf packs for habitat (Tarrant et al. 2009).
Further work is needed to identify patterns of macr-
oinvertebrate utilization of invasive species leaf litter
in headwater streams.

The phenology of L. maackii, particularly the fact
that it drops its leaves later in the season than native
species, may have implications for the life history
timing and development of stream macroinvertebrates.
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Fig. 7 Mean (4+SE) macroinvertebrate relative functional
feeding group abundances between invasive, mix species and
native leaf packs in three, 3rd order headwater streams of
southwestern Ohio, USA (Possum Run, Fecher Park, and Black
Oak Park) over 53 days. Bonferroni post-test (P < 0.05) after a

McEwan et al. (2009a) demonstrated that leaf senes-
cence of co-occurring native shrubs, Lindera benzoin
(L.) and Asimina triloba (L. (Dunal)), ended mid-
November, while L. maackii continued to senesce into
December. Within BOP, P. occidentalis and Fraxinus
spp. leaves collected from within the stream during
natural senescence peaked on 7 and 14 November 2010,
respectively (unpublished data). In contrast, L. maackii
senescence peaked on 21 November and made up
approximately 23 % of in-stream leaf litter on 5
December 2010. This temporal variation between
native and invasive leaf senescence alters the quantity
and quality of the allochthonous resources and, based
on leaf breakdown rates, contributes to substantial

@ Springer

v
A A

=#- Shredders

two-way ANOVA were used to determine significant differ-
ences between functional feeding groups (FFG) relative
abundance on the same day (asterisks) and between days (open
circles)

effects on the native organic processing in these
streams.

Studies that have focused on the influence of
terrestrial invasive species report a variety of
responses in aquatic organisms to leaf litter changes.
One study demonstrated that the leaves of the riparian
invasive F. japonica supported similar macroinverte-
brates compared to native and mix species leaf packs
(Braatne et al. 2007). In another study, Moline and
Poff (2008) reported that Tipula [Diptera: Tipulidae
(Latreille)] had higher growth rates on invasive
Tamarix spp. compared to native Populus (L.) leaf
litter food resources. Reinhart and VandeVoort (2006)
found that riparian invasive species leaf litter
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supported 73 % greater density of macroinvertebrate
predators compared to native leaves, which suggested
invasive leaf litter can have bottom-up food-web
impacts. From these studies, it is apparent that
extensive riparian invasion of exotic species can
influence macroinvertebrate food-web structure, and
these effects are species and system specific. More
work is needed to develop a trait-based and predictive
framework for understanding the impacts of terrestrial
invasive plants on aquatic ecosystems.

Conclusions

Differences in leaf breakdown rates among riparian
plant species create a “leaf processing continuum” that
supports aquatic food-webs (Peterson and Cummins
1974). When the native vegetation of a riparian zone is
supplanted by an invasive species, particularly if that
species has unique foliar traits, the “continuum” can be
altered. Native flora replacement by invasives with
rapid leaf breakdown can lead to reduced leaf litter
availability and lower leaf pack habitat heterogeneity,
impacting aquatic food-web dynamics. We found rapid
leaf breakdown and changes in the macroinvertebrate
community were associated with L. maackii invasion
along headwater stream riparian areas. Lonicera ma-
ackii is an extremely successful invader across the
Midwest; therefore, there is potential for this terrestrial
invader to have cumulated effects on aquatic biota and
ecosystem process at the local, regional, and large
watershed scale.
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