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Introduction 

The effects of forest harvesting on watershed processes and fish populations have been 

studied for nearly 37 years at Carnation Creek in southwestern Vancouver Island. 

Initiated in 1970, this intensive, single-watershed case study has generated the longest 

continuous datasets on fish-forestry interactions available anywhere (Tschaplinski et al. 

2004).  Currently, the broad objectives of the project are to determine the mechanisms 

and progress of continuing forestry-related alterations and recovery to biological and 

physical processes and conditions in a harvested coastal drainage by quantifying long-

term changes in these attributes as the second forest grows. 

The study uses an intensive, pre-treatment versus post-treatment design that currently 

consists of five years of pre-harvest baseline data (1970/71-1975), six years of 

observations from 1976 - 1981 when 41% of the basin was harvested, and 25 years of 

post-harvest studies (1982 – present).  Another 25% of the basin was harvested in 

headwater areas remote from the main stream channel in the 1990s.  The study features 

both clearcut and largely unharvested “control” sub-basins.  Riparian forestry treatments 



tested along the main channel vary from intensive clearcutting to variable-width riparian 

buffers.  Details of the study design and the methods employed for monitoring physical 

variables, fish populations, and biological processes before, during, and after forest 

harvesting were thoroughly described by Hartman & Scrivener (1990) and summarized 

by Tschaplinski (2000). 

Riparian Management Treatments 
An important part of the Carnation Creek study was to examine the effects of three 

different types of streamside forest-harvest treatments on stream channels and 

anadromous salmon populations.  These treatments were applied along the lowermost 3 

km of the stream which is the portion accessible to anadromous fish species (Hartman 

and Scrivener 1990).  A “leave-strip treatment” was applied from the estuary to 1,300 m 

upstream.  This treatment was designed to buffer the effects of clearcut logging from the 

stream channel by leaving a riparian strip of trees that varied from the width of a single 

mature conifer to 70 m wide.  An “intensive-treatment” was applied along 900 m of 

stream channel immediately upstream from the leave-strip treatment.  In the intensive 

treatment, clearcut harvesting occurred simultaneously along both sides of the stream up 

to the channel margin.  No riparian trees were left standing.  Any activity within the 

channel that was considered operationally convenient, such as felling and yarding trees 

across the stream, was permitted.  Economically valuable, wind-thrown trees lying within 

the stream channel were removed.  Logging-associated debris was burned after 

harvesting was completed.  The third treatment, called “careful clearcutting”, was applied 

over the 900 m length of stream immediately upstream from the intensively treated area.  

No activity within the stream was permitted in this treatment with the exception that six 

trees leaning over the stream channel were felled across it and removed.  Perennial 

vegetation on the streambanks such as salmonberry (Rubus spectabilis) was left alone; 

however, red alder trees (Alnus rubra) were removed from the streamside. 

Historic Effects on Fish and Aquatic Habitat 
Riparian clearcutting had several effects on fish species and habitats including changes in 

channel stability and structure, large woody debris (LWD) volumes and stability, fish 

cover, pool-riffle ratios, nutrients and organic litter, and thermal regimes (Hartman and 



Scrivener 1990, Tschaplinski 2000, Tschaplinski et al. 2004).  Shifts in seasonal thermal 

regimes had profound short- and medium-term effects on juvenile fish growth and 

survival in fresh water, and on the abundance, age structure, migration timing, and 

marine survival of coho salmon (Oncorhynchus kisutch) smolts. 

Stream temperatures increased in all seasons immediately after riparian clearcutting 

(1976 and onward).  Mean monthly temperatures in small, logged tributaries increased by 

as much as 4˚C in summer (Hartman & Scrivener 1990).  Mean temperatures in the main 

creek increased by as much as 3.2˚C in August, 0.7˚C in December, and 2˚C in April 

(Holtby 1988).  Increases during autumn and winter were relatively small, but had the 

most profound effects on salmonid populations.  

Warmer stream temperatures in fall and winter accelerated egg and alevin development 

rates which caused sequential changes in emergence timing, growth, survival, and 

seaward migration timing in both chum (O. keta) and coho salmon.  Chum fry emerged 

and migrated seaward earlier in spring, and were also smaller than they were in pre-

logging years.  Both reduced fry size and earlier seaward migration were strongly 

correlated with reduced ocean survival (Hartman et al. 1987, Holtby & Scrivener 1989).  

