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Abstract
Forested aquatic streams depend heavily on forest canopy input. This input is
a primary resource for the macroinvertebrate fauna. As a result, changes in
the canopy impact the aquatic ecosystem. The focus of this study was to identify leaf degradation rates to determine resource availability for invertebrate
communities. Specifically, leaf degradation rates were determined for oak,
poplar, maple and kudzu. Oak, poplar, and maple are established stream canopy vegetation while kudzu is an invasive species. By comparing leaf degradation rates of native vs. exotic leaves, it provides an insight to changes in
community structure. Furthermore, these changes in the plant canopy biodiversity have long-term implications for stream health.
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1. Introduction
Forested streams are inundated with the leaves from local vegetation, and surrounding canopy and these streams are impacted by the influx of this organic
material. This vegetation for many aquatic organisms provides them with habitat
as well as nutritional resources [1] [2]. As these leaves fall into the aquatic environment, they begin to degrade and release nutrients. Plant litter is the most
important and dominant energy source in a stream’s food web [3] [4]. It has
been estimated that streams surrounded by deciduous forests receive up to 99%
of energy input from the surrounding vegetation [4], and macroinvertebrates
rely on this leaf-litter to meet nutritional needs [5] [6] [7] [8]. This relationship
regulates the rate of leaf decomposition and the introduction of organic material
into the stream ecosystem. Therefore, a stream’s functionality is closely related
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to the processing of organic material [9] [10].
Several factors drive leaf degradation. For example, water temperature, chemical content, dissolved oxygen, aquatic macroinvertebrate abundance, water flow,
and the vegetation biodiversity are several factors that affect leaf degradation [2]
[6] [9]. Changes in the natural riparian vegetation such as of exotic or invasive
species can further influence the stream ecosystem. The introduction of species
such as kudzu causes the available vegetation to be less diverse and may further
alter the macroinvertebrate abundance and breakdown rate. Kudzu quickly dominates an area and decimates the diversity of available flora [11] [12] [13]. Moreover, native species are physically dominated by kudzu [11] [12] [13]. As kudzu
conquers its surrounding environment, there may be a decrease in nutritional
options, which could result in less diversity of animal species [14]. Not only is
the terrestrial environment impacted by the prevalence of kudzu, but there are
ecological implications to the surrounding watersheds. Kudzu affects the water
chemistry of stream ecosystems, and its presence can specifically lead to an
overabundance of nutrients such as isoprene and nitrogen [11]. Contamination
by these substances has damaging consequences to the water system, which include but are not limited to accumulation of harmful organic substances, excessive algae, and oxygen-depleting compounds [11] [15]. Water sources, which
have been consumed by kudzu, are also subjected to eutrophication that reduces
oxygen content, degrades the overall water quality, and harms the local organisms [15]. Eutrophication decreases the abundance of rare and native plant species while the species causing eutrophication, kudzu, intensifies in proliferation
[15]. The longer kudzu remains in control of an area the less biodiversity exists.
Water quality and biodiversity in the stream are used as indicators of the health
of the surrounding environment [16] [17]. The decline of water quality and biodiversity brought on by the overabundance of kudzu can have long-term implications for a pristine natural stream. A natural pristine stream, which has a great
diversity of vegetation and nutritional options, is necessary for local communities to subsist and develop. Diversity is crucial, and during certain times of the
year, leaf diversity can affect the rate of leaf breakdown in a stream [18]. This
could determine if nutritional resources are available for certain macroinvertebrates for feeding.
Ephemeroptera, Plecoptera, and Trichoptera are commonly referred to as
EPT taxa. These taxa are commonly used as bioindicators to determine stream
health. EPT taxa are sensitive environmental pollutants. Therefore, these taxa
only thrive in healthy streams [19] [20]. Both Ephemeroptera and Plecoptera
have aquatic stages that last for 1 - 4 years depending upon species [21]. Trichoptera feeding and growing seasons are usually in the winter and spring [21]
[22]. Therefore, leaf degradation rates would greatly impact the life cycles of
these organisms.
Research to determine whether leaf breakdown is an adequate tool for assessing stream health has been inconsistent [6] [23] [24]. More research is necessary
to directly link the rate of leaf breakdown and macroinvertebrate abundance to
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the overall health of the stream and the possible ramifications of invasive plant
species in the stream. The objective of this study was to establish leaf degradation rates of native and exotic vegetation in order to establish a connection a
stream health. Three native trees in the genus Quercus (oak), genus Acer (maple),
genus Liriodendron (tulip poplar) were compared to the exotic species Pueraria

lobata (kudzu).

