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ARTICLE INFO ABSTRACT
Keywords: Urban water bodies often receive pollution from stormwater runoff. Beaver activity can have varying effects on
Water quality water quality, but the impact on urban systems is not well understood. This study evaluates pollutant reduction
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in a constructed stormwater wetland facility with and without beaver activity. The concentration of urban
pollutants was measured in runoff at the inlet and outlet of the facility during storms: seven when beavers were
Urban streams absent and seven when beavers were present. Percent reductions of many pollutants, especially heavy metals and
Metals sediment, were significantly higher when beavers were present. None of the pollutants were significantly reduced
Beaver dams in the facility when beavers were absent, while several were significantly reduced when beavers were present,
including copper, mercury, lead, zinc, total phosphorus, and suspended solids. However, orthophosphate
increased with beaver activity. There was evidence that organic compounds such as phthalates, herbicides, and
preservatives may be reduced. The vast majority of applicable water quality standards were met at the facility
outlet when beavers were both absent and present. Beaver dams in the facility appeared to allow for sediment
settling and filtration of the water through the dam matrix of sticks, roots, and mud. Results for nutrients and
sediment were similar to what has been found with beaver activity in other systems, and the results for heavy
metals are encouraging as there are few studies on those pollutants. Coexistence devices like culvert protectors
and pond levelers were constructed to allow beavers to remain in the facility without negative impacts to human
maintenance efforts.

1. Introduction years ago when they were trapped to near extinction (Wilson and
Reeder, 2005). Beaver presence has been shown to improve ecosystem

1.1. Urban stream degradation functions, with particular impact on aquatic habitats and channel
structure (Bylak and Kukuta, 2020; Di Lorenzo et al., 2024; Butler and

Streams in urban areas have been degraded through a variety of Malanson, 2005). In their absence, many of these urban streams are
processes. Impervious areas such as roads, roofs, and parking lots cause now dealing with a lack of beavers as their natural regulating agent in
rain to run off and create sudden influxes of stormwater in streams addition to flashy flows and a cocktail of pollutants (Bailey et al., 2018).

leading to flashy stream flows, erosion, and incision (Dietz and Clausen,
2008; Allmendinger et al., 2007). Runoff from pavement, lawns, and
other surfaces contains fertilizers, herbicides, hydrocarbons, heavy
metals, tire particles, and other pollutants. Many streams throughout
North America and Eurasia are additionally degraded because the key
species which were historically responsible for engineering those sys-
tems, beavers, have often been greatly reduced in population, if not
remoYed entirely (Bailey et al,, 20.18; Halley a.nd Rosell, 2002). N.orth often built in new developments and sometimes as retrofits in existing
American beavers (Castor canadensis) and Eurasian beavers (Castor fiber) urban areas to infiltrate, detain, and treat runoff (FPA (Environmental
were nearly ubiquitous in their respective regions until a few hundred Protection Agency), 2025; Koucka et al., 2025; Winston et al., 2010;

1.2. Stormwater mitigation

The field of stormwater science has developed over the past several
decades to address urban stream degradation by reducing the harm from
runoff and restoring ecological functions. Green stormwater infrastruc-
ture facilities such as rain gardens, ponds, and constructed wetlands are
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Castleton et al., 2010). These facilities reduce flashy flows by either
infiltrating runoff or detaining water during storms and releasing it
slowly over time. They clean the water through physical settling and
filtration, chemical sorption and transformation, and biological uptake
and degradation (Taguchi et al., 2020). For example, average reductions
of 10-44% have been observed for various nutrients and heavy metals in
constructed stormwater wetlands (Clary et al., 2020). Hydrocarbon
reduction in constructed wetlands has also been observed, with effluent
concentrations 50-95% lower than the influent and often below detec-
tion limits (Walaszek et al., 2018; Tromp et al., 2012).

In addition to detaining and cleaning water, stormwater facilities can
contribute to ecological uplift by replicating wetland habitats that were
lost through draining or filling during conversion to urban or agricul-
tural use. Wildlife species including birds (Knight et al., 2001), am-
phibians (Scheffers and Paszkowski, 2013; Knight et al., 2001), and
dragonflies (Perron and Pick, 2020) use these facilities as habitat. In
heavily urbanized areas, stormwater facilities can represent the majority
of available habitat where most natural wetlands have often been filled
or drained, and some species are more commonly found in these facil-
ities than in the remaining natural habitats (Ferzoco and McCauley,
2024; Holzer, 2014). Beavers have also colonized some larger storm-
water facilities, creating both a challenge for human maintenance at the
same time as an opportunity for more natural urban hydrology regula-
tion (Bailey et al., 2018).

1.3. Beavers and water quality

Beaver activity has been shown to improve some water quality
measures in streams including dissolved oxygen (DO) (Bylak et al.,
2024; Stevenson et al., 2022; Dewey et al., 2022), sediment (Bylak
and Kukufa, 2022; Smith et al., 2025; White et al., 2025), E. coli
(White et al., 2025), nitrogen (Cooper et al., 2025; Was et al., 2025;
Murray et al., 2023), phosphorus (Cooper et al., 2025; Was et al., 2025;
Law et al., 2016), and the heavy metals zinc, copper, cadmium, and lead
(Belova et al., 2025; Murray et al., 2021; Shepherd and Nairn, 2020). It
has also been shown to reduce flashiness of stream discharge by slowing
water and reconnecting streams to their floodplains (Smith et al., 2020;
Thompson et al., 2021). Increased microbial activity in beaver ponds can
improve pollutant degradation in addition to beaver dams acting as
sinks for contaminants via sediment deposition and filtering the water as
it flows through them (White et al., 2025; Murray et al., 2023;). How-
ever, there is a lack of published information on the effect of beaver
activity on urban pollutants such as heavy metals, hydrocarbons, or
pesticides within an urban system.

Most studies on beaver activity in urban systems are focused on
mitigating negative impacts of beavers such as clogging of inlets and
outlets, felling trees, flooding of parking lots and roadways, etc.
(Portugal et al., 2015; Hoyt and Brown, 2005; Sobieraj et al., 2022).
Bailey et al. (2018) describes the general benefits of beaver dam building
and subsequent wetland expansion in improving urban hydrology in
wetland complexes in Seattle, but no analytical data was collected. To
our knowledge, there are no studies on the impact to water quality from
beaver activity in stormwater facilities. Beaver activity may increase
pollutant reduction in these facilities through sediment settling,
increased microbial activity, and filtration, as observed in stream studies
(Cooper et al., 2025; Smith et al., 2025). Alternately, since facilities are
designed to specific standards to optimize pollutant removal (EPA
(Environmental Protection Agency), 2021), beaver activity may have
the potential to negatively impact pollutant reduction efficiency due to
changes in flow paths and vegetation from damming and ponding (Bylak
and Kukuta, 2020; Di Lorenzo et al., 2024).

Beaver population increases have been noted in urban areas
throughout North America and Eurasia as the species rebound (Halley
and Rosell, 2002; Butler and Malanson, 2005; Bailey et al., 2018).
Beavers exist in a wide variety of habitats, and often inhabit flat, low-
land streams; therefore, many present-day urban centers likely
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contained beaver wetland complexes before extensive trapping, indi-
cating that some cities may be readily recolonized (Larsen et al., 2021;
Rosell and Campbell-Palmer, 2022). While the beavers' return may
afford significant opportunities to reduce anthropogenic stream degra-
dation, their interaction with human infrastructure often leads to sub-
stantial conflicts which must be addressed for humans to tolerate their
presence (Portugal et al., 2015; Hoyt and Brown, 2005; Sobieraj et al.,
2022).

1.4. Research aims and hypotheses

Although there is extensive research on both constructed stormwater
facilities and beaver activity, to our knowledge, this is the first study to
evaluate the impact of beaver activity on pollutant reduction in a
stormwater facility. Our research question is: Do beavers increase
pollutant reduction in this constructed stormwater facility? We hy-
pothesize that beaver activity will increase pollutant reduction, with our
null hypothesis that pollutant reduction will not be impacted by beaver
activity. To evaluate pollutant reduction due to the presence of beavers,
water quality samples were collected at the inlet and outlet of a con-
structed stormwater wetland facility during storm events with and
without beaver activity and analyzed for typical urban stormwater
pollutants.

2. Materials and methods
2.1. Site description

Beavers colonized a constructed stormwater wetland several years
after it was built and substantially altered the way the facility func-
tioned. This presented an opportunity to examine the impacts of beaver
activity on the treatment of urban stormwater runoff. The study area is a
6-ha (15-acre) site containing a 3.6-ha (9-acre) constructed stormwater
treatment wetland facility (hereafter: facility) located in Gresham,
Oregon, USA in the Pacific Northwest region of North America. The
facility was constructed in 2008 as a retrofit to treat stormwater runoff
from 387 ha (956 acres) of urban area dominated by industrial and
commercial retail land use (Fig. 1). Water enters the facility through two
large stormwater pipes which directly drain impervious surfaces. It then
passes through sedimentation forebays which are designed to slow the
water to settle out sediment and are dredged every few years. The water
then enters the main wetland area of the facility where it was designed
to flow through a series of sinuous terraced channels separated by rock
cascades (Fig. 2, top image). The treated water leaves the facility
through a single pipe at the outlet structure where it is discharged to the
Columbia Slough. The outlet structure contains a flow control device
with a series of orifices engineered to detain water before release.