This relationship was one of several that demonstrated the connections between 

freshwater and marine life-history processes.  Increased mortality of chum fry early in 

their ocean life history was attributed to increased susceptibility to predation due to small 

size and early-season entry into near-shore waters during winter-like conditions of 

relatively low salinity and biological productivity (Holtby & Scrivener 1989). 

Post-harvest temperature increases had more complex effects on coho salmon life 

histories.  During and after logging, coho fry emerged from the streambed up to six 

weeks earlier in spring (Holtby 1988) permitting six more weeks for summer growth than 

had been available to fry in pre-logging years.  The lower numbers of fry rearing in 

Carnation Creek in most years after logging also resulted in increased growth rates due to 

density-dependent reductions in competition for food (Holtby 1988; Scrivener & 

Andersen 1984).  Coho fry consequently grew 11 mm longer on average by the end of 

their first summer after logging compared with sizes during pre-logging years (Hartman 

& Scrivener 1990).  Steelhead (O. mykiss) and anadromous cutthroat (O. clarki) trout fry 



showed similar responses to elevated water temperatures by an increase in mean length of 

18 mm after logging (Hartman & Scrivener 1990).  This larger body size for coho fry was 

positively associated with improved overwinter survival after logging (r = 0.91, p < 

0.001; Holtby 1988).  Larger coho are apparently better able to survive winter conditions 

that include frequent scouring freshets (Tschaplinski and Hartman 1983).  Increased 

overwinter survival was deemed responsible for increasing coho salmon smolt production 

by 1.6 fold in post-logging years compared to the pre-logging period.  In addition, 

increased seasonal growth allowed most young coho to achieve smolt size and migrate 

seaward in just one year compared to about 50 % of the population which required two 

years of freshwater residence prior to the smolt transformation (Tschaplinski 2000, 

Tschaplinski et al. 2004). 

Long-term Effects on Fish and Aquatic Habitat 
Fish population dynamics suggest that most of the thermal changes caused by riparian 

clearcutting in the late 1970s persist today.  For example, the abundance of coho smolts 

leaving Carnation Creek remains high, and most smolts leave fresh water as yearlings.  

However, the main-channel habitats at Carnation Creek continue to deteriorate due to the 

combined effects of landslides and riparian clearcutting.  Large portions of the stream 

lack stable LWD, and this deficit will persist for many decades.  The riparian forest 

canopy is re-establishing over the stream and may soon begin to reduce water 

temperatures toward pre-harvest levels.  This recovery has been delayed because the 

main-stream channel in areas affected by riparian clearcutting and landslides is 2-to-3-

fold wider than it was prior to logging (see Tschaplinski 2000).  However, when water 

temperatures decline, some of the increases in fish growth and survival associated with 

elevated stream temperatures after logging will disappear.  With poorer habitat quality 

and lower water temperatures, smolt production from Carnation Creek is already 

beginning to show declines to pre-harvest levels or lower since 2005. 

Current Riparian Canopy Effects on Fish and Aquatic Habitat 
Riparian canopy studies were first implemented in 2004 to determine how fish habitat 

conditions may be currently influenced by the amount of riparian canopy closure in both 

the main channel of Carnation Creek and its three principal fish-bearing tributaries.  This 



study component emphasizes the links between riparian canopy closure and local stream 

temperatures.  Temperature effects on rearing populations of juvenile coho salmon and 

cutthroat trout in both tributaries and the main channel will ultimately be investigated 

relative to habitat use (local abundance and distribution) and seasonal growth and 

survival of juvenile salmonids in Carnation Creek. This study is part of a broader 

investigation on the links between riparian canopy closure and water quality.  Our 

research partners at the Pacific Biological Station, Nanaimo BC (PBS, Department of 

Fisheries and Oceans Canada) have investigated the relationships among riparian canopy 

closure, levels of dissolved organic carbon (DOC), the role of DOC in shielding 

ultraviolet radiation (UVR) for juvenile salmonids, and possible links to different levels 

of habitat use in the same tributary and main-channel areas of Carnation Creek studied 

for water temperatures.  

