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Abstract—Currant Creek, a second order stream in southwestern Wyoming, has three large complexes
of beaver ponds midway along its 32 km length. To determine whether these ponds improve the quality
of water flowing through them, during spring and summer of 1984 and 1985 water samples were taken
upstream from, within, and downstream from the pond complexes. During periods of high flow (i.e. spring
runoff), concentrations of suspended solids (SS), total phosphorus (TP), sodium hydroxide-extractable
phosphorus (NaOH-P, an index of biologically available P) and total Kjeldahl nitrogen (TKN) were
reduced in water flowing through the beaver ponds. During low flow, beaver ponds had less effect on these
parameters. Concentrations of nitrate nitrogen (NO,;-N) were reduced during both high and low flows,
while concentrations of ortho-phosphate (ortho-P) did not appear to be affected by beaver ponds.
Ammonia nitrogen almost always was at the limit of detection. Regression of NaOH-P versus [SS plus
ortho-P) suggested that the primary source of NaOH-P was SS. In general, SS explained a large portion
of the variation in TP, TKN, and NaOH-P, and often ortho-P was significantly correlated to TP. The
increase in the concentration of most parameters below the area with dam complexes appears to reflect
input from bank and channel erosion, and export of SS, TP, TKN and NO;-N from beaver dam
complexes was calculated to be less than that from stream sections above or below the dams. Thus the
location of dams should be considered before using them to try and improve water quality. The apparent
importance of bank and channel erosion as the primary source of nutrients to Currant Creek contrasts
with many watersheds in agricultural areas.
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INTRODUCTION

In the arid west, pollution from nonpoint sources is
a major water quality problem. For example, approx.
80% of all nutrients entering Flaming Gorge Reser-
voir (SW Wyoming and NE Utah) are estimated to
originate from nonpoint sources (Southwestern Wyo-
ming Water Quality Planning Association, 1978).
Several studies suggest how processes in riparian
zones might be used to mitigate such nonpoint source
input. Data of Naiman and Melillo (1984), Francis et
al. (1985), Smith (1980), and Munther (1982) indicate
that beaver ponds may trap sediments and nutrients,
thus preventing transport downstream. Other pro-
cesses within wetlands and beaver ponds also may
corntribute to nutrient retention or conversion (Apple,
1985; Roseboom and Russell, 1985; Jacobs and Gil-
liam, 1983; Brinson et al, 1981). More generally,
Lowrance et al. (1984) suggest that biological pro-
cesses in riparian forests act as nutrient filters to
reduce input to adjacent streams.

One long-term goal of our research is to determine
whether management of beaver on streams could

*To whom all correspondence should be addressed.
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reduce nutrient loading to lakes or reservoirs. The
research reported here was an initial effort to evaluate
the effect of beaver ponds on water quality. Two null
hypotheses were posed: (1) water quality is unaffected
by beaver ponds; and (2) the location of the beaver
ponds along the stream (e.g. headwaters only) does
not affect the quality of water exported to receiving
waters.

DESCRIPTION OF STUDY AREA

The study was conducted in southwest Wyoming
about 48 km south-southwest of the city of Rock
Springs. Research was performed on Currant Creek,
a second order stream flowing into the northeast
corner of Flaming Gorge Reservoir (Currant Creek
Ranch quadrangle, USGS 1:62,500 map). The stream
has a drainage area of approx. 132 km? and a total
length of 32 km. Flow originates at an elevation of
2900 m and empties into the reservoir at 1830 m.

The study area consisted of a 12.9 km section of
stream. The downstream end of the study area is
3.2 km upstream from the outlet into Flaming Gorge
Reservoir. The valley floor in the study area is about
0.3 km across, and steep sides rise up to 300 m above
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the valley bottom over a horizontal distance of about
0.6 km. Within the study area, the stream has a
gradient ranging from <1-3%. .

