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Wildfire is a largely terrestrial perturbation broadly recognized as an agent of 

disturbance and ecological change in forested biomes.  Effects of post-fire conditions 

on biotic components of aquatic systems have been less well-documented, although 

hypothetically, the two are strongly connected.  In fact, the influence of wildfire may 

be most profound in headwater streams because of the tight linkage between aquatic 

and terrestrial ecosystems.  We sought to understand the influence of post-fire 

conditions on fish in headwater streams by observing growth and demographics of 

coastal cutthroat trout (Oncorhynchus clarkii clarkii) following wildfire.  During the 

summer of 2002, wildfire burned portions of three headwater watersheds in the North 

Umpqua basin of western Oregon.  Burn severities ranged from moderate to severe.  A 

reference stream was selected from a nearby fourth watershed.  All fish-bearing 

portions of the stream network in the four watersheds were surveyed for 3 years 



following the wildfire, and 1,295 scale samples were collected from coastal cutthroat 

trout for age and growth analysis.  Stream temperatures in the burned watersheds 

changed significantly following the wildfire (p < 0.016), with increases of up to 23% 

in the most severely burned watershed.  During summer electrofishing surveys in the 

burned watersheds, both young-of-the-year and fish ≥ age 1 were captured; in the 

unburned watershed, the vast majority of fish captured were ≥ age 1.  Age-frequency 

analyses revealed that fish in older age classes (age ≥ 3) were more prevalent in the 

unburned watershed than in the burned watersheds.  Relative growth rates and length 

at last annulus formation of coastal cutthroat trout were positively related to the 

number of degree days during the growing season, and Pearson correlation 

coefficients ranged from 0.60 (p < 0.07) to 0.90 (p < 0.01).  Growth rates and size of 

fish were not significantly correlated with relative density of fish (p ≥ 0.14).  Contrary 

to the commonly held assumption that wildfire is detrimental to biota in aquatic 

systems, these results suggest that in the short term (≤ 3 years), fish in the study 

streams adjusted to environmental change caused by wildfire. 
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CHAPTER 1: INTRODUCTION 

 

 Aquatic ecosystems are dynamic environments that can vary in both space and 

time (Krumholz and Neff 1970; Warren et al. 1979; Reeves et al. 1995; Ebersole et al. 

1997).  Perturbations that suddenly change environmental conditions and increase 

short-term variability in aquatic systems (Minshall et al. 1989) can have profound 

influence on life history patterns of organisms associated with those systems (Warren 

and Liss 1980).  As the aquatic environment becomes increasingly unpredictable, life-

history strategies may shift towards increased growth rates, greater energy allocation 

towards gamete production, earlier maturation, and shorter life span (Pianka 1970).  

Although some of these responses may not directly benefit the individual organism, 

the interaction among these responses can give a population a greater chance of 

persisting during periods of uncertainty (Poff and Ward 1988).  By observing 

biological responses to environmental modifications, it is possible to gain insights 

about the dominant processes shaping an ecosystem. 

 The context in which a perturbation occurs can have a strong effect on whether 

responses are detected in aquatic ecosystems.  For example, after wildfires burned 

almost 39% of the Yellowstone Lake basin in 1988, Gresswell (2004) concluded that 

there was no change in relative growth rates of cutthroat trout in Yellowstone Lake.  

Apparently, the lake buffered the response to the altered terrestrial ecosystem.  In 

contrast, streams are more tightly linked to adjacent terrestrial ecosystems than are 

lakes.  As one moves upstream, the riparian zone has a greater influence on shade, 
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allochthonous inputs, and material retention (Gregory et al. 1991; May and Gresswell 

2003a).  In fact, according to the River Continuum Concept (Vannote et al. 1980), 

low-order, headwater streams should have the strongest connections to adjacent 

terrestrial ecosystems in the stream network.  Disturbances such as floods, drought, 

debris flows, and wildfire play an important role in shaping these headwater systems 

(Reeves et al. 1995; May and Gresswell 2003b). 