Juvenile coho salmon are among the most sensitive fish species to UVR (Little and 

Fabacher 2003).  The amount of dissolved organic carbon (DOC) in streams following 

logging can moderate this exposure.  Studies at the Pacific Biological Station, Nanaimo, 

BC have documented the direct effects of UVR on juvenile coho such as fin erosion, 

altered body morphology and incipient cataracts (Dr. Max Bothwell, personal 

communication).  The presence of UVR-absorbing compounds in the skin (sunscreen 

substances) is one method by which exposure to UVR in fish may be assayed (Fabacher 

and Little 1995, 1998).  These compounds increase significantly following UVR 

exposure and are readily quantified.  Drs. Bothwell and Blair Holtby (PBS) have used a 

bioassay technique they have developed for identifying UV exposure of juvenile coho 

based upon the amount of this photo-protective sunscreen.  This bioassay method has 

been used to determine the amount of UVR exposure of juvenile coho in Carnation Creek 

and other west coast streams.  This technique, applied to diverse stream types and logging 

scenarios, will allow an assessment of whether or not juvenile coho are subjected to 

elevated UVR following logging, what logging situations produce greater UVR 

exposures, and how long UVR impacts might last.  Observations are being made in the 

field to determine DOC levels in various habitats affected by different riparian harvesting 

regimes, and if UVR avoidance behaviour of juvenile coho is effective in preventing 

excessive exposure following removal of streamside canopy shade.  How various logging 



approaches and biogeographic characteristics of watersheds influence the export of DOC 

will be ultimately be determined by studying trends in DOC over varying time periods in 

watersheds located in different physiographic settings and subjected to different logging 

treatments. 

Field work on UVR shielding by DOC was implemented in Carnation Creek by our 

partners in 2005.  This report presents the results of the riparian canopy surveys 

completed in Carnation Creek in 2007-2008 and analyzes trends since riparian canopy 

density surveys were first implemented in 2004.  Activities in the past project year 

included continuing quality assurance work on the Carnation Creek water temperature 

database, and the third year of measurements of riparian canopy closure by spherical 

angular canopy density (ACD) measurement techniques in the same locations where 

measurements were initiated in 2004-2005.  Variation in the numbers of measurements 

taken in each survey year compared to the initial year (2004) is due to changes in channel 

morphology.  In some locations, additional transects have been established to increase the 

coverage spatially and obtain a more representative sample.  The following sections 

detail the assessments of canopy closure in Carnation Creek, and compare results among 

areas representing historic riparian management treatments that varied from clearcutting 

to riparian buffers in both main-channel and tributary habitats. 

Depending on the year and weather conditions, field measurements have been performed 

in August-early September in most years with virtual full seasonal canopy coverage in 

order to (1) confirm the practicality of obtaining measurements of canopy density using 

the Spherical Angular Canopy Density meter (Teti 2001), (2) determine within-site and 

between-site variation in post-harvest riparian canopy closure during mid-summer, and 

(3) determine from goal (2) whether additional in-stream water temperature monitoring 

should be established (e.g., in individual tributaries) to examine whether significant 

differences in canopy cover result in measurable differences in local water temperatures, 

especially in summer. 



Methods 

Measurements of riparian canopy cover were made in main-channel study sections 8 

(careful clearcut riparian treatment), 5 and 6 (intensive clearcut riparian treatment), and 2, 

3, and 4 (variable-width riparian buffer) as well as in three fish-bearing tributaries 

important for both summer rearing and overwinter shelter habitats.  Tributary sites 

included 2600 Tributary (careful clearcutting) near section 8, 1600 Tributary (intensive 

clearcutting) which enters Carnation Creek at the lower end of section 5 and 750 

Tributary located between sections 3 and 4 (variable-width riparian buffer).  Three types 

of canopy density measurements were taken according to methods detailed by Teti (2001) 

at each observation point in all study sites:  (1) 45° angular canopy density taken facing 

true south and including quadrants spanning 180° azimuth from east to west; (2) canopy 

density at 60 – 80° elevation taken facing both due south and due north (360° coverage); 

and (3) direct overhead canopy density (80 - 90° elevation) which could be taken facing 

any direction. 

Canopy density at 45° (angular canopy density or ACD) is the most relevant measure of 

riparian shading for interpretations of effects on stream temperatures (Wooldridge and 

Stern 1979).  Canopy densities at 60 – 80° and 80 – 90° are important for other riparian-

stream functions such as provision of organic materials and terrestrial invertebrates to 

aquatic ecosystems, and for overhead shelter (cover) for resident fish. Canopy density 

also corresponds closely with canopy cover which is used as a criterion for characterizing 

stand structure.  

