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Attenuation of ultraviolet radiation in streams of northern Michigan
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Abstract. We measured the attenuation of ultraviolet B (UVB) and ultraviolet A (UVA) radiation
in 32 streams located within the Ontonagon River watershed on the Upper Peninsula of Michigan,
USA. Attenuation coefficients (Kd) of UVB and UVA ranged widely among these streams, but gen-
erally translated into relatively shallow 1% transmission depths into the water column (2–45 cm for
UVB and 6–103 cm for UVA). Both Kd UVB and Kd UVA were positively correlated with stream dissolved
organic C concentration (DOC, range 2–35 mg C/L). Absorbance coefficients of dissolved matter (ad)
of UVB and UVA also were strongly correlated with DOC. Kd UVA (but not Kd UVB) was weakly related
to the concentration of particulate organic C and DOC molar absorptivity. DOC-specific Kd UVB was,
on average, higher in streams of our study compared to previously published values from lakes and
wetlands. We developed a statistical model that predicts UVB flux to benthic organisms. The model
incorporates information on water depth, DOC concentration, surface reflectance, and forest canopy
cover. This stream-UVB model (SUM) predicts very low UVB flux to the benthic areas of most wetland
and forested streams of this region during cloudless, midsummer days. Overall, our results suggest
a low likelihood that stream organisms in this region are normally exposed to high levels of ultra-
violet radiation because shading is provided by both stream DOC and forest canopy.
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The depth of ultraviolet radiation (UVR) pen-
etration is negatively correlated with the con-
centration of dissolved organic C (DOC) in
many freshwater ecosystems (reviewed by Xen-
opoulos and Schindler 2001). This correlation
between UVR attenuation and DOC concentra-
tion has been documented in lakes of the boreal
forest (Huovinen et al. 2003), the north-temper-
ate forest (Scully and Lean 1994, Williamson et
al. 1996), the montane forest (Palen et al. 2002),
the alpine (Laurion et al. 2000), and in wetlands
(Peterson et al. 2002). The absorptivity of DOC
(i.e., amount of UV absorbance per unit of C)
also can affect UVR penetration among aquatic
systems (Williamson et al. 1996, Crump et al.
1999). DOC concentration and chemistry largely
control the spectral depth distribution of solar
radiation in many lakes, but much less is known
about the factors that control UVR exposure of
benthic organisms in streams and rivers.

1 E-mail addresses: pfrost@nd.edu
2 jlarson1@nd.edu
3 lkinsman@nd.edu
4 glambert@nd.edu
5 bridgham@uoregon.edu

In relatively flat terrain, the flux of solar ra-
diation into a particular water body is con-
trolled by atmospheric conditions, riparian veg-
etation, surface reflectivity, and water quality
(Diamond et al. 2005). Riparian vegetation is an
important filter of UVR to small streams. A full
forested canopy can block !90% and a partial
canopy can block !66% of mid-day solar radi-
ation (Grant et al. 2002, Kelly et al. 2003). In
contrast, attenuation of UVR by riparian vege-
tation is less prevalent in lakes and large rivers
because of the greater extent of unshaded sur-
face area in these systems. Given its importance
in lakes (Xenopoulos and Schindler 2001), DOC
is likely to play a key role in attenuating UVR
in streams and rivers. Suspended particles also
affect the penetration of UVR into some water
bodies through absorption and scattering of
light energy (Belzile et al. 2002). The depth of
the water column is another physical factor that
controls the amount of UVR reaching the ben-
thos in streams. Greater depth increases the dis-
tance that photons must travel through DOC in
the water column and reduces the amount of
UVR reaching the stream bed.

We quantified the attenuation of UVR and as-