The facility is managed by the City of Gresham local government. It
was generally built to specifications in the City of Gresham's Stormwater
Management Manual (City of Gresham, 2025); however, since it was a
retrofit, it was built to accommodate as much water as feasible and did
not fully meet the sizing criteria used for new developments. It was
designed to maximize the flow path and residence time of water in the
limited space with a series of terraced channels separated by berms.
Channels were designed to be vegetated with emergent aquatic vege-
tation to help slow the water and provide treatment. After construction,
background water levels in the facility were higher than anticipated,
likely due to constant inputs of groundwater from the inlet pipes. This
constant flowing water was typically ~0.5-1 m deep (~1.6-3.3 ft) and
limited the establishment of emergent vegetation.

Beaver activity was first noticed in the facility in the summer of 2014
when substantially altered flow paths and ponding depths were
observed. Beavers built dams on the rock cascades where the water flow
is constricted, creating ponds on the terraces (Fig. 2, bottom image). The
dams extended along the berms separating the terraces, which increased
ponding depth. The dams within the main facility were ~ 0.5-2 m
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Fig. 2. Aerials of the constructed stormwater wetland facility. The top image shows the water flow path (blue arrows) as designed and constructed and the bottom

image shows the flow path with beaver activity. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of
this article.)

(~1.6-6.6 ft) high and ~ 40-100 m (~131-328 ft) long. This slowed the throughout much of the facility. Vegetated shallows emerged on the
flow of water and increased the depth to ~1-2 m deep (~3.3-6.6 ft) sloped edges which were now under water. Two lodges were constructed
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in the middle of the facility. An additional dam was built in the weir
structure at the downstream end of one of the sedimentation forebays.
Dam sizes and locations were consistent across storms sampled with
beaver presence. The beavers and their dams were removed from the
facility in fall 2015. Beaver activity was absent from the facility for
several months during which time the flow paths and ponding depths
returned to design specifications. Beavers recolonized the facility in
winter 2016 and resumed dam building in the same locations for the
duration of the study.

After the beavers returned to the facility, several beaver coexistence
devices were constructed to reduce conflict with human maintenance.
These included a culvert protection fence at a sedimentation forebay
outlet, tree protection fencing around some large trees, and a pond-
leveler placed in the tallest dam to ensure it did not reach more than
~2m (~6.6 ft) in height (Fig. 3).

2.2. Stormwater sampling

Water quality samples were collected during 15 storms at the two
inlets and the single outlet of the facility from 2011 to 2025. Storms
were targeted for sampling when there was a minimum of 24 h without
rain prior to the storm and 8-25 mm (0.3-1.0 in) of rain was forecast in a
24-h period, which is typical of a frequent runoff-producing storm in this
region (Washington State Department of Ecology, 2012). One storm
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produced much more rain than forecast at 43 mm (1.7 in) with outlying
inlet concentrations of pollutants and it was therefore excluded from the
analysis. The remaining 14 storms averaged 12 mm (0.47 in) in 24 h.
Neither storm size nor inlet concentrations of any pollutants differed
significantly for the storms when beavers were absent vs. present using a
Mann-Whitney U test (storm size: W = 49.50, p = 0.749; inlet concen-
trations: W = 27-62, p = 0.097-1.00). This indicates that storm size and
initial pollutant concentrations were comparable for storms with and
without beaver activity and that pollutant reductions can be compared
between these two conditions.

Seven storms were analyzed when beaver activity was absent during
two time periods (fall 2011 - spring 2014 before beavers arrived and fall
2015 after beavers and dams were removed), and seven storms were
analyzed when beaver activity was present during two time periods
(winter/spring 2015 after the beavers initially arrived and winter 2016 —
fall 2025 after beavers recolonized). A minimum of three sub-samples
were collected during each storm to capture the beginning, middle,
and end of the storm, representing the rising limb, peak, and falling limb
of the hydrograph. During a subset of storms, observations were noted
on whether the dams were overtopped or breached when a given sub-
sample was collected. However, these observations were not consis-
tently collected and were therefore not statistically analyzed.

Fig. 3. Beaver dam and beaver coexistence devices in the constructed stormwater wetland facility. Top: main dam near the outlet of the facility as seen during willow
leaf-off season. The dam is ~2 m tall and extends along the berms to the right and left for ~100 m. Water can be seen filtering through the dam rather than flowing
over it. Middle left: trapezoidal culvert-protector fence. Middle right: tree protection fence. Bottom: pond leveler installed in main dam.
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2.3. Water quality analysis

Twenty-one water quality parameters were measured for all 14
storms, including heavy metals, nutrients, suspended solids, biochem-
ical oxygen demand (BOD), and E. coli. Nine storms were additionally
analyzed for chlorinated herbicides and pesticides, eight storms for
polycyclic aromatic hydrocarbons (PAHs) and phthalates, and one storm
for the newly described tire chemical 6PPD-quinone (Tian et al., 2021).
Temperature, pH, dissolved oxygen, and conductivity were measured in
the field with a YSI Professional Plus field probe and turbidity was
measured in the field by a Hach turbidimeter. Sample bottles were filled
and transported to a laboratory facility on ice where the following pa-
rameters were measured with methods approved by the United States
Environmental Protection Agency (EPA (Environmental Protection
Agency), 2003): heavy metals (total mercury and total and dissolved
copper, lead, and zinc), nutrients (total Kjeldahl nitrogen, total phos-
phorus, ammonia, nitrate, and ortho-phosphate), total suspended solids,
BOD, E. coli, PAHs, phthalates, and chlorinated herbicides and pesticides
(see Supplemental Material 1 for a full list of parameters, lab methods,
and detection limits). Parameters which were below detection limits
were estimated to be one half of the detection limit for statistical anal-
ysis (Kayhanian et al., 2002).

2.4. Statistical analysis

Sub-samples within a storm for a given location were averaged for
statistical analysis to provide one composite inlet and outlet value for
each pollutant for each storm. Values from the two inlets were combined
according to their relative contributing area to give an overall inlet value
for each parameter during each storm (hereafter: inlet). The west inlet
drained twice as much area as the east inlet, and the overall inlet con-
centration was calculated as two times the west inlet concentration plus
the east inlet concentration, divided by three. Non-parametric statistics
were used due to the relatively small sample sizes. This is typical for
storm-based water quality studies due to the rarity of storms which meet
sampling criteria for consistency, but may lead to increased Type 1 and
Type 2 errors (Helsel and Hirsch, 2002; Clary et al., 2020).

Average inlet and outlet values were compared between storms when
beavers were present vs. absent using the Mann-Whitney U test with o =
0.05 to determine if inlet or outlet concentrations differed between these
conditions. Statistical analyses were not performed for organic com-
pounds in storms without beaver activity due to the lack of data.
Pollutant reduction percentages were calculated for each parameter
during each storm by subtracting the outlet concentration from the inlet
concentration, dividing it by the inlet concentration, and multiplying by
100. Percent reductions were compared between storms with and
without beaver activity for each parameter using the Mann-Whitney U
test with a = 0.05 to determine if reductions were higher when beavers
were present. Average values for each water quality parameter for each
storm were compared between the inlet and outlet using the Wilcoxon
signed rank test with a = 0.05 to determine if values increased signifi-
cantly through the facility with beaver activity.

Results were compared to relevant state water quality regulatory
values: the Oregon Department of Environmental Quality's (ODEQ)
instream water quality standards for aquatic life and for human health
via fish consumption (OAR 340-041). The instream water quality
standards for ammonia and some metals vary based on hardness, pH,
and other parameters. Average values of these parameters were deter-
mined from the City of Gresham's 20-year dataset for instream water
quality samples.

3. Results
Overall, beaver activity appeared to improve pollutant reduction

from urban runoff in this constructed stormwater treatment wetland.
Details on individual pollutant results are described in Sections 3.1-3.4

Ecological Engineering 231 (2026) 108057

below. Average percent reduction of pollutants was higher when bea-
vers were present than when they were absent for most pollutants
measured (Table 1, Figs. 4 & 5). For example, heavy metals were
reduced by an average of 0-35% when beavers were absent and by an
average of 27-58% when beavers were present, and reductions for
mercury, lead, zinc, phosphorus, and total suspended solids were all
significantly higher when beavers were present than when they were
absent (p = 0.008-0.037). During storms where beavers were absent in
the facility, none of the parameters studied were significantly reduced;
however, during storms where the beavers were present several pa-
rameters were significantly reduced, including most heavy metals as
well as phosphorus, sediment, and BOD (Table 1). Several parameters
exceeded water quality standards when entering the facility but met the
standards upon leaving the facility when beaver activity was both absent
and present (Figs. 6-8). Although pollutant reductions were higher for
many parameters when beaver activity was present, outlet concentra-
tions did not differ significantly in storms with and without beavers (W
= 35-66, p = 0.097-0.943; Figs. 6-8). This may be due to limitations of
further reducing pollutants at low concentrations where maximum re-
ductions may have been reached for several pollutants in the facility
(Drapper et al., 2022; Clary et al., 2020).