In each study section, observations were made at 1 – 3 m intervals along several transects 

spanning the channel.  The three types of canopy density measurements were taken at 

each of these stations.  The distance between observation points on a given channel 

depended upon channel width.  For example, observations were taken at 1-m intervals 

where channel width was ≤ 10 m, and at 3-m intervals where the channel width 

approached 30 m.  The number of transects taken in each section varied according to 

section length.  Transects were generally spaced 20 m apart, with all distances measured 

along the channel thalweg with a metered chain.  The total number of observations 

depended both on the number of transects (and thus section length) and the width of the 



channel at each transect.  Carnation Creek tributaries are generally ≤ 4 m wide; therefore, 

where the channel was narrow (e.g., < 3 m wide), a single observation of canopy 

densities was made in the middle of the stream (Table 1). 

Mean canopy density measurements for the three types of canopy measurements, and all 

measurements combined were compared statistically (single factor ANOVA, Tukey’s 

method for pair-wise comparisons, and Student’s t-tests) between individual sites, 

between main-channel and tributary sites within riparian management categories, and 

between sites representing the different riparian treatment categories within main-channel 

and tributary environments.  

Similar comparisons were made between the data collected in 2007 with data collected in 

previous years.  One objective of these comparisons was to assess the inter-annual 

precision of studies performed across four years given that canopy density measurements 

in the initial year were made late in the season and outside of the optimum time for foliar 

coverage of the stream channel. 

Table 1.  Riparian canopy density measurements taken in early September 2007 at 
Carnation Creek. 

                                                                                                                                              

Riparian 
Treatment 

Study 
Section 

Section 
Length 

(m)  

Number 
of 

Transects 

Transect 
Interval 

(m) 

Number of 
Observations 

 Transect 
Stations 

ACD 
Measurements 

Riparian buffer 2 71 3 20 20 80 
Riparian buffer 3 67 3 20 20 80 
Riparian buffer 4 60 3 20 18 72 

Intensive Clearcut 5 60 3 20 21 84 
Intensive Clearcut 6 69 3 20 20 80 
Careful Clearcut 8 130 6 20 35 140 
Riparian buffer 750 Trib. 30 3 20 3 12 

Intensive Clearcut 1600 Trib. 30 3 20 3 12 
Careful Clearcut 2600 Trib. 30 3 20 7 28 

 

Water temperatures at Carnation Creek have been taken continuously by Campbell 

CR10X data loggers at several sites including main-channel locations at B-Weir (between 

sections II and III), E-Weir (upstream of anadromous fish habitat) and near the mouths of 



at the lower reach of clearcut-treatment Tributary H and unharvested control Tributary C.  

Temperature data were checked by quality assurance techniques as detailed by Schnorbus 

(2005) for 2004-2005.  These data are now available for use in comparing long-term 

temperature trends at Carnation Creek relative to harvest history and to determine 

whether additional temperature monitoring is warranted in the three tributary study sites 

on the basis of canopy density differences with the main channel. 

Results and Discussion 

Angular Canopy Density 

Twenty-six years after harvesting was completed along the lower reaches of the 

Carnation Creek watershed, a trend toward higher levels of shade as measured by ACD at 

45° was observed along the main-channel where a riparian buffer strip was maintained 

compared to other areas (Fig. 1, Table 2).  With the large samples now available from 

three years of observations, differences between ACD measurements grouped by riparian 

management treatment for all years (2004 - 2007) were statistically significant (single 

factor ANOVA, F 0.05, 2, 21 = 5.79, p < 0.001).  The mean ACD for the grouped riparian 

buffer treatment sections (2, 3, and 4) was significantly different than the means for the 

two clearcut treatment groups (Tukey’s multiple comparison method, Q 0.05, 3, 69 = 5.15).  

However, by the same test, there were no statistically significant differences between the 

carefully clearcut treatment area (section 8) and the intensively clearcut areas (sections 5 

and 6).   

Mean ACD measured in the main channel ranged from 50 % in section 5 to 79 % in 

section 2 in 2007 (Fig. 2, Table 2).  In comparison, mean ACD values ranged from 

76.2 % in 2600 Tributary to 87.1 % in 1600 Tributary (Fig. 3). These differences are 

consistent with observations made in previous years where ACD in the tributaries were 

higher on average than those observed in the main channel.  Comparisons of mean ACD 

for data pooled for all years showed that these differences between the main channel and 

tributaries were statistically significant (Fig. 4; Student’s t, p < 0.0001).  Although each 

tributary is located within one of the three different harvest treatments, the higher ACD 

observed the tributaries reflect the narrower channel widths of these reaches (1-4 m) 

compared with the main channel where widths ranged up to 20 m or more. The tributaries 



have not been subjected to the post-harvest channel widening that has occurred in 

Carnation Creek mainly as a consequence of landslides in 1984 that have introduced 

large volumes of sediment and woody debris into the lower 3 km of the main channel 

(Hogan et al.1998a, 1998b; Tschaplinski et al. 2004).   