 One disturbance with potential for extensive influence on headwater streams of 

the Pacific Northwest is wildfire (Bisson et al. 2003; May and Gresswell 2003b; 

Whitlock et al. 2003).  Although wildfire is often perceived as a terrestrial process, it 

can also have profound effects on aquatic ecosystems (Minshall et al. 1997; Gresswell 

1999).  Abiotic stream responses to wildfire often include, but are not limited to, 

increased solar radiation (Amaranthus et al. 1989; Agee 1993; Dunham et al. in press), 

water temperatures (Albin 1979; Amaranthus et al. 1989; Minshall et al. 1997; 

Dunham et al. in press), erosion and sedimentation (Troendle and Bevenger 1996; 

Minshall et al. 2001; Benda et al. 2003), water yields (Helvey 1972; Troendle and 

Bevenger 1996), and complex changes in water chemistry (Brass et al. 1996; 

Robinson and Minshall 1996).  These abiotic changes can elicit biological responses, 

many of which have only been hypothesized (Minshall et al. 1989; Gresswell 1999). 

 Nonmigratory populations of coastal cutthroat trout (Oncorhynchus clarkii 

clarkii) inhabit small, high-gradient headwater streams of the Pacific Northwest 

rainforest (Trotter 1989; Reeves et al. 1998).  These populations of coastal cutthroat 

trout frequently occur upstream of barriers to upstream fish movement and have 
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persisted without connectivity to downstream source populations for many generations 

(Griswold et al. 1997; Guy 2004).  Since isolated populations of coastal cutthroat trout 

spend their entire life cycle in headwater streams, they have evolved in the face of, and 

as a result of, terrestrial disturbance (Gresswell et al. 2006).  In fact, since their life 

history characteristics have been shown to reflect conditions in the environment 

(Reeves et al. 1997), isolated populations of coastal cutthroat trout are an ideal 

organism for examining responses to terrestrial perturbation (Gresswell et al. 2006). 

 In this study, demographic characteristics of coastal cutthroat trout were 

observed following a wildfire to gain insight into adaptive mechanisms associated 

with response to environmental perturbation.  For example, individual growth and 

population demographics are two biological characteristics that can shift in response to 

environmental change (Wilzbach et al. 1986; Connolly and Hall 1999; Young et al. 

1999).  Growth of individual fish is determined by the amount of energy consumed in 

food resources minus the amount of energy expended through metabolism and gamete 

production.  These factors are influenced by a suite of abiotic variables, especially 

water temperature (Wooton 1998), and as these abiotic variables change in relation to 

disturbance, growth capacity of fish should respond.  Demographics can also give 

evidence of the relative state of the ecosystem following exogenously driven changes 

in age structure and abundance (Young et al. 1999). 

 The need to understand the ecological responses of organisms to altered 

environments is increasing as natural and anthropogenic disturbances become more 

prevalent (Hessburg and Agee 2003; Whitlock et al. 2003).  For example, large fires in 
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the western United States burned over 100 million acres during the past 20 years 

(National Interagency Fire Center 2007) and have brought wildfire issues into the 

forefront of land management.  Despite this growing need for empirical research, most 

information for wildfire management plans continues to be derived from theories, 

models, and extrapolation of forest management data (Bisson et al. 2003; Rieman et 

al. 2003).  The number of studies concerning the effects of wildfire on fish has been 

increasing; however most studies have focused on direct mortality (Hall and Lantz 

1969; Minshall et al. 1997), extirpation (Rinne 1996; Rieman et al. 1997; Howell 

2006), recolonization (Novak and White 1990; Rieman et al. 1997; Howell 2006), and 

change in relative abundance (Novak and White 1990; Howell 2006).  The majority of 

these studies conclude that although there can be short term changes in abundance, 

these effects often appear to be ephemeral (Gresswell 1999). 

 Other responses of fish populations to fire-altered lotic environments are not 

well documented.  For example, demographic characteristics (e.g., growth and 

population structure) of stream fishes might be expected to change under such 

conditions, however only one study has evaluated population structure in small 

streams following wildfire (Sestrich 2005).  There do not appear to be any published 

accounts documenting the effects of fire on growth of salmonids in streams.  This gap 

in understanding directly impedes our ability to predict the consequences of wildfire 

on aquatic systems and formulate comprehensive management plans. 