The stream is not continuously gauged. During the
study, measured discharge ranged from 1.07 to
0.07m’s~' and measured velocities varied from un-
detectable to 1.3 m s, In the study area, width of the
stream is between about 1.5 and 6 m. The maximum
depth recorded was 1 m. In faster moving sections the
stream bottom is firm with a composition of small
cobbles, gravel and fine sediments; in deeper areas
with lesser velocity the substrate tends to be soft, fine
sediment (Platts et al., 1983). During 1984 the ob-
served ranges for conductivity, total dissolved solids
and pH were respectively 520-920 micromhos cm ™!
at 25°C, 368-692 mgl-!, and 7.9-8.6.

There is some beaver activity in the headwater
region of the basin, followed by a section of about
14 km, apparently without activity, before the study
area is reached. Within the study area three large
beaver pond complexes vary in length from 0.3 to
0.6 km. There also are numerous individual beaver
ponds scattered along the stream between the pond
complexes. Extensive areas of marsh and willow
(Salix) thickets accompany the beaver ponds. In
addition to ponds and riparian areas, the valley floor
is occupied by subirrigated and irrigated hay mead-
ows, and dry areas of sagebrush (Artemisia) and
greasewood (Sarcobatus). In the downstream 4.0 km
of the study area there are no beaver ponds and the
stream is downcut.

Two differences between the 1984 and 1985 field
seasons should be noted. First, there were fewer cattle
in the study area during 1985 than during 1984.
Second, 1984 was an exceptionally wet year, both in
terms of snow-melt and summer rain, while 1985 was
quite dry.

METHODS

In May 1984, automatic water samplers (ISCO Model
1392) were placed at five sites along the stream. These sites,
which we refer to as the unpaired stations, were (upstream
to downstream): Station 1: upstream from all beaver ponds.
Station 2: 3.3 km from station | and within a portion of the
creek containing beaver ponds. Station 3: 6.5km from
station 1 and immediately downstream from a section of
stream containing beaver ponds. Station 4: 9.7 km from
station | and downstream from a 3.2 km stretch of stream
containing no beaver ponds. Station 5: 10.2 km from station
1 and directly downstream from several small beaver ponds
which washed out at the start of spring runoff, 1984.

The automatic water samplers were set to collect
250-500 ml at intervals of 5.5-8.0 h. Approximately every
seven days the automatic samplers were serviced and their
composite samples removed for analysis. Concurrently, a
grab sample was taken and the stream was gauged at each
station to provide the data necessary for calculating volume
discharge. Preservatives never were used in any samples, but
all samples were placed on ice in the dark and analyses
began within 1-2h. Sampling continued through early
August 1984. The composite samples were analyzed for the
following parameters: suspended solids, nonfilterable resi-
due upon evaporation at 180°C (U.S. EPA, 1983); total
phosphorus, persulfate digestion, colorimetric-ascorbic acid
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(U.S. EPA, 1983); total Kjeldahl nitrogen, distillation,
titrimetric (U.S. EPA, 1983). Analyses made on the grab
samples were: ortho-phosphate, direct colorimetric-ascorbic
acid (U.S. EPA, 1983); NaOH-extractable phosphorus,
NaOH/NaCl extraction, colorimetric-ascorbic acid (Messer
et al., 1984); nitrate nitrogen, Devarda alloy reduction-
distillation and titration (APHA, 1980); ammonia nitrogen,
distillation, titrimetric (U.S. EPA, 1983).

In early July 1984 we initiated additional sampling at
three pairs of stations. with one pair in each of the three
beaver pond complexes. These sites are referred to as the
paired stations. One station from each pair was located
immediately upstream from the ponds in a complex, while
the other was located in the downstream end of the complex.
Weekly grab samples were taken at these stations and
analyzed for all parameters listed above. The stream was
gauged at the locations upstream from the pond complexes.
Sampling continued at the paired stations through early
October 1984.