Analysis of the mean ACD among individual study sections and tributaries for all years 

combined revealed that significant differences occurred among sites within riparian 

treatments (Fig.5; single factor ANOVA, F 0.05, 9, 27 = 23, p < 0.001).  Notably, the amount 

of shade reaching sections 5 (intensively clearcut) and 8 (careful clearcut) do not differ 

statistically from one another but are different than means observed in all other main-

channel sections and tributaries (Tukey’s multiple comparison test for pair-wise 

differences, Q 0.05, 9, 27 = 4.04).  Sections 5 and 8 were characterized by the lowest ACD 

percentages, and therefore, currently have the greatest potential for mid-summer solar 

heating.  Mean differences between sections 3, 4 (riparian buffer) and 6 (intensively 

clearcut) were not statistically significant but differed significantly from all other sections 

and tributaries.  More shade occurred in sections 3,4, and 6 than in either sections 5 and 

8, but less than section 2 in the riparian buffer treatment.  The mean ACD in 750 

Tributary and 1600 Tributary did not differ statistically from one another but were higher 

in these narrow, densely-treed streams than that determined for any other site. A pair-

wise contrast between section 2 (riparian buffer) and 2600 Tributary 2600 (careful 

clearcut) showed no significant differences in shade.  

As observed in 2004, the variation among study sections was not primarily related to 

differences in riparian harvesting.  Rather, they reflected differences in channel width 

among the sections.  Channel width has increased in all main-channel sections of 

Carnation Creek, but the increases in sections 5 and 8 have been greater than in other 

study site such as section 6 due to the presence of logjams originating from landslides 

and debris flows (Hogan et al.1998a, 1998b; Tschaplinski et al. 2004).  Both sections 5 

and 8 have increased in width by 2.5 to 3 fold as a result of forestry-related logjams 

which caused channel widening through increased lateral erosion due to the channel 

blockage and the subsequent formation of sediment wedges upstream of the blockages.  

Similar logjams did not form in section 6 although large volumes of landslide-associated 



woody debris and sediments moved through this section.  Riparian vegetation is less 

effective in shading the channel in the wider study reaches (5 and 8) compared with other 

sites, although the degree of difference may vary between years.  The highest inter-

annual variation was observed in section 8 where the mean ACD ranged from 44 % 

(2004) to 67 % (2006). A partial explanation for this is that riparian shade in this part of 

the stream is particularly dominated by deciduous species, especially Red Alder, which 

may experience variations in leaf drop from year to year depending on differences in 

seasonal drought.  

The differences in shade among the different sections within the riparian buffer treatment 

management area also reflect the nature and history of the riparian buffer treatment.  The 

width of the buffer varied from about 70 m in the downstream part of section 3 but was as 

narrow as a single conifer in other locations such as the majority of the length of section 

4 (Tschaplinski 2000).  Riparian shading has thus been greatly reduced from the pre-

logging condition in much of the buffered length of stream.  Post-harvest windthrow has 

since reduced available shade yet further to the point that a relatively open canopy 

presently exists throughout the riparian buffer.   

Canopy Densities Above 60° and 80°  

In 2007, mean canopy densities measured at azimuths over 60° ranged from 42 % in 

sections 4 and 5 to 74 % in 750 Tributary 750 (Fig. 6, Tables 3 and 5).  As expected, the 

variation from year to year for this type of canopy density measurement was greater than 

that observed for ACD measurements.  This difference in variation is due in part because 

this measurement is more affected by the time of year when assessments are performed 

and by associated annual climate conditions (effects on deciduous foliage) than are ACD 

measurements.  For example, the results for mean canopy density in section 2 were as 

high as 81 % in 2006 and as low as 56 % in 2004 (Table 5).  

Similarly, overhead canopy density measurements were more variable annually than were 

ACD measurements (Fig. 7, Tables 4 and 6).  In 2007, mean canopy density measured at 

azimuths over 80 ° ranged from 38 % in section 3 to 87 % in 750m tributary (Table 4).  

Inter-annual variation was again high; the overhead canopy density in 750 Tributary 

ranged from 47 % in 2004 to 87 % in 2007 (Table 6). 