3.1. Field parameters

None of the field parameters were significantly different between the
facility inlet and outlet when beavers were absent (Fig. 6; W =7-17,p =
0.059-1.000). However, when beavers were present conductivity
increased (W =1, p = 0.035) and dissolved oxygen decreased (W = 28, p
= 0.022), while pH and temperature did not change significantly
(Fig. 6).

3.2. Heavy metals

Heavy metals were generally reduced in the facility when beavers

Table 1

Pollutant reduction percentages for the constructed stormwater treatment fa-
cility with and without beaver activity present. Percent reduction (% red) are
average values across seven storms for each condition. P-values for “Inlet vs.
Outlet” are from Wilcoxon signed rank tests comparing inlet values to outlet
values during those storms, and p-values for “% red No Beavers vs. Beavers” are
for Mann-Whitney U tests of percent reductions in storms with and without
beavers. Significance at « = 0.05 is shown with “*”,

Parameter No Beavers Beavers p-value
% red
Type Individual % p- % p- ore
No
red value red value
Beavers
Inlet Inlet
vs.
vs. vs.
Beavers
Outlet Outlet
Heavy Total copper 21 0.052 42 0.022* 0.080
Metals Total mercury 20 0.106 50 0.022* 0.027*
Total lead 34 0.272 45 0.052 0.037*
Total zinc 27 0.108 58 0.022* 0.015*
Dissolved 6 0.800 27 0.035* 0.063
copper
Dissolved lead 0 0.590 50 0.036* 0.071
Dissolved zinc 35 0.151 47 0.022* 0.037*
Nutrients, Total Kjeldahl 3 0.554 24 0.076 0.101
Sediment, nitrogen
and Ammonia 29 0.151 21 0.108 0.551
Biological Nitrate —-40  0.272 -73  0.052 0.841
Total —6 0.554 19 0.022* 0.037*
phosphorus
Orthophosphate -61 0.142 -18  0.022% 0.449
Total suspended —-57  0.529 61 0.022* 0.008*
solids
Biochemical 0 0.787 46 0.035* 0.063
oxygen demand
E. coli —-23  0.554 18 0.800 0.125
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Fig. 4. Percent reductions in total and dissolved metals in a constructed stormwater wetland facility when beavers were absent and present. “Tot” indicates total and
“Dis” indicates dissolved forms of the metal. An “*” indicates significance of a Mann-Whitney U Test at p = 0.05. There was one outlier which is not shown on this
figure (dissolved lead without beaver activity at —155%) to increase visibility of remaining data.
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Fig. 5. Percent reductions in nutrients, sediment, and biological parameters in a constructed stormwater wetland facility when beavers were absent and present. An
«*” indicates significance of a Mann-Whitney U Test at p = 0.05. Outliers are indicated with an open circle. Two outliers are not shown on the figure (E. coli without
beaver at —789% and E. coli with beaver at —598%) to increase visibility of remaining data.

were present and were not reduced when beavers were absent (Fig. 4,
Fig. 7). Reductions were significantly higher in storms with beavers than
without for total mercury, total lead, total zinc, and dissolved zinc (p =
0.015-0.037). The facility did not significantly reduce concentrations of
any of the heavy metals measured when beavers were absent; however,
when beavers were present almost all metals measured were reduced
significantly by an average of 27-58% (Table 1, p = 0.022-0.036). The
only metal which was not shown to be significantly reduced when
beaver activity was present was total lead (p = 0.052), which may be
partially due to many samples that were below detection limits at both
the inlet and outlet. Concentrations of copper, lead, and zinc were
generally below relevant instream water quality standards both with
and without beaver activity (Fig. 7). There were a handful of exceed-
ances of water quality standards for metals, but no exceedances occurred
in the outlet samples when beaver activity was present.

3.3. Nutrients, sediment, and biological parameters

Reduction of sediment was higher when beaver dams were present
than when they were absent (p = 0.008), but reduction results were
mixed for nutrient and biological parameters (Fig. 5, Fig. 8). When
beavers were absent, none of the parameters studied changed

significantly between the inlet and outlet (p = 0.142-0.554). However,
when beavers were present, total phosphorus decreased significantly by
an average of 19% (p = 0.027), orthophosphate increased by an average
of 18% (p = 0.022), total suspended solids (TSS) decreased by an
average of 61% (p = 0.022), and biochemical oxygen demand (BOD)
decreased by an average of 46% (Table 1, p = 0.035). TKN, ammonia,
nitrate, and E. coli were not significantly changed when beavers were
present (p = 0.052-0.800). Values were generally below water quality
standards both with and without beavers (Fig. 8).

3.4. Organic compounds

During the sampled storms, most of the measured organic pollutant
compounds were below detection limits at the inlets and outlets when
beavers were both absent and present. The twelve compounds which
had detections in at least half of the storms sampled were: the PAHs
benzo(a) pyrene, benzo(b) fluoranthene, benzo(ghi) perylene, chrysene,
fluoranthene, indeno(1,2,3-cd) pyrene, phenanthrene, and pyrene, the
phthalate di(2-ethylhexyl) phthalate (DEHP), the pesticides 2,4-D and
pentachlorophenol, and the tire anti-ozonate chemical 6PPD-quinone.

PAHs and phthalates were only measured in two storms without
beavers and six storms with beavers; pesticides were only measured in
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Fig. 6. Field parameters at the inlet and outlet of the facility when beavers were absent and present. Red dashed lines indicate applicable water quality standards. For
these parameters they represent minimum values for various aquatic species. No parameters were significantly different with a Wilcoxon signed rank test at p = 0.05.
Outliers are indicated with an open circle. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

two storms without beavers and seven storms with beavers, and 6PPD-
quinone was only measured in one storm with beavers. Due to the low
sample size, statistics were not performed for organic pollutants when
beavers were absent or on 6PPD-quinone; however, most of these
compounds trended towards being lower at the outlet than the inlet
when beavers were both absent and present (Table 2).

Most of the PAHs and DEHP were reduced to at or near detection
limits in the facility both when beavers were absent and present
(Table 2). Several of these were significantly reduced when beavers were
present: benzo(ghi) perylene (p = 0.025), fluoranthene (p = 0.050),
phenanthrene (p = 0.026), pyrene (p = 0.005), and DEHP (p = 0.004).
Concentrations of 2,4-D and pentachlorophenol were generally higher in
the inlet samples than in the outlet samples but did not reduce to near
detection limits at the outlet as the other organic contaminants did
(Table 2). All of the 2,4-D concentrations and most of the pentachloro-
phenol concentrations were below the human health criteria for con-
sumption. Concentrations of pyrene were below human health criteria
for consumption of water and aquatic organisms. Concentrations of
benzo(a)pyrene were above these criteria at the inlets and not able to be
assessed at the outlet because the detection limit of 5 ng/L was above the
criterion of 1.3 ng/L. The emerging pollutant 6PPD-quinone was only
sampled in one storm, and no applicable water quality standard has yet
been implemented, but the preliminary results showed that inlet con-
centrations were above the lethal concentration for 50% of individuals
(LCs0) for adult coho salmon of 95 ng/L (Tian et al., 2022), while outlet
concentrations were below that level (Table 2).

3.5. Observations of facility function during storms

During storms when beaver activity was absent, water generally
flowed along the channels in the designed sinuous path (Fig. 2). Little
filtration through vegetation was observed as little emergent vegetation

was present. During the peaks of large storms, the water level sometimes
increased such that the berms were under water and the entire facility
basin filled for several hours before draining down slowly.

During the storms when beaver dams were present, water generally
flowed through several large ponds and beaver dams (Fig. 2). The water
level often increased higher than when beavers were absent as the dams
slowed and backed up the water. Water was generally observed flowing
through the dams, although during the peak of storms the dams were
often over topped or breached with water flowing over or around them.
When examining the subset of observations which noted the condition of
the water in relation to the dams, it was generally observed that
pollutant removal was higher and outlet concentrations were lower
when the beaver dams were intact and the water was flowing through
the dams than when the dams were topped or breached.

4. Discussion

Our results indicate that beaver activity appears to increase pollutant
removal of urban pollutants in this constructed wetland facility, espe-
cially for heavy metals and sediment. The results may also have impli-
cations for streams degraded by urbanization or other human activity in
addition to stormwater treatment facilities due to the ability of beavers
to improve water quality in a highly polluted system. Increased ponding
was observed when beaver activity was present in the facility, and water
was generally seen to flow through the dam matrix. These conditions
may have led to increased wetland dynamics in the facility, slowing of
water flow, more sedimentation, and increased filtration of the water
through the dams.

4.1. Water quality parameters

Beaver dams have been shown to increase the presence of wetland
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Table 2

Ecological Engineering 231 (2026) 108057

Concentrations of organic pollutants at the inlet and outlet of the constructed stormwater facility when beavers were absent and present.

