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Project Purpose and Management Implications: 

One inescapable consequence of the removal of riparian cover during logging of 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 remains 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 be 
directly harmful to 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 incipient cataract formation and retarded smoltification. This charismatic fish species is 
ubiquitous in coastal and interior streams of British Columbia.  Coho salmon are 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, Holtby and Bothwell 
submitted).  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 logging 
operations expose stream-rearing coho to excessive levels of UVR.  

The goal of this project was to develop and implement a bioassay procedure that would enable us 
to quantify the amount of UVR that juvenile coho are exposed to in natural stream environments.  
Appling this approach to streams in watersheds that had been logged using different techniques 
would allow an assessment of those logging practices which most influence UVR exposure of 
juvenile coho.  These findings would help define parameters for logging that would minimize 
exposure of streams to UVR. 

 
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  (completed) 



 Methodology Overview and Findings: 

Year One - bioassay development and calibration 
In order to develop a UV exposure bioassay procedure for coho we needed to identify and refine 
analytical procedures that would allow expeditious sampling and quantification of sunscreen 
substances in the skin mucus.  We found that UV-absorbing substances in the skin mucus were 
also present in the fins of juvenile coho in amounts that were easily measured and responded to 
UV exposure.  This discovery greatly expedited sampling because fins are easily clipped. We 
then established an extraction procedure and proper handling conditions for the extracts.  With 
the use of automated spectrophotometric measurements and digital image analysis of excised fins 
we formalized a routine standard method that can be applied by most labs. 
 
The second major goal in Year One was to establish the quantitative relationship between UV 
exposure of juvenile coho and the amount of UV absorbing substance in the skin (fin) mucus. The 
calibration of the bioassay was accomplished during a trial at the DFO's Rosewall Creek facility 
using juvenile coho from the Big Qualicum Hatchery. UV-naïve fish were exposed to UV in 
outdoor flumes covered with different layers of neutral density screens for a 2-month period.  The 
bioassay was run on fish from each of the treatments twice every week.  This experiment showed 
the quantitative relationship between the dose of UV exposure and the amount of sunscreen 
substance present in the skin mucus.  We also demonstrated that the pigment concentration 
remains stable for 1-2 weeks after return to darkness.  Even after 3 weeks in darkness, the amount 
of sunscreen clearly distinguished coho that had been exposed to higher levels of UVR over the 
summer. 
 
Year Two - influence of hatchery strain and diet on the sunscreen bioassay 
 
In the second year our major goal was to determine how robust the bioassay was.  We needed to 
answer questions regarding the synthesis of the sunscreen pigment that were important for 
application of the bioassay as a routine method in different areas of the Province. 
 
1) Do different strains of coho produce different amounts of pigment?  We tested five different 
strains of coho from Vancouver Island and the mainland.  We found significant differences 
between some (but not all) strains. However, the differences between strains were small 
compared to the changes resulting from UV exposure.  We noted that wild coho had lower levels 
of sunscreen production than stocks with a long history of hatchery rearing.    
 
2) Does diet influence pigment production?  We compared a freshwater invertebrate diet to a 
standard salmon hatchery diet derived from marine by-catch.  We found that while diet did play 
role in sunscreen substance formation, the differences were small compared to the effect of 
sunlight.  In short, neither coho strain nor differences in diet were found to influence the 
sunscreen levels in a way which would preclude its application to documenting differences in 
sunlight exposure of coho in the same stream or in adjacent watersheds. 
 
Years Two and Three - ground-truth the bioassay procedure in Vancouver Island streams 
 
In Years Two and Three we collected juvenile coho from rivers/streams in all of the ecoregions of 
Vancouver Island and interrogated them with the bioassay to determine their history of UV 
exposure.  In most streams we sampled fish from multiple sites.  At each site we quantified the 
canopy closure and took water samples for UV absorbance measurements. 
 



We found significant differences in inferred UV exposure among coho residing in different 
reaches and pools of the same river.  Sometimes there were highly significant differences in UV 
exposures of 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 digital analysis of 
canopy images using software to quantify potential solar exposure at each site was used, a 
relationship to sunscreen substance concentration was apparent.  When stream sites were 
additionally corrected for UV absorbance in the water the relationship between the bioassay 
inferred UV exposure and the quantified potential UV exposure of fish at the site became 
significant.   In short, we confirmed that the bioassay method worked under field conditions. 
 
Year Three - Changing UV exposure after logging operations 
 
Experimental logging blocks on Vancouver Island that were first sampled in 2003 (pre-logging) 
were revisited in 2006. These sites allowed a comparison of different degrees of logging retention 
on solar exposure of stream channels and how different logging regimes affected UV absorbing 
DOC in the water.  We found that while canopy removal greatly increased UV exposure, changes 
in DOC content of water following logging could partially or totally offset those increases in the 
UV portion of the spectrum.  In cases where extensive slash and woody debris remained in the 
stream channel, elevated DOC with concomitant increased UV absorbance by the water resulted 
in lower potential UV exposure of fish than at some non-logged sites. 
 
Year Three - Identification of the molecular structure of sunscreen substance in coho 
 
We used solvent extraction, ion exchange chromatography, size exclusion chromatography and 
high performance liquid chromatography to separate several components from methanol extracts 
of coho skin.  Further use of ion-exchange chromatography resolved two UV absorbing peaks 
associated with compounds belonging to a class of molecules known as mycosporine-like amino 
acids (MAAs). We successfully isolated these two components and tentatively assigned them to 
gadusol and palythine based on their UV absorbing and other spectroscopic properties.  Further 
mass spectroscopy work is needed for final confirmation of these molecular structures. 
 
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. Before final publication, it is important 
that the test stand up to close academic scrutiny. 
 
Most of our data are for coho strains from Vancouver Island.  However, one of the strains we 
tested was from the central interior of British Columbia (Spius Creek) and sunscreen production 
was not significantly different from 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 as well, including 
non-salmonids. 
 
 
 



Important Conclusions: 
 
Our field surveys indicate that the bioassay for UV exposure of juvenile coho is sensitive, reliable 
and easily capable of detecting differences in the amounts of UV exposure of coho in different 
reaches of the same river.  The sunscreen pigment levels in coho show a highly significant 
correlation with the sunlight dose at sites computed from models of canopy opening and 
orientation and UV penetration into water.  
 
Canopy removal has been shown to result in dramatic increases in UV exposure of coho, but the 
affects of changes in DOC following logging have also been shown to be important, perhaps even 
more so.  Our finding that logged sites with significant slash debris left in the stream channel and 
the concomitant elevated DOC levels had lower potential UV exposure than even unlogged 
streams.  This shows the importance of UV attenuation by DOC in determining the potential for 
deleterious UV exposure to coho following logging.  Logging debris in streams is known to 
provide important structural habitat for juvenile salmonids.  This work shows another potential 
benefit of woody debris left in stream channels. 
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