Canopy densities measured at azimuths over 80 ° correspond closely to the shade 

parameter canopy cover which is a useful criterion for classifying stand structure. 

Therefore, mean differences in canopy density over 80°  were also investigated among  

individual study sections of Carnation Creek and its principal tributaries for all years of 

record combined (Table 6).  Results indicate several statistically significant differences 

(single factor ANOVA, F 0.05, 9, 27 = 3.84, p = 0.00039).  Similar to results for mean ACD, 

the highest percent canopy densities were observed in 750 Tributary (riparian buffer 

treatment), section 2 (riparian buffer treatment), and 1600 Tributary (intensive clearcut) 

(Table 6).  Percent canopy densities among these sites did not show pair-wise differences 

but were significantly different from other main-channel sections and tributaries (Tukey’s 

test, Q 0.05, 9, 27 = 9.32).  The lowest percent canopy cover was observed in sections 5 

(intensive clearcut), 3 (riparian buffer), 8 (careful clearcut), and 4 (riparian buffer) 

respectively.  Pair-wise comparisons among sections 5, 3, 8, and 4 were not significant 

yet these sections are significantly different from all other sections and tributaries. Pair-

wise contrasts were not significant among section 4, 6, and 2600 Tributary.  Overall, the 

overhead canopy appears to be relatively open throughout the main channel except for 

section 2 (riparian buffer treatment) which is the most downstream study site.  

These results confirm pilot observations made in 2004 that a substantial amount of direct 

solar radiation still falls on the Carnation Creek main channel two and one-half decades 

after logging despite a general but variable trend for higher mean ACD and total shade in 

the riparian-buffered portion of the creek relative to the second-growth riparian stands 

which currently border the channel in the clearcut areas.  High variances are associated 

with all mean values for riparian shade indicating that the riparian vegetation at Carnation 

Creek more than 25 years after harvesting provides an open and variable canopy adjacent 

to the channel.  Windthrow and narrow buffers in parts of sections 2, 3, and 4 have 

reduced the amount of shade in the buffer strip relative to pre-harvest old-growth 

conditions.  Given the variety of canopy conditions occurring throughout the main 

channel regardless of riparian management history, it is unlikely that local differences in 

water temperatures occur among sites in the lower 3 km of Carnation Creek used by 

anadromous salmonids. 



The salmon populations of Carnation Creek appear to be maintaining their post-harvest 

thermal response to riparian logging (and consequently elevated water temperatures) by 

growth rates that remain significantly higher than in pre-logging years (Tschaplinski et 

al. 2004).  Therefore, the thermal responses to harvesting first observed in 1976 (Hartman 

and Scrivener 1990, Tschaplinski 2000) appear to be continuing.  To confirm this 

response, current aquatic thermal regimes will be compared to historic patterns in future 

components of this investigation. 

Tributary habitats at Carnation Creek are important for the survival of Carnation Creek 

coho, especially during winter (Brown and Hartman 1988, Tschaplinski and Hartman 

1983).  These habitats are now under essentially full canopy cover for much of their 

lengths (Fig. 6) and may provide juvenile coho and cutthroat trout with rearing habitat 

and shelter in all seasons (except when channels become dry during periods of summer 

drought).  Temperature loggers will be installed in 750, 1600, and 2600 tributaries to 

determine whether differences occur in the thermal regimes of these tributaries compared 

to the main channel.  Fish communities are unlikely to experience thermal stress in 

naturally cool coastal watersheds such as Carnation Creek.  However, the combination of 

cool temperatures and available habitat cover will be investigated relative to the numbers 

of coho salmon and cutthroat trout using these tributary sites during summer compared 

with adjacent main-channel habitats.  Conversely, temperature differences during winter, 

as well as shelter from scouring freshets, may attract coho and cutthroat during winter.  

Historically, at least 25 % of all coho smolts produced from Carnation Creek used 

tributary habitats for overwintering (see Hartman and Scrivener 1990). 