Beaver Activity No

Yes

No Yes No Yes No Yes

Ave. outlet conc. (ng/L) # of events samples % detection at outlet

Parameter Type Parameter Ave. inlet conc. (ng/L)
Polycyclic aromatic hydrocarbon (PAH) Benzo(a) pyrene 12 8
Benzo(b) fluoranthene 23 13
Benzo(ghi) perylene 25 26
Chrysene 22 13
Fluoranthene 32 27
Indeno(1,2,3-cd) pyrene 12 8
Phenanthrene 38 30
Pyrene 48 62
Phthalate Di(2-ethylhexyl) phthalate 1267 1493
Pesticide 2.4-D 156 195
Pentachlorophenol 110 116
Anti-ozonate 6PPD-quinone NA 140

5 5 2 6 0 0
11 6 2 6 100 33
12 12 2 6 50 33
11 5 2 6 100 17
15 8 2 6 100 50
5 5 2 6 0 0
21 12 2 6 100 17
29 27 2 6 50 67
500 500 2 7 0 0
112 137 2 7 50 43
70 61 2 7 100 71
NA 66 0 1 NA 100

dynamics in flowing water systems, including increased microbial ac-
tivity (Bledzki et al., 2011; Grudzinski et al., 2022). This may have
contributed to the observed changes in nutrient and biological param-
eters. Increased ponding created by the beaver dams, which traps and
provides more time to decompose organic matter, may have led to the
observed decrease in dissolved oxygen when beavers were present
(Smith et al., 2025). Although low dissolved oxygen is detrimental to
many aquatic species who require it for metabolism (Saari et al., 2018),
the average outlet value of 11.7 mg/L was still relatively high and is
above the instream water quality standard applicable to this receiving
water body of 6.5 mg/L for cool-water aquatic life. Constructed storm-
water wetlands typically have lower dissolved oxygen concentrations
compared to natural ponds due to pollutant degradation, although this
varies depending on the time of year (Struck et al., 2008). A decrease in
dissolved oxygen has also been observed in beaver ponds (Stevenson
et al., 2022; Smith et al., 2025; Smith et al., 2020), which may be due
to the water slowing as a result of the dams, although other studies have
shown supersaturation of oxygen due to algae and macrophytes in the
beaver pond (Bylak et al., 2014). Constructed stormwater wetlands in
urban areas often do not have large numbers of macrophytes or algae,
particularly during storm events when water is flowing through the
wetland, and thus may not have this source of oxygen.

It may be surprising that there were no differences in temperature
when beavers were present because dams have been shown to some-
times have large effects on temperature (Jordan and Fairfax, 2022;
Stevenson et al., 2022; Bledzki et al., 2011). The difference is likely
related to locations and timing of the studies. Most studies on the effects
of beaver activity on temperature have taken place in stream systems in
the summer with ambient background flows. The current study was
conducted in a stormwater runoff system during storm events in the
winter rainy season. During these winter storms, the air and water were
relatively cool and the sky was cloudy, so there was little solar radiation
to create warming that might occur in the system during other times.
Additionally, the clay soil underlying the facility may reduce hyporheic
exchange with groundwater which has been shown to contribute to
cooling in some beaver stream systems (Dittbrenner et al., 2022).

Our study did not show any clear patterns of changes in nitrogen
concentrations or species, which points to the complex nitrogen dy-
namics in wetlands. Changes in nitrogen composition have been found
to be variable both for constructed wetlands (Clary et al., 2020; Schmitt
etal., 2015) and for beaver ponds (Grudzinski et al., 2022; Puttock et al.,
2017; Bason et al., 2017). Using the International Stormwater BMP
Database, Clary et al. (2020) indicates there was no significant differ-
ence in the influent and effluent of constructed wetlands for total ni-
trogen and TKN, but reductions in nitrate and ammonia occurred for 14
different studies. However, Schmitt et al. (2015) observed 79% reduc-
tion of total nitrogen, and Birch et al. (2004) observed 16% reduction of
total nitrogen and 9% reduction of TKN. This is similar to the results
observed in beaver ponds where 3 out of 6 studies indicated no
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difference in total nitrogen, 6 out of 17 studies (35%) indicated no dif-
ference in nitrate, and 5 out of 12 studies (42%) indicated no difference
in ammonia concentrations (Grudzinski et al., 2022). Some studies have
shown decreases in nitrate and ammonia in beaver ponds (Bledzki et al.,
2011), but others have shown an increase (Bollinger and Conklin, 2012;
Bason et al., 2017). Variability may be due to additional sources of ni-
trogen from upstream catchments (Puttock et al., 2018) or leaching from
soils rich in nutrients such as compost. Nutrients can leach from compost
and it has been identified as a significant source of nutrients in the
effluent of passive stormwater systems (Mullane et al., 2015; Hurley
et al., 2017). The amount of organic matter and dissolved oxygen may
also affect ammonia concentrations; aerobic biodegradation of organic
matter can occur preferentially to nitrification due to heterotrophic
bacteria out-competing nitrifying bacteria (Strauss and Lamberti, 2002).
If large amounts of organic matter are present and oxygen levels are low,
nitrification may slow or not occur at all.

Total phosphorus was decreased only when beavers were present,
although ortho-phosphate increased. Other studies of constructed wet-
lands also showed a significant decrease in total phosphorus (Clary et al.,
2020; Birch et al., 2004; Schmitt et al., 2015), but no significant changes
in ortho-phosphate (Clary et al., 2020). Results have been more variable
in beaver ponds where 5 out of 10 studies indicated no difference in total
phosphorus concentrations (Grudzinski et al., 2022). Some studies on
beaver ponds have shown a reduction in ortho-phosphate and total
phosphorus (Puttock et al., 2017; Law et al., 2016) whereas others have
shown an increase in ortho-phosphate concentrations (Bledzki et al.,
2011). The variability may be due to the amount of suspended solids
in the stormwater and reduction efficiencies of the facility; suspended
solids are typically a source of phosphorus in both beaver ponds and
constructed wetlands (Maret et al., 1987).

Our study did not find significant differences in E. coli concentrations
at the inlets vs. outlets when beavers were either absent or present. The
results indicate that there may not be any trends; however, the high
spatial and temporal variability of this parameter may be masking po-
tential trends. E. coli concentrations in wetlands can be highly variable
as wetland dynamics shift bacteriological compositions. The majority of
the samples were above the Oregon instream water quality standard,
which was developed for human swimming areas receiving runoff from
combined sewer systems and was intended to target E. coli from human
sources (Urban Water Resources Council, 2014). This facility does not
receive any runoff from combined sewer systems, and the runoff does
not contain any known human waste sources. Additionally, genetic
source tracking conducted by the City of Gresham in nearby stream and
stormwater systems has shown no detections of human sources and
indicated wildlife and domestic dogs as the primary waste sources (City
of Gresham, 2016). Abundant wildlife lives in the facility including
wetland birds, amphibians, deer, coyotes, and, of course, beavers.
Constructed wetlands have been shown to significantly reduce E. coli in
stormwater in the absence of wildlife (Clary et al., 2020; Birch et al.,
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2004), while beaver ponds have been shown to be a source of E. coli due
to the beavers themselves and other wildlife (White et al., 2025). It is
likely that this wildlife contributes E. coli to the water in the facility,
even if some E. coli is being filtered out. Beavers have generally
increased wildlife use of the facility (City of Gresham, 2019), which may
increase E. coli, but would still be consistent with the overall goals of the
facility.

Beaver dams have been shown to reduce sediment in flowing water
by slowing the water and allowing particles to settle out in addition to
filtering the water through the dams (Bradbury et al., 2026; Bylak and
Kukuta, 2022; Puttock et al., 2017; Fletcher et al., 2019; Bollinger and
Conklin, 2012). In our study, total suspended solids were decreased
only when beaver dams were present, indicating that beaver dams
increased sedimentation in this facility. In a study on sediment dy-
namics, Bradbury et al. (2026) observed that accumulation occurred
during lower intensity storms of <12 mm/h (<0.47 in/h), with erosion
occurring in some beaver ponds during larger storms. The peak rainfall
intensity of the sampled storms in this study averaged 4.5 mm/h (0.18
in/h) and was always <12 mm/h (0.47 in/h). Therefore, our results are
consistent in showing that beaver activity reduced particles in turbid
runoff during sampled storm events. Other pollutants such as heavy
metals may also have been bound to particles in the water which settled
out with sediment behind the dams.

It was somewhat surprising that the facility did not reduce sediment
when beavers were absent because the facility was designed to remove
sediment and other studies have demonstrated that constructed wet-
lands often do remove sediment (Birch et al., 2004; Clary et al., 2020;
Schmitt et al., 2015). Observations did show some sediment accumu-
lation in the facility when beavers were absent, and also resuspension of
some of that sediment during larger storms. When beavers were absent,
it is possible that the facility did remove sediment throughout the year
during smaller storms with some of it being resuspended during sampled
storms. Additionally, the facility was relatively small compared to the
drainage area (~1%) because it is a retrofit designed to utilize available
space, and the emergent aquatic vegetation originally planted did not
establish due to high background water levels (City of Gresham, 2016;
City of Gresham, 2019; City of Gresham, 2025). These conditions may
have led to lowered performance compared to other facilities which
were built to standard storm event sizing criteria (~6-10%) and which
effectively established emergent vegetation (Clary et al., 2020).