 The Apple Fire that burned in western Oregon during August 2002 provided 

the opportunity to examine ecological responses of coastal cutthroat trout to fire in 
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three headwater stream networks that were located upstream of barriers to upstream 

fish movement.  It was hypothesized that a significant change in terrestrial 

environment would result in a proportional shift in the demographics of coastal 

cutthroat trout populations residing in these areas.  To test this, growth and population 

structure of coastal cutthroat trout from 4 headwater streams was assessed for 3 years 

following the wildfire. 

 The first objective was to determine whether water temperatures changed 

following the wildfire.  Because solar radiation is a primary driver of water 

temperatures in similar headwater streams (Brown and Krieger 1970; Beschta et al. 

1987), water temperatures were expected to increase proportional to wildfire severity.  

The second objective was to examine relationships between post-fire physical habitat 

conditions and growth of coastal cutthroat trout.  Laboratory studies have documented 

a positive relationship between water temperature and growth in salmonids (Fry 1971; 

Dwyer and Kramer 1975; Brett 1979).  A similar relationship between length of 

coastal cutthroat trout and change in water temperatures (a possible proxy for wildfire 

severity) was expected in this study.  The final objective was to assess population 

demographics for evidence of adaptive mechanisms to disturbance.  If increased 

growth rates and decreased longevity are responses to unpredictable conditions 

(Pianka 1970), then older age classes were expected to be underrepresented in 

populations following the wildfire.  By observing growth and population 

demographics of coastal cutthroat trout, this study attempted to understand how post-

fire conditions influence an important ecological component of headwater streams. 
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CHAPTER 2: METHODS 

 

Study Area 

 Headwater streams in the North Umpqua basin of western Oregon experience 

warm, dry summers with most of the precipitation occurring during the winter as rain; 

annual precipitation ranges from 154-219 cm (http://www.daymet.org).  Stream 

channels are constrained by the adjacent, steep hillslopes.  Riparian overstory 

vegetation is dominated by Douglas-fir (Pseudotsuga menziesi), western hemlock 

(Tsuga heterophylla), western red cedar (Thuja plicata), incense cedar (Calocedrus 

decurrens), and red alder (Alnus rubra). 

 During the late summer of 2002, the Apple Wildfire burned portions of three 

headwater watersheds in the North Umpqua basin (Fig. 1).  In two of the watersheds, 

Fairy and Panther creeks, the fire burned with mixed severity, and mortality of 

vegetation was spatially heterogeneous (Fig. 2a and 2b).  The Limpy Creek watershed 

burned with high severity, and vegetative mortality was high throughout the watershed 

(Fig. 2c).  A reference stream was selected from a nearby fourth watershed, Cavitt 

Creek, which had similar abiotic characteristics but was not burned by the wildfire 

(Fig. 2d). 

 Watershed areas ranged from 8-15 km2, and mean elevations ranged between 

889 m and 1,180 m.  These watersheds were drained by relatively high gradient (7.9-

8.8%), third-order streams.  Prior to the wildfire, the majority of these watersheds 

were managed for mid- to late-seral forest by the Umpqua National Forest. 
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Figure 1.  Map of four headwater watersheds in the Cascades ecoregion of western 
Oregon.  The bold line in each watershed represents the distribution of coastal 
cutthroat trout as well as the portion of stream sampled between 2003 and 2005.  
Fairy, Panther, and Limpy Creek watersheds were burned by the Apple Fire in 2002. 
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Figure 2.  Representative photographs of the four study streams.  Wildfire burned with 
mixed severity in (a) Fairy Creek and (b) Panther Creek and mortality of vegetation 
was spatially heterogeneous.  Wildfire burned at a high severity in (c) Limpy Creek 
resulting in high vegetative mortality throughout the watershed.  Cavitt Creek (d) was 
not burned by the wildfire and has vegetative cover characteristic of headwater 
watersheds in the Cascade ecoregion. 
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a) Fairy Creek 

 

 

b) Panther Creek 

 
Figure 2 
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c) Limpy Creek 

 

 

d) Cavitt Creek 

 
Figure 2 continued 
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Water Temperature 

 To determine whether stream temperatures changed following the wildfire, 

water temperatures were compared from a period before and to a period after the 

wildfire.  Water temperature data were collected using Optic StowAway and 

StowAway TidbiT data loggers (Onset Computer Cooperation).  Data loggers were 

located at the downstream end of each study watershed and were anchored underwater 

in well-mixed pools that were protected from direct sunlight (Dunham et al. 2005).  