Conclusions and Management Implications 

Comprehensive conclusions await the collection of replicate data in future years; 

however, the results from four years of study demonstrate thus far that riparian reserves 

around streams need to be both sufficiently wide and windfirm to succeed in their 

intended function of providing shade for the stream channel and fish habitats.  Otherwise, 

the buffer may not provide much more shade than 25-year-old second-growth riparian 

stands as presently indicated.  In cold coastal streams such as Carnation Creek, riparian 

harvesting can promote coho growth.  This has been shown to improve both overwinter 



survival and smolt production (by 1.6 fold) for Carnation Creek coho salmon 

(Tschaplinski 2000, Tschaplinski et al. 2004).  Thermal regimes were thus shifted 

towards physiological optima for growth.  However, increased temperatures after logging 

may also have had deleterious effects such as shifting seaward migration timing to 

periods earlier in spring when ocean conditions can be unfavorable for survival (Holtby 

1988, Holtby and Scrivener 1989).  Elevated coho growth, smolt age structure (all one-

year-olds vs. the 50:50 ratio of yearlings and two-year-olds before logging), and earlier 

migration timing first observed in Carnation Creek shortly after riparian harvesting was 

initiated in 1976 persist today.  This indicates that post-harvest thermal regimes also 

currently persist and will be confirmed by future observations. 

The importance of low gradient, valley bottom tributaries for salmonid overwinter 

survival and coho smolt has been clearly demonstrated by the Carnation Creek study 

(Tschaplinski et al. 2004).  The structural integrity of these systems must be maintained 

during harvest operations.  This study has shown that, because of their narrow channel 

widths, riparian canopies can be re-established within 25 years after harvesting.  The 

effects of this vegetation on thermal regimes and the relative abundance coho and 

cutthroat trout using these sites vs. main-channel habitats will be investigated in the 

future. 
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Figure 1.  Comparison of mean ACD in the main-channel of Carnation Creek grouped by 
harvest treatment for all years combined, 2004 - 2007.  Means are provided 
with ± 95 % confidence limits. 
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Figure 2.  Comparison of mean 45° ACD (with ± 95 % confidence limits) among the 
main-channel study sections of Carnation Creek in 2007. 
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Figure 3.  Comparison of mean 45° ACD (with ± 95 % confidence limits) among the 
three principal fish-bearing tributaries of Carnation Creek in 2007. 
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Figure 4.  Comparison of mean 45° ACD in the Carnation Creek main channel with its 
three principal fish-bearing tributaries for all years combined, 2004 - 2007.  
Means are provided with ± 95 % confidence limits. 
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Figure 5.  Comparison of mean 45° ACD in the Carnation Creek by main-channel study 

sections and tributaries for all years combined, 2004 - 2007.  Means are 
provided with ± 95 % confidence limits. 
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Figure 6.  Comparison of canopy density measured at over 60° azimuth in Carnation 

Creek by main-channel study sections and tributaries in 2007.  Means are 
provided with ± 95 % confidence limits. 
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Figure 7.  Comparison of canopy density measured at over 80° azimuth in Carnation 

Creek by main-channel study sections and tributaries in 2007.  Means are 
provided with ± 95 % confidence limits. 



Tables (Results) 

Table 2.  Mean angular canopy densities (ACD) with ± 95 % confidence limits in the 
main-channel study sections and tributaries of Carnation Creek for 2004 – 2007 
combined. 

Section Width (m) Year 
Section Mean Range 2004 2005 2006 2007 

Mean ACD 
± 95 % CI 

2 12 10-14 78 83 83 79 81 ± 3 
3 16 12-20 65 67 69 67 67 ± 2 
4 10 6-15 66 66 72 57 65 ± 6 
5 15 15-15 56 60 60 50 57 ± 5 
6 14 9-20 64 69 73 63 67 ± 5 
8 11 6-20 44 55 67 61  57 ± 10 

750 4 * 85 94 95 84 90 ± 6 
1600 4 * 89 93 96 87 91 ± 4 
2600 4 * 83 71 76 76 77 ± 5 

* Only one transect completed for each tributary 
 
 
 
Table 3.  Mean canopy densities (> 60°) in the main-channel study sections and 

tributaries of Carnation Creek and by riparian harvest treatment in 2007.  
Means are provided with ± 95 % confidence limits. 

    Canopy Density above 60 Degrees 

Section 
(n) 

Transects 
 (n) CD 

Measurements 

Mean 
Percent 
Cover 

Standard 
Deviation 

Lower 
C.L. 

Upper 
C.L. 