Beaver dams have been shown to physically filter water as it flows
through them, which may also allow for chemical sorption (Shepherd
and Nairn, 2020; Belova et al., 2025; Murray et al., 2021). The obser-
vation that pollutants had higher reductions during sub-samples where
water was flowing through rather than over or around the dams in-
dicates that they may be filtering some of the pollutants. These varying
flow paths are similar to those observed by Ronnquist and Westbrook
(2021) where water generally travelled through the dam except when
the ponds was ~95% full. This facility has high water level variability
due to the large drainage area, and water levels often rise and fall >2 m
(6.6 ft) during a given storm. Systems where a greater proportion of
water flows through beaver dams, such as less flashy systems or those
with large, established dams, may experience higher pollutant
reductions.

Filtration through the dams may have contributed to reductions in
heavy metals and organic pollutants in this facility as they are physically
filtered or chemically sorbed to soil particles and organic matter
(Shepherd and Nairn, 2020; Belova et al., 2025; Murray et al., 2021).
The majority of heavy metals measured were reduced by >40% when
beaver dams were present (42-58%). Pollutant reduction rates were
similar to what has been observed in constructed wetland studies (Birch
et al., 2004; Clary et al., 2020; Walaszek et al., 2018). In beaver ponds,
Bollinger and Conklin (2012) observed a decrease in copper and zinc,
and Shepherd and Nairn (2020) observed a decrease in lead and zinc at
the outlet of a beaver pond, but results were not statistically significant.
In general, heavy metals are often removed in soil via the positively
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charged metal ions sorbing to the negatively-charged soil (Yu et al.,
2023). The act of stormwater moving through the soil matrix within
the beaver dams in the constructed wetland likely contributed to the
reduced concentrations.

The facility appeared to reduce the concentration of most organic
pollutants, and did so significantly when beavers were present. How-
ever, due to the small sample size, limited data when beavers were ab-
sent, and variation in concentrations, a conclusion cannot be drawn
whether beaver activity improves pollutant reduction of these parame-
ters. These results are encouraging for the potential of constructed fa-
cilities and beaver activity to reduce organic pollutants in urban
waterways but more study is needed. Constructed wetlands have been
shown to reduce concentrations of organic pollutants which often sorb
to organic matter and can be degraded by wetland microbial activity
(Birch et al., 2004; Tromp et al., 2012; Walaszek et al., 2018). Our re-
sults suggest that this trend may be present in this facility, but the
sample size was too small to determine if beavers played a role. Beaver
dams are often constructed with organic matter such as sticks, mud, and
leaves, which may provide binding sites to sorb organic pollutants
(Brazier et al., 2021). The tire chemical 6PPD-quinone in particular is
known to bind readily to organic matter and therefore may be removed
in constructed wetlands in general and with filtration through beaver
dams in particular (Hildebrandt et al., 2024; Sanganyado, 2025). More
research is needed that can verify the ability of both constructed wet-
lands and beaver dams to reduce 6PPD-quinone concentration in
stormwater and in streams. If a similar pattern holds, then beaver ac-
tivity may be a way to lessen the impact of this chemical on endangered
salmon and other aquatic life.

Overall, beaver activity appeared to increase pollutant reduction in
this facility, especially for heavy metals and sediment, while results for
nutrients and biological parameters were more mixed. Possible mecha-
nisms for this include increased wetland dynamics, slowing of water
flow, increased sedimentation, and filtration through the dam matrix.
These potential pathways were observed in the facility during this study
but were not measured directly. Further research on these mechanisms
would help to inform how beaver engineering can help reduce urban
runoff pollutants in receiving water bodies. Additionally, future studies
including information on hydrologic measures such as flow and reten-
tion time would allow evaluation of pollutant load reductions in addi-
tion to reductions in concentrations.

4.2. Implications for constructed wetland design with beavers in mind

The results of this study indicate that beaver activity in this facility
improved urban runoff pollutant reduction. Therefore, it is desirable to
determine how to retain beavers at this site and coexist with them such
that human operations and maintenance is not compromised. It has long
been known that filtering stormwater through soil, such as that in a dam,
is an effective way to reduce many pollutants; this is the basis for
stormwater technologies like rain gardens, bioretention cells, and
infiltration basins (Hunt et al., 2012; Davis et al., 2006). The major
reason that large facilities such as the one in this study are not designed
with soil filters is because the large volume of water moving through the
facility would likely create breeches and washouts of soil berms.
Maintenance crews would frequently need to repair the facility to retain
flow paths and prevent water from short-circuiting to the outlet without
treatment. However, this is exactly what the beavers are doing in this
facility, like a free night crew constantly repairing the dams. When large
storms create breaches, they immediately seek them out and meticu-
lously patch them up, maintaining the filter.

Food and water levels are likely the most important factors for
retaining beavers in this facility. They seem to feed largely on the Sitka
willow (Salix sitchensis) which were planted during construction. Bea-
vers are often referred to as a “choosey generalist” due to their ability to
eat many species but prefer poplars and willows, including the Salix sp.
(Gerwing et al., 2013; Juhasz et al., 2023; Vorel et al., 2015). Roughly
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1000 willow stakes were planted over the 9-acre wetland. It appears that
this initial planting in conjunction with natural reseeding and regener-
ative coppicing of the willows after beaver damage is sufficient to sus-
tain at least one family of beavers in the facility. This facility receives
constant flow because groundwater infiltrates into the stormwater pipes
which feed the wetland allowing year-round water access for the bea-
vers. The shape of the facility allows for ponded areas to create under-
water entrances to bank dens and lodges which provide needed safety
for the beavers.

For constructed wetlands to be attractive to beavers, it is likely
beneficial to have an abundance of food available (e.g. willow, ash, or
cottonwood), year-round flow, and room for water levels to rise. Addi-
tionally, designs should limit reliance on soil berms, dikes, or levees
which may be compromised if beavers create slides or burrow through
them to connect areas of the wetlands (Taylor et al., 2017). If beavers are
not desired at a constructed wetland, designs should limit plants desir-
able to beavers as well as constrictions where running water creates an
attractive location for a small dam to create a large pond.

Of note, when beavers were absent, this facility was under-
performing when compared to other constructed wetlands (Birch et al.,
2004; Clary et al., 2020; Schmitt et al., 2015). This is likely due to the
relatively small size of the facility compared to the drainage area (~1%)
and the lack of established emergent aquatic vegetation. Our results
indicate that beaver activity may be able to increase performance of
undersized or otherwise constrained constructed wetlands. It is also
possible that constructed wetland facilities could benefit from designs
which mimic beaver activity. Designs which slow and filter the water in
a similar way to beaver dams, and structures such as beaver dam analogs
may provide similar benefits (Wohl and Inamdar, 2025). However, more
research into the underlying mechanisms of pollutant reduction is
warranted to understand how best to design, construct, and maintain
such systems to benefit water quality.

The sedimentation forebays in the facility have generally been quite
effective at removing sediment and are relatively easy to dredge and
maintain. Including these structures in facility design likely supports the
efficiency of many stormwater treatment wetlands (EPA (Environmental
Protection Agency), 2021). If included in facilities where beaver activity
is suspected, constrictions should be avoided or exclusion fences
installed to reduce clogging.

4.3. Conflicts and coexistence with beavers at constructed wetlands

Although beaver activity improved pollutant reduction in the facil-
ity, it also created challenges for human operations and maintenance. A
dam at the weir structure of the outlet to a sedimentation forebay had
caused the forebay to overflow, defeating its purpose and washing out
an access road. The largest dam in the main wetland became so high that
the resulting pond occupied most of the area designed for storm
detention, leaving less room for water to accumulate during storms
without overtopping the entire facility and bypassing the flow control
structure. Additionally, beaver-chewed trees have fallen on power lines,
roads, and washed up against outlet grates, blocking flow.

Each of these issues has been greatly reduced by hiring a contractor
to build beaver coexistence devices (Fig. 3; Project Beaver, 2025). The
forebay outlet was retrofitted with trapezoidal fence (also called a
“culvert protector”) which allow the beavers to build up against the
fence close to the outlet while allowing water to flow freely through the
far side. The largest dam in the main wetland was outfitted with a “pond-
leveler” pipe through the dam which has a sunken intake at the bottom
of the pond. This allows the dam to persist, but not beyond a pre-
determined height. Additionally, tree-protection fencing was con-
structed around certain trees identified as being desirable to retain and
therefore preventing beavers from chewing on those trees. Before these
coexistence structures were in place, City operations crews were
checking this facility every two weeks for beaver-related issues and often
needed to remove dams or debris. As of the writing of this paper, the
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structures have been in place for almost five years and City crews have
not needed to conduct beaver-related maintenance in the facility since
their installation.

Flow devices for controlling pond level, culvert protectors, and
exclusion fencing are the most common methods for coexistence with
beavers (Bailey et al., 2018; Portugal et al., 2015; Taylor et al., 2017). In
addition to pond-levelers used in the current study, flow devices such as
corrugated or flexible pipes in conjunction with exclusion fencing can
help maintain water flow, and repellants have also been used to
discourage chewing of vegetation (Taylor et al., 2017). Overplanting of
vegetation to allow some browsing has also been suggested (Bailey et al.,
2018). Although not technically a coexistence device, beavers are also
sometimes live-trapped and relocated to a more suitable location
(Project Beaver, 2025; Taylor et al., 2017; Bailey et al., 2018). These
methods can ensure coexistence with beavers in urban settings, partic-
ularly for stormwater systems where beaver activity can improve water
quality.