Hourly temperature data were collected from July 1999 to December 2005.  

Depending on the year, data were collected by different sources (i.e., U.S. Geological 

Survey, U.S. Forest Service, or this study), however all data logger locations were 

within 300 m of each other.  One exception was Cavitt Creek where empirical data 

from 1999 to 2002 were unavailable.  Instead, estimates for that period were 

developed using a linear regression of data collected from 2003-2005 in Cavitt Creek 

and Little River, to which Cavitt Creek is a tributary (USGS station 14318000; 

http://waterdata.usgs.gov/or/nwis/current/?type=flow). 

 All hourly data were summarized as minimum, maximum, and mean daily 

water temperatures.  The number of degree days during the growing season was 

defined as the sum of mean daily water temperatures between March 1 and October 

31.  One degree day equaled a mean daily water temperature of 1oC (Lentsch and 

Griffith 1987).  Mean growing season water temperature was defined as the average of 

mean daily water temperatures between March 1 and October 31. 
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 To test for changes in water temperatures associated with the wildfire, mean 

growing season water temperatures in Fairy and Limpy creeks were compared 

between a period 3 years before the fire to a period 3 years after the fire.  Cavitt Creek 

served as a reference stream over the same time period.  In each stream, differences 

between these two time periods were tested using a two-sample t-test with a 

Bonferroni adjustment (α = 0.05/3 = 0.0167).  A Bonferroni adjustment was used to 

reduce the chance of making a Type I error (Rice 1989).  Pre-fire data were not 

available in Panther Creek, therefore it was omitted from the analysis. 

 

Fish Sampling 

 All fish-bearing portions of the stream network in these four watersheds were 

sampled for coastal cutthroat trout for three summers following the wildfire (2003-

2005).  Streams were sampled starting in late-June in Panther Creek and ending in 

mid-July in Cavitt Creek.  Sampling was conducted upstream of migration barriers to 

anadromous fishes (i.e., waterfalls) where coastal cutthroat trout were the only species 

of salmonid present.  Fish were collected using a single-pass electrofishing method 

(Bateman et al. 2005).  Starting at the migration barrier, all pool and cascade habitat 

units were sampled, including the tributaries, continuing upstream until fish were no 

longer present due to barrier waterfalls.  This sampling method enabled us to collect 

relative abundance estimates across entire watersheds.  Relative abundance estimates 

were not population estimates, although this single-pass method has been shown to 
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consistently capture ~75% of the estimated population in each habitat unit (Bateman et 

al. 2005). 

 Because the area sampled varied depending on watershed and year, relative 

abundance estimates were weighted by sampled area to create an estimate of relative 

density (fish/100 m2).  These estimates of relative density should not be confused with 

density estimates that weight estimated population by unit area. 

 Measurements of length (fork length, to the nearest mm) and weight (to the 

nearest 0.1 g) were collected from every fish captured.  Scales from a minimum of 10 

fish per 10 mm length group were collected in each geomorphic stream segment 

(Frissell et al. 1986).  Because streams contained between 1 and 6 segments, the 

number of fish scaled ranged from 10 to 60 fish per 10 mm length group per stream.  

Scales were removed from above the lateral line, just forward of the caudal peduncle, 

using a small pocket knife (Ericksen 1999; Fig. 3).  All fish were released following 

scale collection. 

 

Age Determination 

 For each stream and year combination (4 streams for 3 years), 10 fish per 10 

mm length group were randomly selected to be aged.  Scale impressions were made on 

acetate and digitized at 100x magnification using a Leica DMLS compound 

microscope.  Scales that were regenerated or upside down (i.e., no impressions were 

made; Ericksen 1999) were deemed unusable and replaced by randomly selecting  
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Figure 3.  Image of a coastal cutthroat trout captured in Limpy Creek in 2003.  The 
white circle indicates the region where scales initially develop and from where they 
were removed. 
 
 
 

 
 
Figure 4.  Digitized image of a coastal cutthroat trout scale at 100x magnification.  A 
white reference line runs along the longest axis between the focus and the anterior 
edge of the scale.  The perpendicular white lines on the left side of the reference line 
denote circuli.  The perpendicular white lines on the right side of the reference line 
mark the focus, the first and second annuli, and the outside edge (right to left). 
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another fish from the same length group.  Age was determined for one scale per 

randomly selected fish. 