2 3 160 61.1 29.9 56.5 65.8 
3 3 160 50.4 35.6 44.9 55.9 
4 3 144 41.8 31.6 36.7 47.0 
5 3 168 42.8 33.6 37.8 47.9 
6 3 160 51.3 27.6 47.1 55.6 
8 6 280 47.5 33.8 43.5 51.4 

Riparian Buffer (2, 3, 4) 9 464 51.5 33.4 48.4 54.5 
Intensive Clearcut (5, 6) 9 344 47.0 31.1 43.7 50.3 
Careful Clearcut (8) 6 280 47.5 33.8 43.5 51.4 
750 Trib. (Riparian Buffer) 3 24 72.4 25.5 62.2 82.6 
1600 Trib. (Intense Clearcut) 3 24 71.6 17.9 64.4 78.7 
2600 Trib. (Careful Clearcut) 3 56 72.8 24.3 66.4 79.1 

 



Table 4.  Mean canopy densities (> 80°) in the main-channel study sections and 
tributaries of Carnation Creek and by riparian harvest treatment in 2007.  
Means are provided with ± 95 % confidence limits. 

    Canopy Density Above 80 Degrees 

Section 
(n) 

Transects 
 (n) ACD 

Measurements 
Mean % 

Cover 
Standard 
Deviation 

Lower 
95% C.L. 

Upper  
95% C.L. 

2 3 20 59.4 35.5 43.8 74.9 
3 3 20 38.0 30.7 24.5 51.5 
4 3 18 46.0 30.2 32.1 59.9 
5 3 21 37.4 34.9 22.4 52.3 
6 3 20 51.3 27.6 39.2 63.4 
8 6 35 45.8 33.2 34.8 56.8 

Riparian Buffer (2, 3, 4) 9 58 47.8 33.0 39.4 56.3 
Intensive Clearcut (5, 6) 9 41 49.7 28.8 40.9 58.5 
Careful Clearcut (8) 6 34 45.8 33.2 34.6 57.0 
750 Trib. (Riparian Buffer) 3 3 86.7 14.4 70.3 103.0 
1600 Trib. (Intensive Clearcut) 3 3 55.0 22.9 29.1 80.9 
2600 Trib. (Careful Clearcut) 3 5 62.9 22.1 43.4 82.3 

 
 
 
Table 5.  Annual trends in canopy density > 60° in the main-channel study sections and 

tributaries of Carnation Creek, and by riparian harvest treatment, 2004 – 2007. 

    Canopy Density Above 60 Degrees 
2004 2005 2006 2007 

Section 

Mean 
Transect 

Length (m) CD (%) CD (%) CD (%) CD (%) 
Mean CD 
± 95 %CI 

2 12 56 78 81 61 69 ± 12 
3 16 47 46 54 49 49 ± 4 
4 10 50 44 60 42 49 ± 8 
5 15 38 46 52 42 44 ± 6 
6 14 54 59 70 51 59 ± 8 
8 11 34 42 58 47 45 ± 10 

Riparian Buffer (2, 3, 4) 12 51 57 65 51 56 ± 7 
Intensive Clearcut (5, 6) 14 46 53 61 48 52 ± 7 
Careful Clearcut (8) 11 34 40 58 47 45 ± 10 
750 Trib (Riparian Buffer) 4 74 82 90 74 80 ± 8 
1600 Trib (Intensive Clearcut) 4 80 81 80 70 77 ± 5 
2600 Trib (Careful Clearcut) 4 79 71 78 72 75 ± 4 
n = number of canopy density measurements 
CD = canopy density (%) 
SD = standard deviation 

 



 
 
Table 6.  Annual trends in overhead canopy density (> 80°) in the main-channel study 

sections and tributaries of Carnation Creek, and by riparian harvest treatment, 
2004 – 2007. 

    Canopy Density Above 80 Degrees 
2004 2005 2006 2007 

Section 

Mean 
Transect 

Length (m) 
CD 
(%) 

CD 
(%) 

CD 
(%) 

CD 
(%) 

Mean CD
+ 95 % CI 

2 12 50 76 80 59 66 ± 14 
3 16 35 34 47 38 39 ± 5 
4 10 56 44 59 46 51 ± 7 
5 15 29 39 42 37 37 ± 6 
6 14 50 52 66 51 55 ± 7 
8 11 35 40 55 46 44 ± 9 

Riparian Buffer (2, 3, 4) 12 82 52 62 48 61 ± 15 
Intensive Clearcut (5, 6) 14 73 46 54 50 56 ± 12 
Careful Clearcut (8) 11 65 40 55 46 51 ± 11 
750 Trib. (Riparian Buffer) 4 47 72 70 87 69 ± 16 
1600 Trib. (Intense Clearcut) 4 40 75 73 55 61 ± 16 
2600 Trib. (Careful Clearcut) 4 35 69 68 63 59 ± 16 
n = number of canopy density measurements   
CD = canopy density (%)   
SD = standard deviation   
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