5. Conclusion

This study shows that beaver activity can improve pollutant reduc-
tion from urban stormwater runoff in a constructed wetland facility.
Copper, mercury, lead, zinc, phosphorus, suspended solids, and BOD
were all significantly reduced when beavers were present but not when
they were absent. There was also evidence for potential reduction of
several organic pollutants such as phthalates, PAHs, herbicides, and the
tire chemical 6PPD-quinone. Pollutants were generally reduced by
>40% when beavers dams were present. Higher pollutant reduction
occurred when water flowed through the dams; lower reductions
occurred during the peak of storms when the dams were often over-
topped or breached with water flowing over or around them. Although
this study indicates that beaver dams are likely to increase pollutant
reduction of urban stormwater pollutants, the mechanisms for the re-
ductions were not studied. Future research into understanding these
mechanisms would be valuable to increase understanding of how beaver
engineering benefits water quality.

This study indicates that it may be beneficial for downstream water
quality to support beaver activity in constructed wetlands, but the
beaver activity must be compatible with human access and maintenance
activities in order to be tolerated. Consideration for beavers can occur
during the planning and design of constructed wetland facilities
including plant selection, assessment of constriction points for dam
building, and room for additional ponding. Coexistence devices such as
culvert protectors, pond levelers, and tree fencing can be useful tech-
nologies to allow beavers to persist while reducing operations and
maintenance burden.

The ability of beaver dams and ponds to filter and settle urban pol-
lutants may also apply to urban stream and river systems. Recoloniza-
tion and allowed persistence of beavers in watersheds where they
historically occurred may be useful tools for mitigating negative impacts
of urbanization on urban water quality.

CRediT authorship contribution statement

Katie Holzer: Writing — review & editing, Writing — original draft,
Visualization, Software, Resources, Project administration, Methodol-
ogy, Investigation, Funding acquisition, Formal analysis, Data curation,
Conceptualization. Cara J. Poor: Writing — review & editing, Writing —
original draft, Methodology, Formal analysis.

Declaration of competing interest

The authors declare no conflicts of interest. The funders had no role
in the design of the study, in the collection, analysis, or interpretation of
data, in the writing of the manuscript, or in the decision to publish the
results.



K. Holzer and C.J. Poor
Acknowledgements

Sample collection was conducted in part by Torrey Lindbo, Karen
Bromley, Eliana Kastel, and Andrew Berube. Continued field work was
aided by Agger Chiropractic Clinic. Editing of the manuscript was con-
ducted by Torrey Lindbo, Sarah Hoffman, and Robert Bayers. Assistance
in creating Figs. 1 and 2 was provided by Matthew Henry. Photos in
Fig. 3 were provided by Sarah Koenigsberg and Beaver Craftworks
(www.beavercraft.works).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ecoleng.2026.108057.

Data availability

Data are available through the Oregon Department of Environmental
Quality's Ambient Water Quality Management System database:
https://www.oregon.gov/deq/wq/pages/wqdata.aspx (accessed on 16
July 2025).

References

Allmendinger, N.E., Pizzuto, J.E., Moglen, G.E., Lewicki, M., 2007. A sediment budget for
an urbanizing watershed, 1951-1996, Montgomery County, Maryland, USA. J. Am.
Water Res. Assoc. 43 (6), 1483-1498.

Bailey, D.R., Dittbrenner, B.J., Yocum, K.P., 2018. Reintegrating the North American
beaver (Castor canadensis) in the urban landscape. WIREs Water 6 (1), e1323.

Bason, C.W., Kroes, D.E., Brinson, M.M., 2017. The effect of beaver ponds on water
quality in rural coastal plain streams. Southeast. Nat. 16 (4), 584-602.

Belova, O., Fastovetska, K., Vigricas, E., Urbaitis, G., Slepetiene, A., 2025. Beaver
wetland buffers as ecosystem-based tools for sustainable water management and
lead (Pb) risk control. Sustainability 17 (21), 9892.

Birch, G.F., Matthai, C., Fazeli, M.S., Suh, J.Y., 2004. Efficiency of a constructed wetland
in removing contaminants from stormwater. Wetlands 24 (2), 459-466.

Btedzki, L.A., Bubier, J.L., Moulton, L.A., Kyker-Snowman, T.D., 2011. Downstream
effects of beaver ponds on the water quality of New England first-and second-order
streams. Ecohydrol 4 (5), 698-707.

Bollinger, E.K., Conklin, B., 2012. The effects of beaver-created wetlands on surface
water quality of lotic habitats in northern Illinois. Trans. Illinois State Acad. Sci. 105,
93-99.

Bradbury, G., Puttock, A., Coxon, G., Clarke, S., Brazier, R.E., 2026. Sub-annual
spatiotemporal dynamics of sediment and organic matter storage in beaver ponds.
Earth Surf. Process. Landf. 51 (2), e70256.

Brazier, R.E., Puttock, A., Graham, H.A., Auster, R.E., Davies, K.H., Brown, C.M., 2021.
Beaver: Nature's ecosystem engineers. Wiley Interdisc. Reviews: Water 8 (1), e1494.

Butler, D.R., Malanson, G.P., 2005. The geomorphic influences of beaver dams and
failures of beaver dams. Geomorp 71 (1-2), 48-60.

Bylak, A., Kukuta, K., 2020. Geomorphological effects of animals in mountain streams:
Impact and role. Sci. Total Environ. 749, 141283.

Bylak, A., Kukuta, K., 2022. Impact of fine-grained sediment on mountain stream
macroinvertebrate communities: Forestry activities and beaver-induced sediment
management. Sci. Total Environ. 832, 155079.

Bylak, A., Kukuta, K., Mitka, J., 2014. Beaver impact on stream fish life histories: the role
of landscape and local attributes. Can. J. Fish. Aquat. Sci. 71 (11), 1603-1615.

Bylak, A., Kochman-Kedziora, N., Kukuta, E., Kukuta, K., 2024. Beaver-related
restoration: an opportunity for sandy lowland streams in a human-dominated
landscape. J. Environ. Manag. 351, 119799.

Castleton, H.F., Stovin, V., Beck, S.B., Davison, J.B., 2010. Green roofs; building energy
savings and the potential for retrofit. Energy & Bldgs. 42 (10), 1582-1591.

City of Gresham, 2016. Gresham and Fairview NPDES Annual Report, Gresham, OR.

City of Gresham, 2019. Gresham and Fairview NPDES Annual Report, Gresham, OR.

City of Gresham, 2025. Stormwater Management Manual. www.greshamoregon.gov/g
lobalassets/city-departments/environmental-services/water-resources/water
shed-management/2025-draft-stormwater-management-manual.pdf accessed 10
October 2025.

Clary, J., Jones, J., Leisenring, M., Hobson, P., Strecker, E., 2020. International
Stormwater BMP Database: 2020 Summary Statistics. The Water Research
Foundation, Alexandria, VA, USA.

Cooper, R.J., Cabrales, S., Freeman, E., Holroyd, E., Wyatt, J., Tosney, J., 2025. Eurasian
beaver (Castor fiber) reintroduction: a nutrient mitigation solution for lowland chalk
streams? Wetlands 45 (1), 10.

Davis, A.P., Shokouhian, M., Sharma, H., Minami, C., 2006. Water quality improvement
through bioretention media: nitrogen and phosphorus removal. Water Environ. Res.
78 (3), 284-293.

Dewey, C., Fox, P.M., Bouskill, N.J., Dwivedi, D., Nico, P., Fendorf, S., 2022. Beaver
dams overshadow climate extremes in controlling riparian hydrology and water
quality. Nature Comm. 13 (1), 6509.

13

Ecological Engineering 231 (2026) 108057

Di Lorenzo, T., Tabilio Di Camillo, A., Mori, E., Viviano, A., Mazza, G., Pontalti, A.,
Rogora, M., Fiasca, B., Di Cicco, M., Galassi, D.M.P., 2024. Effects of a beaver dam on
the benthic copepod assemblage of a Mediterranean river. Sci. Report. 14 (1), 8956.

Dietz, M.E., Clausen, J.C., 2008. Stormwater runoff and export changes with
development in a traditional and low impact subdivision. J. Environ. Manag. 87 (4),
560-566.

Dittbrenner, B.J., Schilling, J.W., Torgersen, C.E., Lawler, J.J., 2022. Relocated beaver
can increase water storage and decrease stream temperature in headwater streams.
Ecosphere 13 (7), e4168.

Drapper, D., Olive, K., McAlister, T., Coleman, R., Lampard, J.L., 2022. A review of
pollutant concentrations in urban stormwater across Eastern Australia, after 20
years. Front. Environ. Chem. 3, 853764.

EPA (Environmental Protection Agency), 2003. Index to EPA Test Methods. April 2003
Revised Edition. https://www.epa.gov/sites/default/files/2015-03/documents/tes
tmeth.pdf. Accessed April 17, 2026.