 Once digitized, a reference line along the longest axis between the focus and 

the anterior edge was created using Image-Pro Plus version 4.5 software (Media 

Cybernetics 2001; Fig. 4).  Annular marks, or annuli, were identified using a set of 

criteria proposed by Ericksen (1999).  Ages were assigned to each fish by counting the 

number of annuli.  Scales lacking a first year annulus were screened using methods 

proposed by Lentsch and Griffith (1987) and ages were adjusted upward 1 year if 

necessary.  Measurements (to the nearest 0.00001 mm) were made between the focus, 

each annulus, and the scale edge using Image-Pro Plus. 

 

Verification and Validation 

 The precision of age estimates were verified by reassessing a subset of scales 

for a second and third time (Rooper et al 2000).  All age estimates were preformed by 

a single reader, and scales were reassessed independently over a 3-week period.  To 

quantify the precision of age estimates, mean coefficients of variation were calculated 

between readings 1 and 2, readings 2 and 3, and readings 1 and 3 (Campana et al. 

1995).  The accuracy of age estimates in this study was not directly validated, but the 

method has been validated for coastal cutthroat trout from similar headwater streams 

in western Oregon in a related study (Rehe 2006). 
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Population Demographics 

 An age distribution of each population was calculated by creating age-length 

keys (Devries and Frie 1996).  First, a length-frequency distribution of captured fish 

was created by placing fish into 10 mm length groups.  After aging the subsample of 

each length group, the proportion of ages in each subsample was extrapolated to the 

total number of fish captured in each length group.  Age distributions were created for 

each stream and year combination (Westerheim and Ricker 1978). 

 

Growth Determination 

 Fish length at each annulus was back-calculated using the direct proportion 

method (Gutreuter 1987; Heidarsson et al. 2006), which assumes a direct (1:1) 

relationship between fish length and scale radius.  Estimated fish lengths at each 

annulus were used to calculate the increase in fish length (mm) during each growth-

year (i.e., absolute growth rate; Warren 1971; Ricker 1979).  To reduce influence of 

fish size on growth rates, absolute growth rates were transformed into relative growth 

rates (Warren 1971; Ricker 1979).  Annual relative growth rates were calculated by 

dividing the annual growth increment by the length of the fish at the beginning of its 

growth-year: 

  

 RGi = (Lie - Lib) / Lib

where: 

 RGi = annual relative growth rate (mm/mm/year) of coastal cutthroat trouti, 
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 Lib = length of coastal cutthroat trouti (mm) at the start of the growth-year,  

 and 

 Lie = length of coastal cutthroat trouti (mm) at the end of the growth-year. 

 

 Annual relative growth rates were calculated for each fish in the subsample.  

For each stream and year combination, individual fish were grouped into length 

groups according to fish length at the beginning of the growth-year, and the mean 

annual relative growth rate was calculated for each group.  Length groups were used 

instead of age groups because preliminary results showed growth was more strongly 

associated with length of fish at the beginning of the growth-year (Gutreuter 1987).  

To ensure independence among length groups and to reduce the influence of size-

selected mortality (Lee's phenomenon), mean annual relative growth rates were 

estimated from only the last complete year of growth (Ricker 1975; Gutreuter 1987).  

Although fish were captured between 2003 and 2005, the last complete year of growth 

refers to the 2002-2004 growth-years. 

 Differences in growth patterns between populations can also be evaluated by 

comparing size of fish.  These comparisons are confounded, however, when fish are 

captured at different times during the growth-year.  To address this issue, fish lengths 

were compared using back-calculated lengths at last annulus formation (Devries and 

Frie 1996).  For each stream and year combination, fish were sorted into groups 

according to age at capture, and the mean length at last annulus formation was 

calculated for each age group.  This method was used to ensure independence among 
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age groups and to avoid Lee's phenomenon (Ricker 1975; Gutreuter 1987).  Lengths at 

last annulus formation refer to lengths at the conclusion of the 2002-2004 growth-

years. 