We resumed sampling in early April 1985. Grab samples
only were taken at all stations and again were analyzed for
all parameters listed above. No samples were taken at
station 5, because the ponds immediately upstream had
washed out early during spring runoff in 1984. Sampling
continued through mid-June, 1985.

Statistical analyses were performed on a microcomputer
using the MS-DOS version of the software package Systat
(Systat Inc., 1984). Two sample z-tests were used to deter-
mine if concentrations of various parameters were less at
unpaired stations associated with the complexes (2 and 3)
compared to unpaired stations upstream and several km
downstream (1, 4, and 5). Differences in concentrations
between stations at the paired sites (one station was up-
stream from ponds, the other was in the downstream end of
the complex) were tested using pairwise ¢-tests. Simple or
multiple linear regressions were used to test for changes
in concentration over distance, and relationships between
parameters (e.g. discharge and concentration). A level of
significance of P < 0.05 was used for all analyses.

RESULTS

Data from water samples collected at paired and
unpaired stations were analyzed separately from data
from unpaired stations. Data from different years
also were analyzed separately. Such grouping of data
was necessary because of different sampling methods
(composite or grab), and because of the markedly
different importance of erosional and depositional
processes in the two areas.

Also, for both years data were divided into groups
representing spring runoff and summer flow. This
division was made based on decreased flow. In 1984,
sampling at unpaired stations did not begin until well
into spring runoff. Samples from three trips
(May-June) were from the end of runoff, while
samples from eight trips (June-August) were taken
during summer flow. All nine trips to the paired
stations were made during the summer
(July—October). During 1985, sampling at all stations
began very early during spring runoff. Samples from
eight trips (April-May) were from spring runoff,
while four trips were made during the summer
{May-June). Average concentrations of the chemical
parameters during both runoff and summer flow of
the two years are illustrated in Fig. 1.
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Fig. 1. Concentrations of (A) suspended solids, (B) total phosphorus, (C) sodium hydroxide-extractable
phosphorus, (D) ortho-phosphorus, (E) total Kjeldahl nitrogen, and (F) nitrate—nitrogen in water samples
taken at the five unpaired stations on Currant Creek. Station 1 is above the three complexes of beaver
ponds, 2 and 3 are in the complexes, and 4 and 5 are below the complexes. Station 5§ was not sampled
during 1985. R84 and R85 denote the spring runoff periods of 1984 and 1985, respectively, and S84 and
S85 denote the summer period of those years. Vertical lines represent standard errors of the estimate.

Spring runoff

For spring runoff in general during 1984, concen-
trations of suspended solids (SS), total phosphorus
(TP), total Kjeldahl nitrogen (TKN), and nitrate
nitrogen (NO,-N) were reduced in water flowing
through the portion of stream containing beaver
ponds. Concentrations then increased downstream
from these areas (Fig. 1). Thus concentrations of
these parameters at unpaired stations within and
immediately downstream from the section with ponds
(2 and 3) were significantly less than at upstream
stations and several km downstream (1, 4, and 3).
There were no significant differences in concen-
trations of  NaOH-extractable  phosphorus
(NaOH-P), although concentrations appeared to in-
crease downstream from the ponds (stations 4 and 5).
There was no noticeable trend for concentrations of
ortho-phosphate (ortho-P). :

Generally, during spring runoff in 1985 concen-
trations of SS, TP, NaOH-P, ortho-P, and TKN were
reduced in those portions of the creek containing
beaver ponds. As in 1984, concentrations then in-
creased downstream (Fig. 1). First considering un-
paired stations, concentrations of SS, TP, and
NaOH-P were significantly less within and immedi-
ately downstream from sections with ponds (stations
2 and 3) than they were upstream and several km
downstream (stations 1 and 4). A regression of
NO,-N vs distance downstream indicated a
significant decrease downstream, with most of the
decrease occurring within the portion of stream con-
taining beaver ponds. At the paired stations concen-
trations of SS, NaOH-P, TP, and TKN were reduced

in water flowing through the ponds. This difference
was statistically significant for SS and NaOH-P.