EPA (Environmental Protection Agency), 2021. Stormwater Best Management Practice:
Stormwater Wetland. Office of Water, EPA-832-F-21-031AA. https://www.epa.gov/
system/files/documents/2021-11/bmp-stormwater-wetland.pdf (Accessed
November 25, 2025).

EPA (Environmental Protection Agency), 2025. Benefits of Green Infrastructure.
https://www.epa.gov/green-infrastructure/benefits-green-infrastructure. Accessed
July 9, 2025.

Ferzoco, I.M.C., McCauley, S.J., 2024. Novel habitats for biodiversity? A systematic
review and meta-analysis of freshwater biodiversity in stormwater management
ponds. Sci. Total Environ. 942, 173467.

Fletcher, D.E., Lindell, B.E., Lindell, A.H., Stankus, P.T., Fletcher, N.D., McArthur, J.V.,
Seaman, J.C., 2019. Basins, beaver ponds, and the storage and redistribution of trace
elements in an industrially impacted coastal plain stream on the Savannah River Site,
SC, USA. Environ. Int. 133, 105174.

Gerwing, T.G., Johnson, C.J., Alstrom-Rapaport, C., 2013. Factors influencing forage
selection by the North American beaver (Castor canadensis). Mamm. Biol. 78 (2),
79-86.

Grudzinski, B.P., Fritz, K., Golden, H.E., Newcomer-Johnson, T.A., Rech, J.A,, Levy, J.,
Fain, J., McCarty, J.L., Johnson, B., Vang, T.K., Maurer, K., 2022. A global review of
beaver dam impacts: stream conservation implications across biomes. Global Ecol. &
Cons. 37, e02163.

Halley, D.J., Rosell, F., 2002. The beaver's reconquest of Eurasia: status, population
development and management of a conservation success. Mammal Rev. 32 (3),
153-178.

Helsel, D.R., Hirsch, R.M., 2002. Techniques of Water-Resources Investigations of the U.
S. Geological Survey: Statistical Methods in Water Resources. USGS, Reston,
Virginia.

Hildebrandt, A., Hu, X., Germeau, H., Gonzalez, M., Yih, F., Rideout, C., Kolodziej, E.P.,
2024. Evaluation of 6PPD-Quinone Sorption to Treatment Media and Engineered
Soil Mixtures. Final Report. Washington Department of Ecology, Tacoma, WA.

Holzer, K., 2014. Amphipian use of constructed and remnant wetlands in an urban
landscape. Urban Ecosyst. 17, 955-968.

Hoyt, S., Brown, T., 2005. Stormwater pond and wetland maintenance concerns and
solutions. In: Proceedings of the 2005 EWRI Impacts of Global Climate Change
Conference, pp. 1-12.

Hunt, W.F., Davis, A.P., Traver, R.G., 2012. Meeting hydrologic and water quality goals
through targeted bioretention design. J. Environ. Eng. 138 (6), 698-707.

Hurley, S., Shrestha, P., Cording, A., 2017. Nutrient leaching from compost: implications
for bioretention and other green stormwater infrastructure. J. Sustain. Water Built
Environ. 3 (3), 04017006.

Jordan, C.E., Fairfax, E., 2022. Beaver: the North American freshwater climate action
plan. Wiley Interdisc. Reviews: Water 9 (4), e1592.

Juhész, E., Molnar, Z., Bede-Fazekas, A., Biré, M., 2023. General patterns of beavers’
selective foraging: how to evaluate the effects of a re-emerging driver of vegetation
change along Central European small watercourses. Biodivers. Conserv. 32 (7),
2197-2220.

Kayhanian, M., Singh, A., Meyer, S., 2002. Impact of non-detects in water quality data on
estimation of constituent mass loading. Water Sci. Technol. 45 (9), 219-225.

Knight, R.L., Clarke Jr., R.A., Bastian, R.K., 2001. Surface flow (SF) treatment wetlands
as a habitat for wildlife and humans. Water Sci. Technol. 44 (11-12), 27-37.

Koucka, M., Poor, C., Wolfand, J., Chang, H., Shandas, V., Aiona, A., Stevens, H.,
Kurtz, T., Hedin, S., Fancher, S., Lighthipe, J., Zucker, A., 2025. The first thirty years
of green stormwater infrastructure in Portland, Oregon. Sustainability 17 (15), 7159.

Larsen, A., Larsen, J.R., Lane, S.N., 2021. Dam builders and their works: Beaver
influences on the structure and function of river corridor hydrology, geomorphology,
biogeochemistry and ecosystems. Earth Sci. Rev. 218, 103623.

Law, A., McLean, F., Willby, N.J., 2016. Habitat engineering by beaver benefits aquatic
biodiversity and ecosystem processes in agricultural streams. Freshw. Biol. 61 (4),
486-499.

Maret, T.J., Parker, M., Fannin, T.E., 1987. The effect of beaver ponds on the nonpoint
source water quality of a stream in southwestern Wyoming. Water Res. 21 (3),
263-268.

Mullane, J.M., Flury, M., Igbal, H., Freeze, P.M., Hinman, C., Cogger, C.G., Shi, Z., 2015.
Intermittent rainstorms cause pulses of nitrogen, phosphorus, and copper in leachate
from compost in bioretention systems. Sci. Total Environ. 537, 294-303.

Murray, D., Neilson, B.T., Brahney, J., 2021. Source or sink? Quantifying beaver pond
influence on non-point source pollutant transport in the Intermountain West.

J. Environ. Mgmt. 285, 112127.

Murray, D., Neilson, B.T., Brahney, J., 2023. Beaver pond geomorphology influences
pond nitrogen retention and denitrification. J. Geophys. Res. Biogeosci. 128 (4),
€2022JG007199.


http://www.beavercraft.works
https://doi.org/10.1016/j.ecoleng.2026.108057
https://doi.org/10.1016/j.ecoleng.2026.108057
https://www.oregon.gov/deq/wq/pages/wqdata.aspx
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0005
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0005
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0005
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0010
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0010
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0015
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0015
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0020
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0020
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0020
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0025
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0025
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0030
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0030
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0030
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0035
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0035
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0035
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0040
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0040
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0040
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0045
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0045
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0050
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0050
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0055
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0055
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0060
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0060
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0060
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0065
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0065
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0070
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0070
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0070
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0075
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0075
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0080
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0085
http://www.greshamoregon.gov/globalassets/city-departments/environmental-services/water-resources/watershed-management/2025-draft-stormwater-management-manual.pdf
http://www.greshamoregon.gov/globalassets/city-departments/environmental-services/water-resources/watershed-management/2025-draft-stormwater-management-manual.pdf
http://www.greshamoregon.gov/globalassets/city-departments/environmental-services/water-resources/watershed-management/2025-draft-stormwater-management-manual.pdf
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0095
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0095
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0095
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0100
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0100
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0100
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0105
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0105
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0105
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0110
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0110
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0110
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0115
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0115
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0115
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0120
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0120
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0120
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0125
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0125
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0125
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0130
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0130
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0130
https://www.epa.gov/sites/default/files/2015-03/documents/testmeth.pdf
https://www.epa.gov/sites/default/files/2015-03/documents/testmeth.pdf
https://www.epa.gov/system/files/documents/2021-11/bmp-stormwater-wetland.pdf
https://www.epa.gov/system/files/documents/2021-11/bmp-stormwater-wetland.pdf
https://www.epa.gov/green-infrastructure/benefits-green-infrastructure
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0150
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0150
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0150
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0155
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0155
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0155
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0155
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0160
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0160
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0160
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0165
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0165
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0165
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0165
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0170
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0170
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0170
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0175
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0175
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0175
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0180
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0180
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0180
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0185
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0185
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0190
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0190
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0190
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0195
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0195
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0200
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0200
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0200
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0205
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0205
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0210
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0210
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0210
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0210
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0215
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0215
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0220
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0220
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0225
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0225
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0225
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0230
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0230
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0230
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0235
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0235
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0235
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0240
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0240
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0240
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0245
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0245
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0245
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0250
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0250
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0250
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0255
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0255
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0255

K. Holzer and C.J. Poor

Perron, M.A.C., Pick, F.R., 2020. Stormwater ponds as habitat for Odonata in urban
areas: the importance of obligate wetland plant species. Biodivers. Cons. 29 (3),
913-931.

Portugal, E., Wheaton, J., Bouwes, N., 2015. Spring Creek Wetland Area Adaptive Beaver
Management Plan. Prepared for Walmart Stores Inc. and the City of Logan, Logan,
UT.

Project Beaver, 2025. Empowering Humans: Resources for Living with Beavers. https://
projectbeaver.org/resources/ accessed 10 September 2025.

Puttock, A., Graham, H.A., Cunliffe, A.M., Elliott, M., Brazier, R.E., 2017. Eurasian
beaver activity increases water storage, attenuates flow and mitigates diffuse
pollution from intensively-managed grasslands. Sci. Total Environ. 576, 430-443.

Puttock, A., Graham, H.A., Carless, D., Brazier, R.E., 2018. Sediment and nutrient storage
in a beaver engineered wetland. Earth Surf. Process. Landf. 43 (11), 2358-2370.