2. Materials & Methods
A tributary of the Upper Yellow River in Lawrenceville, Georgia was chosen as
the research area. The stream had a diverse and abundant canopy and adjacent
to the stream were fields overgrown by Pueraria lobata, commonly known as
kudzu. Three native leaf types were collected from around the sites based on the
most common natural flora in the area. Approximately 150 g of genus Quercus
(oak), genus Acer (maple), genus Liriodendron (tulip poplar), and 150g of kudzu leaves were collected.
The leaves were collected directly from plant species and dried approximately
31C for 48 hours to resemble naturally fallen leaves in the stream. Seven grams
of each leaf type was weighed out with an electronic scale. Two waterproof labels identifying leaf type, the date to be removed, and stream location were
placed in each bag. The leaf packs were secured with multiple overhand knots.
There was a total of nine leaf packs of each of the leaf type. Then leaf packs
were secured to paving bricks using 61 centimeters of twine and fishing line.
Three fishing bobbers were also secured to the paving brick for identification
purposes.
Sites in the stream with a minimum average depth of 31 centimeters were
chosen and marked with red ribbon. Eight bricks were placed at each site. The
bricks at each site were spread out to prevent entanglement while remaining
clustered in the designated site. Every site had three leaf packs of each leaf type.
Bags for every leaf type were located at each site. In addition, sets of leaf packs
were designated for removal after 12, 24, and 36 days.
The water conditions and chemistry of each site were tested when the leaves
were placed in the stream, and weekly from that date. The stream depth was
recorded at three different places in each site. The depth was measured from the
stream floor to the water surface using a meter stick. Water flow through each
site was calculated three times a week, and the average water flow of each site
was determined. Meter sticks were set up 153 centimeters apart, and a floatation
device was released from the first stick. The time it took for the float to travel the
153 centimeters was tracked with a basic sports stopwatch, recorded, and used to
calculate the water flow. The temperature, dissolved oxygen, and pH of each site
were measured using an electronic water chemistry analysis device. The wand of
the device was submerged in the water allowing the device to determine the
temperature of the water, the percentage dissolved oxygen, the concentration of
dissolved oxygen, and the pH of the water.
Packs designated for removal were collected with a kick net and placed into a
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sealed bag and transported to the lab. In the lab, the leaves were rinsed thoroughly through a fine-mesh sieve to separate the leaf-litter from other stream
debris. The leaf-litter was dried for 12 hours at 50˚C in an oven, and the weight
was recorded. The samples were then ashed at 550˚C for 45 minutes, and the
material remaining was weighed to determine the ash-free dry mass.
The ash-free dry mass is used to determine the percentage of mass lost. The
percent of mass lost was plotted against the time in the water. Using a standard
exponential breakdown model, the slope of the regression of the natural log of
the percent of mass remaining versus the time was used to determine the rate of
leaf degradation. The variation in the rates of degradation for the leaves was
compared with a 1-way ANOVA using SPSS Statistics 17.0. This was followed by
Tukey, Scheffe, and Bonferroni post hoc multiple comparison tests to determine
which of the leaves degraded at significantly different rates.

3. Results
3.1. Leaf Degradation
Leaf mass lost ranged from 19% (oak) to 57% (kudzu), while poplar and maple
revealed a 45% and 34% mass lost. Poplar and kudzu had similar mass lost over
the first 12-day period, but over the remaining 24-day period kudzu displayed a
greater mass loss than polar. Average rates of degradation ranged from 0.0050
(oak) to 0.0201 (kudzu) with maple and poplar having degradation vales of
0.0102 and 0.0163 (Table 1). Species’ with a low average degradation rates also
exhibited a low leaf mass lost, which indicate a prolonged nutrient release into
the ecosystem to support invertebrate survival.
Over the entire study period, oak leaves lost the least of their mass, only
19%. Kudzu leaves lost 57% of their mass, the most of any leaf. Maple leaves
had 66% of their mass remaining, while poplar leaves had only 55% of their
mass remaining. During this period oak had the slowest rate of degradation at
an average of 0.0050/day. Maple and poplar broke down at a faster rate of 0.0102/
day and 0.0163/day, respectively. The fasted rate of breakdown was kudzu
leaves at a rate of 0.0201/day. Oak had a slow rate of degradation. Maple had a
medium rate of degradation, followed closely by poplar, which had a medium/fast rate of degradation. Kudzu had a fast rate of degradation (Figure 1
and Figure 2).
Table 1. The average percent of each leaf type remaining and rate of degradation after 36
days in the stream.

1970

Leaf
Type

Average %
Remaining

Average Rate of
Degradation (day−1)

Tukey (ANOVA)

P Value

Rate of Breakdown

Oak

81

0.0050

Slower than Kudzu

0.003

Slow

Maple

66

0.0102

Slower than Kudzu

0.015

Medium

Faster than other
native species

0.350

Medium/Fast

Poplar

55

0.0163

Kudzu

43

0.0201

Fast
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Figure 1. The mass remaining was plotted versus the amount of time the
leaves were in the stream.

Figure 2. The average rate of breakdown over a 36 day period for each leaf
type.