Summer flow

At unpaired stations during summer in 1984, con-
centrations did not decrease in portions of the creek
containing beaver ponds as they did during spring
runoff. Instead, concentrations of ortho-P, SS, TP,
TKN, and NaOH-P increased generally in a down-
stream direction, and, except for TKN, all regressions
of parameter concentration vs distance downstream
were significant. The increase in concentration is
most evident downstream from the beaver pond
complexes (from stations 3 to 5) for all parameters
except ortho-P. NO,-N displayed the same tendency
in the summer as during runoff, but differences were
not significant. At the paired stations, SS were
significantly reduced in water flowing through the
pond complexes. TP exhibited this same trend, but
differences were not significant.

During early summer in 1985 at unpaired stations,
regressions of TP and TKN vs distance again indi-
cated significantly increased concentrations in a
downstream direction. Most of the increase occurred
downstream from the beaver pond complexes (from
stations 3 to 4). The opposite occurred with NO,-N;
concentrations significantly decreased in a down-
stream direction, with most of the decrease occurring
in the area of the beaver ponds. SS exhibited the same
tendency as during runoff, but differences were not
significant. No significant differences occurred for
ortho-P or NaOH-P, although concentrations of
NaOH-P tended to increase downstream. At paired
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Fig. 2. Daily loads of suspended sediment (thousands of
kgd~") calculated from values of concentration and dis-
charge at the five unpaired stations during 1984. The
S } abscissa represents the 11 sampling dates, the ordinate the
e L five stations, and the height of the surface depicts daily
loading with the two largest values labeled on the figure.

stations, concentrations of NO;—N, SS, and TP were
reduced in water flowing through the pond com-
plexes. This difference was statistically significant
only for NO,-N.

djusted squared correlation coefficients, as percentages, for samples taken during

Data from all analyses

The variation of parameters as a function of both
time and distance along the stream is difficult to
visualize from Fig. 1. However, the impression gained
from Fig. 2 (estimates of daily loading for SS)
reasonably portrays such relationships for parame-
ters significantly related to SS (e.g. TP, TKN).

During both years, concentrations of all chemical
parameters decreased as the season progressed, as did
discharge. Considering all data from both vears, there
was a significant, positive, log-log relationship be-
tween discharge and the concentration of TP, TKN,
ortho-P, NaOH-P and NO,-N (r* ranged from 0.25
to 0.51). The values of r* always were larger during
spring runoff than during summer.

Also during both years, significant positive
normal-normal relationships existed between SS and
concentrations of TP and TKN, and between ortho-P
and TP (Table 1). In addition, the multiple re-
gressions of NaOH-P on (SS plus ortho-P) were
significant (r? ranged from 0.19 to 0.98). In general,
more variation in the dependent variables of all these
regression analyses was explained (1) during runoff
when concentrations of SS were highest, and (2) when
the data were obtained using grab rather than com-
posite samples.

Concentrations of ammonia almost always were at
the limit of detection (approx. 0.05mg NH-N1-1)
during both 1984 and 1985. Thus no trend was
observed for ammonia.

and degrees of freedom. NS indicates the correlation coefficient was not significant (P > 0.05)

DISCUSSION

Table 1. Results of several regression analyses involving water quality parameters from Currant Creek. Data are values of a

runoff and summer in 1984 and 1985. Shown in parentheses are sampling method (c, composite; g, grab),

Spring runoff
Beaver ponds do affect water quality in Currant
Creek. This effect is most pronounced during the high

1985

79 (g, 30)
NS (g, 14)

76 (g, 46)

77 (g, 43)
NS (g, 43)

76 (g, 67)

71 (g, 103)

ortho-P vs SS
54 (c + g, 196)
65 (g, 157)

1984
NS(c+g,8)
NS (¢ +g,27)

10(c+g, 37
42 (c+ g, 52)
23(c+g,91)