Ronnquist, A.L., Westbrook, C.J., 2021. Beaver dams: how structure, flow state, and
landscape setting regulate water storage and release. Sci. Total Environ. 785,
147333.

Rosell, F., Campbell-Palmer, R., 2022. Beavers: Ecology, Behaviour, Conservation, and
Management. Oxford University Press, Oxford, UK.

Saari, G.N., Wang, Z., Brooks, B.W., 2018. Revisiting inland hypoxia: diverse
exceedances of dissolved oxygen thresholds for freshwater aquatic life. Environ. Sci.
Pollut. Res. 25 (4), 3139-3150.

Sanganyado, E., 2025. Aggregate exposure pathways for 6PPD-quinone: a source-to-
target site continuum integrating exposure and human health. Environ. Chem. &
Ecotox. 7, 394-406.

Scheffers, B.R., Paszkowski, C.A., 2013. Amphibian use of urban stormwater wetlands:
the role of natural habitat features. Landsc. Urban Plan. 113, 139-149.

Schmitt, N., Wanko, A., Laurent, J., Bois, P., Molle, P., Mosé, R., 2015. Constructed
wetlands treating stormwater from separate sewer networks in a residential
Strasbourg urban catchment area: micropollutant removal and fate. J. Environ.
Chem. Eng. 3 (4), 2816-2824.

Shepherd, N.L., Nairn, R.W., 2020. Metals retention in a net alkaline mine drainage
impacted stream due to the colonization of the North American beaver (Castor
canadensis). Sci. Total Environ. 731, 139203.

Smith, A., Tetzlaff, D., Gelbrecht, J., Kleine, L., Soulsby, C., 2020. Riparian wetland
rehabilitation and beaver re-colonization impacts on hydrological processes and
water quality in a lowland agricultural catchment. Sci. Total Environ. 699, 134302.

Smith, C.D., Leahy, E.K., Jones, K.L., Rounds, S.A., 2025. Effects of Beaver Dams and
Ponds on Water Quality in Urban Streams of the Tualatin River Basin, Northwestern
Oregon (no. 2025-5039-D). USGS.

Sobieraj, J., Bryx, M., Metelski, D., 2022. Stormwater management in the City of
Warsaw: a review and evaluation of technical solutions and strategies to improve the
capacity of the combined sewer system. Water 14 (13), 2109.

Stevenson, J.R., Dunham, J.B., Wondzell, S.M., Taylor, J., 2022. Dammed water
quality—Longitudinal stream responses below beaver ponds in the Umpqua River
Basin. Oregon. Ecohydrol. 15 (4), €2430.

Strauss, E.A., Lamberti, G.A., 2002. Effect of dissolved organic carbon quality on
microbial decomposition and nitrification rates in stream sediments. Freshw. Biol.
47 (1), 65-74.

Struck, S.D., Selvakumar, A., Borst, M., 2008. Prediction of effluent quality from
retention ponds and constructed wetlands for managing bacterial stressors in storm-
water runoff. J. Irrig. Drain. Eng. 134 (5), 567-578.

14

Ecological Engineering 231 (2026) 108057

Taguchi, V.J., Weiss, P.T., Gulliver, J.S., Klein, M.R., Hozalski, R.M., Baker, L.A.,
Finlay, J.C., Keeler, B.L., Nieber, J.L., 2020. It is not easy being green: Recognizing
unintended consequences of green stormwater infrastructure. Water 12 (2), 522.

Taylor, J.D., Yarrow, G.K., Miller, J.E., 2017. Beavers. Wildlife Damage Management
Technical Series. USDA, APHIS, WS National Wildlife Research Center, Ft. Collins,
Colorado.

Thompson, S., Vehkaoja, M., Pellikka, J., Nummi, P., 2021. Ecosystem services provided
by beavers Castor spp. Mammal Rev. 51 (1), 25-39.

Tian, Z., Zhao, H., Peter, K.T., Gonzalez, M., Wetzel, J., Wu, C., Hu, X., Prat, J.,
Mudrock, E., Hettinger, R., Cortina, A.E., 2021. A ubiquitous tire rubber-derived
chemical induces acute mortality in coho salmon. Science 371 (6525), 185-189.

Tian, Z., Gonzalez, M., Rideout, C.A., Zhao, H.N., Hu, X., Wetzel, J., Mudrock, E.,
James, C.A., McIntyre, J.K., Kolodziej, E.P., 2022. 6PPD-quinone: revised toxicity
assessment and quantification with a commercial standard. Environ. Sci. Technol.
Lett. 9 (2), 140-146.

Tromp, K., Lima, A.T., Barendregt, A., Verhoeven, J.T., 2012. Retention of heavy metals
and poly-aromatic hydrocarbons from road water in a constructed wetland and the
effect of de-icing. J. Hazard. Matls. 203, 290-298.

Urban Water Resources Council, 2014. Pathogens in Urban Stormwater Systems. Final
Report. Urban Water Resources Council of the Environmental and Water Resources
Institute of the American Society of Civil Engineers.

Vorel, A., Valkové, L., Hamsikovd, L., Malon, J., Korbelovd, J., 2015. Beaver foraging
behaviour: seasonal foraging specialization by a choosy generalist herbivore. Behav.
Ecol. Sociobiol. 69 (7), 1221-1235.

Walaszek, M., Bois, P., Laurent, J., Lenormand, E., Wanko, A., 2018. Micropollutants
removal and storage efficiencies in urban stormwater constructed wetland. Sci. Total
Environ. 645, 854-864.

Was, J., Siwek, J.P., Kijowska-Strugata, M., Gorczyca, E., 2025. The effect of beaver
ponds on water physico-chemical composition in the Carpathians (Poland and
Slovakia). EGUsphere 2025, 1-40.

Washington State Department of Ecology, 2012. Stormwater Management Manual for
Western Washington. Publication No. 12-10-030, Olympia, WA.

White, H.L., Fellows, R., Woodford, L., Ormsby, M.J., van Biervliet, O., Law, A.,
Quilliam, R.S., Willby, N.J., 2025. The impact of beaver dams on distribution of
waterborne Escherichia coli and turbidity in an agricultural landscape. Sci. Total
Environ. 968, 178871.

Wilson, D.E., Reeder, D.M. (Eds.), 2005. Mammal Species of the World: A Taxonomic and
Geographic Reference, 3rd ed. Johns Hopkins University Press, Baltimore, MD.

Winston, R.J., Luell, S.K., Hunt, W.F., 2010. Retrofitting with bioretention and a
bioswale to treat bridge deck stormwater runoff. In: Green Streets and Highways
2010: an Interactive Conference on the State of the Art and how to Achieve
Sustainable Outcomes, 2010. American Society of Civil Engineers, Denver, CO, USA,
pp. 147-162.

Wohl, E., Inamdar, S., 2025. Beaver versus human: the big differences in small dams.
WIREs Water 12 (2), €70019.

Yu, H,, Li, C, Yan, J., Ma, Y., Zhou, X., Yu, W., Kan, H., Meng, Q., Xie, R., Dong, P., 2023.
A review on adsorption characteristics and influencing mechanism of heavy metals
in farmland soil. RSC Adv. 13 (6), 3505-3519.


http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0260
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0260
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0260
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0265
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0265
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0265
https://projectbeaver.org/resources/
https://projectbeaver.org/resources/
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0275
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0275
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0275
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0280
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0280
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0285
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0285
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0285
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0290
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0290
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0295
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0295
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0295
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0300
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0300
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0300
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0305
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0305
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0310
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0310
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0310
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0310
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0315
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0315
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0315
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0320
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0320
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0320
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0325
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0325
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0325
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0330
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0330
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0330
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0335
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0335
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0335
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0340
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0340
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0340
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0345
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0345
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0345
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0350
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0350
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0350
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0355
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0355
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0355
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0360
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0360
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0365
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0365
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0365
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0370
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0370
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0370
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0370
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0375
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0375
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0375
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0380
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0380
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0380
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0385
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0385
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0385
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0390
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0390
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0390
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0395
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0395
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0395
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0400
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0400
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0405
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0405
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0405
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0405
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0410
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0410
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0415
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0415
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0415
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0415
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0415
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0420
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0420
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0425
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0425
http://refhub.elsevier.com/S0925-8574(26)00167-9/rf0425

	Beaver activity improves pollutant reduction in a constructed stormwater wetland
	1 Introduction
	1.1 Urban stream degradation
	1.2 Stormwater mitigation
	1.3 Beavers and water quality
	1.4 Research aims and hypotheses

	2 Materials and methods
	2.1 Site description
	2.2 Stormwater sampling
	2.3 Water quality analysis
	2.4 Statistical analysis

	3 Results
	3.1 Field parameters
	3.2 Heavy metals
	3.3 Nutrients, sediment, and biological parameters
	3.4 Organic compounds
	3.5 Observations of facility function during storms

	4 Discussion
	4.1 Water quality parameters
	4.2 Implications for constructed wetland design with beavers in mind
	4.3 Conflicts and coexistence with beavers at constructed wetlands

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	Data availability
	References