 

Temperature-Growth Relationship 

 To explore the relationship between water temperature and growth of coastal 

cutthroat trout, correlations were calculated between the mean annual relative growth 

rate of coastal cutthroat trout and the number of degree days during the growing 

season.  Pearson correlation coefficients were used to determine if the relationship was 

positive or negative and t-tests were used to test for statistical significance.  Each data 

point represented a unique stream and year combination between 2002 and 2004.  

Correlative analysis was also used to investigate the relationship between the mean 

length at last annulus formation and the number of degree days during the growing 

season. 

 

Density-Growth Relationship 

 The relationship between relative density and growth of coastal cutthroat trout 

was explored using similar techniques as when degree days was the explanatory 

variable.  Correlations were calculated between relative density of fish ≥ age 1 and    

1) relative growth rate and 2) length at last annulus formation.  Pearson correlation 

coefficients were used to determine if the relationship was positive or negative and t-

tests were used to test for statistical significance.  Each data point represented a unique 
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stream and year combination between 2002 and 2004.  All statistical analyses were 

preformed using Number Cruncher Statistical Systems (Hintze 2001). 
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CHAPTER 3: RESULTS 

 

Water Temperature

 In headwater watersheds of the North Umpqua River, seasonal weather 

patterns govern stream temperatures between annual lows in winter and highs in 

summer.  Between 2000 and 2002, mean monthly water temperature in Cavitt Creek 

ranged between 3.3oC during winter and 12.2oC in summer.  Between 2003 and 2005, 

Cavitt Creek’s mean monthly water temperature ranged between 3.4oC and 12.7oC. 

 Prior to the wildfire, mean monthly water temperature in Fairy Creek ranged 

from 3.9oC to 16.0oC.  Following the mixed severity wildfire, stream temperatures in 

Fairy Creek and Panther Creek ranged between 4.1oC and 18.0oC.  A similar change 

took place in Limpy Creek.  Prior to the fire, mean monthly water temperature 

fluctuated between 3.0oC and 15.4oC, and following the high severity wildfire, stream 

temperature in Limpy Creek ranged between 4.3oC and 19.0oC.  The maximum 

recorded daily stream temperature during the duration of this study was 24.2oC in 

Limpy Creek on July 30, 2003. 

 Change in stream temperatures following the wildfire was tested for using a 

two-sample t-test with a Bonferroni adjustment.  The mean growing season water 

temperature increased 2% in Cavitt Creek when compared between 1999-2002 (pre-

fire) and 2003-2005 (post-fire; Table 1), but this change was not significant (p = 0.31; 

Fig. 5).  A significant increase (12%; p < 0.016) in the mean growing season water 

temperature was observed in Fairy Creek over the same time period (Fig. 5; Table 1).   
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Mean Growing Growing Season
Stream Year Burn Severity Data source Season Temp. (oC) Degree Days

Cavitt Creek 2000 no burn USGS 8.2    (0.16) 2,002
Cavitt Creek 2001 no burn USGS 8.3    (0.17) 2,032
Cavitt Creek 2002 no burn USGS 8.1    (0.19) 1,992
Cavitt Creek 2003 no burn this study 8.5    (0.16) 2,078
Cavitt Creek 2004 no burn this study 8.6    (0.19) 2,116
Cavitt Creek 2005 no burn this study 8.1    (0.17) 1,980

Fairy Creek 2000 no burn USFS 11.1    (0.19) 2,729
Fairy Creek 2001 no burn USFS 10.6    (0.23) 2,586
Fairy Creek 2002 no burn* USFS 11.3    (0.22) 2,780
Fairy Creek 2003 mixed severity this study 12.7    (0.27) 3,103
Fairy Creek 2004 mixed severity this study 12.5    (0.26) 3,051
Fairy Creek 2005 mixed severity this study 11.9    (0.25) 2,912

Panther Creek 2000 no burn ~ ~ ~
Panther Creek 2001 no burn ~ ~ ~
Panther Creek 2002 no burn* ~ ~ ~
Panther Creek 2003 mixed severity this study 12.1    (0.27) 2,974
Panther Creek 2004 mixed severity this study 12.2    (0.26) 2,987
Panther Creek 2005 mixed severity this study 11.7    (0.25) 2,877

Limpy Creek 2000 no burn USFS 10.4    (0.18) 2,556
Limpy Creek 2001 no burn USFS 9.8    (0.24) 2,396
Limpy Creek 2002 no burn* USFS 10.6    (0.22) 2,589
Limpy Creek 2003 high severity this study 12.9    (0.30) 3,169
Limpy Creek 2004 high severity this study 12.7    (0.28) 3,122
Limpy Creek 2005 high severity this study 12.1    (0.27) 2,973

* The Apple Wildfire began in the late summer of 2002.  Water temperatures during the 2002 growing season were 
affected by the wildfire.