1985

98 (g,29)

39 (g, 13)

98 (g, 45)

93 (g, 42)
NS (g, 21)

93 (g, 66)

92 (g, 102)

NaOH-P vs

SS + ortho-P
61 (c + g, 195)

71 (g, 156)

1984
80(c+g7)
NS (¢ + g, 26)
19(c + g, 36)
15(c +g, 51)
33(c+g,90)

1985
86 (g, 29)
50 (g, 14)
87 (g, 45)
98 (g, 43)
12 (g, 22)
98 (g, 67)
90 (g, 102)

TKN vs SS
86 (c + g, 204)
91 (g, 156)

1984
79 (c, 13)
75 (c, 46)
28 (g, 52)
82(c+g, 100)

and a dash (—) indicates no data were available
54(c, 31)

1985
94 (g, 30)
95(g, 14)
94 (g, 46)
99 (g, 43)
83 (g, 22)
99 (g, 67)
9 (g, 103)

91 (g, 157)

TP vs SS
89 (c + g, 205)

1984

72(c, 13)
52(c, 31)
75 (c, 46)
; (s,_52)
81 (c + g, 100)

Time
of
year
Combined (runoff

+summer

Data for whole year

Combined (runoff
All data, both years

+ summer)
Runoff
Summer

Runoff
Summer

area

Sampling

Stream

Pond-complex

All data, grab samples

Ny
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flows of spring runoff. During runoff in both years,
concentrations of SS, TP, TKN and NO,-N were
reduced in water flowing through the beaver ponds
(Fig. 1). Concentrations then tended to increase
downstream. In addition, during runoff in 1985 con-
centrations of NaOH-P and ortho-P also were re-
duced in water flowing through the beaver ponds.

Trapping of particulates by the beaver ponds is a
major mechanism causing the changes we observed,
and erosion appears to be the source of particulates.
The occurrence of such erosional input, especially
during runoff, is supported by several lines of evi-
dence. First, the power of water to erode is a function
of velocity, which is related to discharge. Second,
field observations showed turbid water present up-
stream or downstream from the ponds earlier in the
year. Also, the stream channel becomes downcut in
the area below the beaver pond complexes suggesting
increased erosion. Third, the relation between con-
centration and discharge for most parameters is
significant and positive. This suggests erosive input
rather than dilution by snowmelt. Finally, the results
of other studies indicate that bank and channel
erosion can contribute greatly to sediment loads (e.g.
Roseboom and Russell, 1985; Wilken and Hebel,

1982; Lowham et al., 1982).
NO;-N is soluble and does not adsorb readily to

sediment particles. Therefore the decrease of NO,-N
in ponds likely is caused by mechanisms different
from those processes involving sediments. The pri-
mary factor probably is denitrification within the
sediments of the ponds and associated wetlands (e.g.
Brinson er al., 1981). Riparian vegetation, aquatic
macrophytes, and benthic algae also may play a role
in removing nitrate from the water (Lowrance et al.,
1984; Duff et al., 1984).

The presence of fewer cattle in the study area
during 1985 may help explain why beaver ponds had
no effect on the high concentrations of NaOH-P
during runoff in 1984, but had a significant effect
during runoff in 1985 when concentrations were
lower (Fig. 1). The phosphorus measured as
NaOH-P can originate from both dissolved and
particulate sources (Dorich et al., 1984). If cattle or
their activity provided a large source of the dissolved
fraction during 1984, and if the relative contribution
from other sources was small, then variation in these
other sources would not have been detected. But since
cattle were practically absent in 1985, relatively small
changes in NaOH-P owing to deposition of the
particulate fraction within the beaver ponds would
not be masked by a large input owing to cattle. The
fact that concentrations of NaOH-P generally were
higher in 1984 than in 1985 supports this explanation.

