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Project Purpose and Management Implications: 

One inescapable consequence of the removal of riparian cover during logging of timberland 
watersheds is the increased exposure of small and mid-sized streams to solar radiation.  In British 
Columbia, the removal of riparian cover during clear-cut logging can increase solar radiation 
exposure of streams by 8-fold (Clare 2000).  While some of the ecological impacts associated 
with elevated sunlight, such as higher water temperatures and stimulated algal production are well 
known, the effects of enhanced exposure to the ultraviolet portion of the solar spectrum remain 
unclear.  Numerous studies have shown the potential for solar ultraviolet radiation (UVR) to 
cause deleterious effects on multiple trophic levels in shallow water ecosystems. UVR can also 
directly harm fish.  Studies at the Pacific Biological Station in Nanaimo, BC have shown that 
exposure to high levels of solar UVR can have direct effects on juvenile coho salmon including 
fin erosion, incipient cataract formation and altered body morphology. This charismatic fish 
species is ubiquitous in coastal and interior streams of British Columbia.  Of all Pacific salmon, 
coho are probably the most susceptible to UVR because they spend a full year in shallow 
freshwater streams under potentially high UVR levels.  However, coho are also known to avoid 
high levels of light and have been shown specifically to avoid high UVR exposure (Kelly and 
Bothwell 2002).  It is unknown how effective this behaviour might be in protecting juveniles 
from excessive radiation in natural streams.  Currently, there is no way to determine if stream-
rearing coho are exposed to deleterious levels of UVR during or after logging operations. 

The goal of this project is to develop and implement a bioassay procedure that will enable logging 
practitioners and environmental workers to quantify the amount of UVR that juvenile coho are 
exposed to in natural stream environments.  The implications for management of logging 
operations are clear.  If this project is successful in developing a scientifically valid bioassay for 
determining UVR exposure of juvenile coho, we will be able to determine with confidence 
whether or not juvenile coho are exposed to excessive UVR following logging. 

  
Project Dates: A Three-Year Project. 

Year One  Y051151;  01 April 2004 - 31 March 2005  (completed) 

Year Two  Y062151;  01 April 2005 - 31 March 2006  (completed) 

Year Three  Y073151;  01 April 2006 - 31 March 2007  (anticipated) 



Methodology Overview: 

Year One 

In order to implement the development of a UV bioassay for coho we first needed to refine 
existing analytical procedures for extracting and analyzing skin mucus pigments to allow large 
sample numbers to be processed efficiently.  We determined that UV-absorbing pigment in the 
skin mucus was also located in the fins of juvenile coho in amounts that were easily measured 
and that the fin pigment also responded to UV exposure.  This finding greatly expedited sampling 
procedures because fins are easily clipped. We then established the proper extraction and 
handling conditions for the pigment and through the use of automated spectrophotometric 
measurements and digital image analysis of excised fins we were able to streamline laboratory 
procedures sufficiently that the method has become a routine that can be handled in most labs. 
 
The second major goal in the first year was to establish the quantitative relationship between UV 
exposure of juvenile coho and the amount of UV absorbing substance in the skin (fin) mucus, in 
essence, calibrate the bioassay.  This was accomplished during trials at the Rosewall Creek 
Hatchery using Big Qualicum coho juveniles exposed to UV in outdoor flumes covered with 
different layers of neutral density screens over a 2 month duration.  This yielded data that proved 
the quantitative relationship between UV exposure and the pigment.  We also demonstrated that 
once the pigment was formed, it was stable for several weeks.   
 
Year Two 
 
In the second year we had two major goals.  First, we needed to answer two fundamental 
questions regarding the synthesis of the sunscreen pigment that were important for it's adoption as 
a routine method around the Province:  1) Did different genetic strains of coho produce different 
amounts of pigment?, and 2) Did diet influence pigment production?   We tested 5 genetic strains 
of coho from Vancouver Island and the mainland.  We found significant differences between 
some strains, but the differences were small compared to the changes resulting from UV 
exposure.  Likewise, we found diet to play role in sunscreen substance formation but, again, the 
differences were small compared to the effect of sunlight.   
 
The second major goal of Year Two was to begin collecting data from natural populations of 
coho in a number of Vancouver Island streams.  We collected juvenile coho from numerous 
stream reaches in 5 different rivers/streams on the Island.  At each site we quantified the canopy 
closure and took water samples for DOC. We found significant differences in inferred UV 
exposure among coho residing in different reaches and pools of the same river.  Some of these 
differences were between coho in pools that were in very close physical proximity.  There was no 
relationship between inferred UV exposure and canopy closure per se.  However, when canopy 
closure values were weighted for solar elevation and azimuth a correlation was found.  When we 
applied an additional correction factor for DOC to the site weighted canopy openings, a highly 
significant relationship was found with the bioassay data for coho exposure to UV.   In short, the 
method works. 
 
Project Scope and Regional Applicability: 
 
This project is defining the relationship between potential UV exposure of streambeds as 
determined by riparian canopy cover and the DOC content of river/stream water and the actual 
amount of UV that juvenile coho are exposed to.  Because of the significant implications of these 
findings, it is vital that the scientific basis of the bioassay be validated and tested against rigorous 



standards.  In this vein, we are nearing final identification by mass spectrometry of the molecular 
structure of the molecule that is the basis of the bioassay.  In addition, we are exploring other 
variables that might influence the production of this compound.  Before final publication, it is 
important that the test stand up to close academic scrutiny. 
 
At the end of this project, most of our data, by necessity, will be for juvenile coho from 
Vancouver Island streams.  One of the genetic strains we have tested was from the central interior 
of British Columbia (Spius Creek) and sunscreen production was not significantly different than 
in wild coho from the Little Qualicum River.  For this reason, we think the approach we are 
taking will have wide applicability and not be restricted regionally.  In fact, we see no reason why 
the approach wouldn't work for other fish species, including non-salmonids. 
 
Important Interim Conclusion: 
 
Our field surveys this summer indicate that the bioassay for UV exposure of juvenile coho is 
extremely sensitive and is easily able to detect differences between the amount of UV exposure in 
different reaches of the same river.  The sunscreen pigment levels in coho show a highly 
significant correlation with the compass orientation of the site canopy opening (azimuth and 
elevation) and the DOC of the water. 
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