3.2. Water Chemistry
To understand the basic underlying parameters of the aquatic ecosystem, water
chemistry was averaged for the three sites and graphed to compare the summer
and fall. Water temperature showed an increase from in summer (Figure 3).
During the fall, the temperature reached a low of 9˚C, and during the summer
the temperature reached a high of 27˚C. Dissolved oxygen was higher when the
water temperature was cold, in the fall, and decreased as the water warmed
(Figure 4). As the dissolved oxygen fluctuated, the pH responded accordingly.
The pH was slightly higher in during the summer and lower in the fall (Figure
5). Also, the physical characteristics of the stream such as water flow and depth
were collected. There was significant flooding event during the fall period of the
experiment. As a result, after the flood, there was a significant spike in the water
flow (Figure 6). Concurrently, water depth also showed an increase after the
flood during the fall portion of the experiment (Figure 7). Finally, the rainfall
illustrates the point at which the flooding occurred (Figure 8).
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Figure 3. Water temperature in (˚C) for fall and summer.

Figure 4. Dissolved oxygen, measured in mg/L for summer and fall.

Figure 5. pH of the stream measured for the summer and fall.
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Figure 6. Flow of the stream measured in m/s for the summer and fall.

Figure 7. Stream depth measured in cm for the summer and fall.

Figure 8. Rainfall measured in inches for the summer and fall.
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4. Discussion
Leaf type affects the rate of nutrient release into the stream [18]. The rate of leaf
degradation is linked to the availability of particulate organic matter provided to
the benthic zone for macroinvertebrates. Moreover, macroinvertebrates provide
the flow of energy to higher organisms in the community [25]. Native leaves
from the local canopy provided nutrients at a slow rate to a medium/fast rate.
The exotic species in this study, like kudzu, released organic matter into the system at a fast rate. Therefore, if kudzu becomes the sole vegetative resource, the
stream may only experience an influx of nutrient input for a short period.
Significant variation between leaf degradation rates was indicated in this study
thus providing compelling evidence on invertebrate community structure. The
most prominent variation was between that of kudzu and the two classes of native leaves. Kudzu degraded at a significantly faster rate than either oak or maple.
After thirty-six days kudzu leaves had only 43% of their mass remaining. Oak
leaves had over 80% of their mass remaining, and maple leaves still had over
65% of their original mass. There had been much more degradation of the kudzu
leaves than oak or maple. Kudzu had released more nutrients into the stream in
a shorter amount of time as compared to native leaves. Therefore, the entirety of
the kudzu input would be broken down before the end of the season. The wide
range of rates at which native leaves degrade, allow the leaves to release nutrients
into the stream throughout the entire season. Oak leaves broke down at a slow
rate, while maple leaves degraded at a medium rate and poplar broke down at a
medium to fast rate. Poplar leaves provide a quick release of nutrients to the
benthic zone, and with a slower breakdown rate, maple leaves provide nutrients
further into the season. Finally, Oak, with the slowest rate of breakdown, could
be a source of nutrients for benthic macroinvertebrates late in the season. This
variation is key for the aquatic invertebrates, which rely on leaf debris for food
and refuge, and this supply needs to extend into the spring and early summer
when hatching occurs for some macroinvertebrates [21] [22].
Since several key invertebrates are often used to determine stream health, the
overall impact between resources and community structure is a fundamental
factor. Significant predictors of overall stream health are the presence of EPT
taxa (Ephemeroptera, Plecoptera, and Trichoptera) [14] [19] [20] [26] [27].
These taxa are extremely sensitive to environmental disturbances as well as pollution, therefore, are prime indicator species. As that the aquatic stages of
Ephemeroptera and Plecoptera extend from one to four years [21] changes in
leaf degradation rates could greatly impact their life cycles. Knowing kudzu has a
faster degradation rate, any ecosystem overridden with this species could only
provide a nutrient influx for a limited time frame, thus, significantly impacting
the invertebrate populations and stream health.
Unfortunately, when kudzu is introduced to an area it swiftly occupies the entire community [12]. As a result, kudzu rapidly becomes the primary nutritional
source available to aquatic invertebrates. Furthermore, the faster degradation
rates of kudzu would strongly affect resource availability. With a lone food source
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that has such a fast rate of degradation, the organisms would lack the necessary
nutrients for their lifecycle. The biodiversity of the native leaves provides the
system with the nutrients needed for local organisms to survive and regulate
their life cycles by basing their lifecycles on when the most nutrients they need
are available. Therefore, biodiversity of stream canopy will have a direct impact
on the rate at which nutrients are released into a stream community [18].
The linkage between leaf species and leaf breakdown plays an integral part in
the functioning of the stream’s ecosystem. As the plant community is altered, the
rate of leaf breakdown will also be altered resulting in changes in the leaf litter.
This then drastically impacts the structure of the aquatic invertebrate community. Given this broad range of changes, this study further implies long term affects
species diversity and species abundance in both invertebrate and plant communities. Thus, allowing the door to open for less sensitive taxa and impacting overall stream health as well as other functional ecosystem attributes.
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