Summer flow

During both summers, beaver ponds did not im-
prove water quality to the same extent as during
runoff. This most likely occurs because water entering
the ponds during the period of low summer flow

carries fewer and smaller particles, and therefore
upon slowing down deposits a smaller percentage of
its sediment load. Also, during high flows water is
spread out over a large area, but during the lower
summer flows it moves through channels and gradu-
ally erodes some of the previously deposited sedi-
ments. Despite this, results from the paired stations
indicate that beaver ponds trap some sediment and
associated phosphorus even during low summer
flows.

Data from all analyses

We analyzed data from different years separately in
part because there appeared to be differences attri-
butable to sampling methods (composite or grab).
This separation was particularly important for anal-
yses involving parameters which were sampled by
different methods (e.g. regression of ortho-P on SS,
Table 1). In general, correlations between the de-
pendent and independent variables of regressions
always were less for analyses based on composite plus
grab samples than for analyses based only on grab
samples (e.g. Table 1, bottom two rows).

Concentrations of SS were significantly and highly
correlated with a number of other parameters (e.g.
TP, TKN, NaOH-P, ortho-P). Thus, in Currant
Creek where erosion is such an important process, S8
would be the best surrogate to use in relations
explaining or predicting variation in these other
parameters. For example, values of correlation
coefficients from the regressions of ortho-P on SS or
of NaOH-P on (SS plus ortho-P) (Table 1) were
virtually identical to values of coefficients from re-
gressions using TP instead of SS.

We measured NaOH-P because it has been sug-
gested as an index of biologically available phos-
phorus (Dorich et al., 1984; Messer et al., 1984). The
phosphorus measured by NaOH-P can originate
from both soluble (e.g. ortho-P) and particulate (e.g.
SS) sources. Therefore, our regression analyses used
both SS and ortho-P as independent variables. The
regressions always explained more variance in
NaOH-P during runoff than during summer (Table
1). In addition, the standardized regression
coefficients for SS always equalled or greatly ex-
ceeded those for ortho-P. Thus if NaOH-P is a good
index of biologically available phosphorus, then,
particularly during periods of high flow, in Currant
Creek most such phosphorus appears to be associ-
ated with particulates. This conclusion again empha-
sizes the importance of erosive processes in Currant
Creek and other similar watersheds.

Because beaver ponds trap sediments and associ-
ated nutrients, they also reduce export of these
parameters downstream. By combining data on dis-
charge with the chemical data, we estimated daily
loads of SS, TP, TKN and NO,-N for the sampled
period in 1984. Because the sampling period in 1985
only included runoff and a few weeks of summer flow,
loads were not determined for 1985. During runoff in
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1984 the daily loads of SS for the sampled period
were reduced in the area of the beaver ponds and
increased again downstream (Fig. 2). The data for
TP, TKN and NO;-N all exhibit this pattern.

Management implications

Our data illustrate the importance of location of
beaver ponds along a stream in improving water
quality. If water quality is to be maintained down-
stream from ponds and if nutrient export to a lake or
reservoir is to be reduced, then the channel down-
stream from the pond complex must be stable or the
pond complex must be located close to the lake or
reservoir. If the channel below the pond complex is
not stable, then developing dams close to the re-
ceiving water would decrease loading. It then be-
comes important to predict whether the dams have a
high probability of persisting through time (Parker et
al., 1985).

Important processes in riparian zones which affect
movement of nutrients through watersheds have been
described for agricultural areas (e.g. Lowrance et al.,
1984). However in smaller downcut streams, typical
of the arid west, two alternate mechanisms influenced
by beaver dams markedly affect nutrient movement:
(1) nutrient trapping, as described in this paper; and
(2) erosive input of nutrients, which is minimized as
beaver dams decrease the velocity of flow (Parker et
al., 1985).

Thus when comparing downcut streams in the west
to some streams in the agricultural east, the processes
of most importance to movement of nutrients appear
quite different. These differences should affect the
choice and development of models, and the choice of
mitigation schemes to maintain and improve water
quality.
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