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ABSTRACT
Streams and their adjacent riparian zones are strongly
connected through reciprocal exchanges of organic matter
and prey subsidies. Riparian zones are often heterogenous,
disturbed, and speciose habitats, making them susceptible
to biotic invasions. Riparian invasions can alter subsidy
dynamics through myriad processes including habitat
changes, top-down and bottom-up pressures, and altered
predator-prey interactions. The potential impacts of
terrestrial invaders on stream-riparian ecosystems remain
understudied but may be expected to quantitatively affect
biotic communities and ecosystem functions. Here, we
provide evidence of effects of two invaders on linked stream-
riparian ecosystems: the hemlock woolly adelgid Adelges
tsugae in Appalachian streams and the Amur honeysuckle
Lonicera maackii in urban streams. At the community level,
both invasions led to shifts in invertebrate communities,
although the strength of the relationships varied. For
example, hemlock decline following adelgid invasion was
associated with increased relative abundance of herbivorous
aquatic invertebrates and increased riparian predator
density, whereas honeysuckle was associated with nuanced
shifts in spider density. Because both invaders shift the
composition of riparian vegetation, linked ecosystem
functions including the flux of subsidies and aquatic primary
production are also affected. Both alter structural and
functional components of stream-riparian systems,
highlighting the need for increased consideration of how
terrestrial invaders affect adjacent aquatic ecosystems.

Hemlock woolly adelgid (HWA) Adelges tsugae

Aphid-like insect that causes complete mortality of Eastern hemlock, 
a foundational species common in ravine riparian areas. Forests 
once dominated by hemlock are being replaced with rhododendron 
or mixed-hardwood forests including maple Acer and birch Betula.

Amur honeysuckle Lonicera maackii 

Fast growing shrub in eastern US forests that does very well in disturbed 
or edge habitats like riparian zones. They grow in monocultures, 
outcompeting and replacing native understory plants in entire forests.

Riparian zones and biological invasions
o Streams and their adjacent riparian zones are strongly connected through 

reciprocal exchanges of organic matter and prey subsidies.

o Riparian zones are susceptible to biotic invasions because they are heterogenous, 
disturbed, speciose, and function as corridors1.

o Invasive species alter community composition, affecting ecosystem services like 
nitrogen fixation, water use, biodiversity, and primary and secondary 
production2.

o Here, we consider two examples of invasive species important to stream-riparian 
ecosystems:
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Tetragnathidae spiders, and 
other consumers like birds 
and bats, rely on aquatic-
derived resources (i.e., 
emergent insects)

Emergent insects move 
energy and nutrients 
from aquatic to terrestrial 
environments

Benthic invertebrates 
incorporate and 
respond to quantity, 
quality, and timing of 
basal resources

Apigenin (left) is a 
major allelopathic 
compound in L. 
maackii leaves that 
also deters herbivory3.

Allelopathy: biochemicals can inhibit 
germination or growth of competitors.

Figure 1. Periphyton and hemlock 
detrital material were greatest in 
streams without riparian HWA.
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Figure 2. Two families of riparian spiders 
in hemlock riparian zones. One family had 

higher density in sites invaded by HWA.
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Aquatic-to-terrestrial subsidies and riparian 
consumers

o In addition to downstream and hyporheic movement, insect emergence into adjacent 
riparian zones is an important flux of resources. This emergent insect subsidy has been 
rarely studied in response to riparian invaders. 
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o 20% of emergent insect community 
composition was explained by forest HWA 
invasion status (PERMANOVA, p = 0.016).

• However, we did not observe differences in the rate 
of emergence (ANOVA p > 0.1). Composition, but not 
number, of emergent insects shifted.

o Riparian spiders are important predators in the 
stream-riparian food web. They can rely heavily 
on emergent insects for food resources.

• Riparian spider density was higher in invaded sites 
(Figure 2; Tukey’s HSD; p = 0.020). This may be due 
more to increases in availability of web-building 
substrate.

The benthic invertebrate community 
o Benthic invertebrates have evolved in concert with predictable subsidies from native 

riparian plant species. Changes in these subsidies (and in the food and habitat 
resources they provide) can cause a mismatch in timing and availability between 
consumer and resources, resulting in new invertebrate community and functional group 
compositions.

o Streams in hemlock forests host distinct aquatic insect communities.8 As hemlock 
declines following HWA invasion, those communities change.
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o We observed no associations between riparian L. maackii 
and benthic invertebrate densities (linear regression p > 0.1) 

• Others have found that removal of this invader increased 
aquatic invertebrate density, due to reduction of habitat and 
food resources by L. maackii 7.

• We observed that the proportion of herbivorous benthic 
macroinvertebrates was 480% higher at sites invaded by 
HWA9, possibly to due differences in habitat and microbial 
communities

Subsidies and sunlight: stream basal resources2
o Riparian invaders can modify incident light (which may alter in-stream autotrophic biomass) and alter 

the composition, quantity, quality, and timing of terrestrial-to-aquatic subsidies by changing the species 
composition of riparian vegetation.

o L. maackii also alters composition and timing of                                                                  
basal resources.

• L. maackii grows more densely than native riparian vegetation and blocks sunlight, but
does not cause overall declines in algal biomass6 .

• L. maackii branches physically block native leaf-fall6 and senesces late in the year, delaying 
the major detrital subsidy. Leaves provide a short-lived resource because they decompose 
quickly and leaf leachates have harmful effects on aquatic consumers7, so invasion of L. 
maackii may be expected to decrease the quality of this subsidy.

o HWA appears to alter composition and timing of basal resources.

• Hemlock forests allow less sunlight to reach streams than 
hardwood forests4, so HWA invasion should increase periphyton 
growth. However, we observed lower periphyton biomass at 
invaded sites (Figure 1; ANOVA p = 0.0035).

• Hemlock needles are less labile than deciduous leaves5, so HWA 
may be expected to increase the quality of this subsidy.

• However, the timing is altered because while hemlocks 
drop needles year-round, replacement forests are 
deciduous. This subsidy increases during Autumn but is 
lower throughout the rest of the year.
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