Table 1.  Summary of water temperature data from four headwater streams 
between 2000 and 2005.  Data came from either the U.S. Geological Survey 
(USGS), the U.S. Forest Service (USFS), or this study.  Growing season was 
delineated as March 1 to October 31.  Each year of data refers to a calendar 
year.  Numbers in parentheses represent ± 1 standard error of the mean.  The ~ 
symbol identifies missing data.

 

 



 24

0

2

4

6

8

10

12

14
2000 - 2002 (pre-fire)

2003 - 2005 (post-fire)

Cavitt Creek Fairy Creek Limpy Creek
(no burn) (mixed severity burn) (high severity burn)

* *

Figure 5.  Comparison between pre-fire (open) and post-fire (dark) water 
temperatures in three headwater streams.  Each bar represents an 3-year average of 
the mean growing season water temperature.  Growing season was delineated as 
March 1 to October 31.  In each stream, differences between these two time periods 
were tested using a two-sample t-test with a Bonferroni adjustment (α = 0.05/3 = 
0.0167).  Streams with a significant change in water temperature are labeled with an 
asterisk.  Water temperatures during the 2002 growing season in Fairy and Limpy 
creeks were affected by the wildfire that started in August.  Error bars represent ± 1 
standard error of the mean.  

M
ea

n 
G

ro
w

in
g 

Se
as

on
 W

at
er

 T
em

pe
ra

tu
re

 (o C
)

 

 



 

 

25

The largest change following the wildfire was observed in severely burned Limpy 

Creek, where the mean growing season water temperature increased 23% in the 3 

years following the fire (p < 0.003; Fig. 5; Table 1). 

 

Fish Sampling 

 During the summers of 2003-2005, 9,583 coastal cutthroat trout were captured 

from pool and cascade habitat units using backpack electroshockers.  Because this 

sampling method selects against the smallest size classes, estimates of relative 

abundance were limited to fish ≥ age 1.  Relative abundance varied by year, but the 

mean for all years was 1,037, 892, 416, and 273 in Cavitt Creek, Fairy Creek, Panther 

Creek, and Limpy Creek, respectively (Table 2).  Since the sampled area varied 

depending on stream and year (Table 2), weighting abundance estimates by area 

increased comparability among streams.  Between 2003 and 2005, mean relative 

density of coastal cutthroat trout was 14.2 fish/100m2 in Cavitt Creek, 15.2 fish/100m2 

in Fairy Creek, 7.7 fish/100m2 in Panther Creek, and 9.7 fish/100m2 in Limpy Creek 

(Table 2). 

 Maximum fork length of coastal cutthroat trout captured in this study was 200 

mm in Cavitt Creek, 237 mm in Fairy Creek, 256 mm in Panther Creek, and 247 mm 

in Limpy Creek.  Because populations of coastal cutthroat trout in this study occurred 

upstream of migration barriers and had no immigration, this sample included 

reproductive adults.  Mean Fulton condition factor for fish ≥ age 1 was 1.10, and there 

were no major differences among streams.
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Capture Sampled Sampled
Stream Burn Severity Year Length (m) Area (m2) Age 0 Age 1+ Total Age 0 Age 1+ Total
Cavitt no burn 2003 2,157 6,992 8 1,015 1,023 0.1 14.5 14.6
Cavitt no burn 2004 2,582 8,834 6 859 865 0.1 9.7 9.8
Cavitt no burn 2005 2,362 6,682 34 1,236 1,270 0.5 18.5 19.0

Fairy mixed severity 2003 1,747 5,487 175 937 1,112 3.2 17.1 20.3
Fairy mixed severity 2004 2,167 7,089 667 917 1,584 9.4 12.9 22.3
Fairy mixed severity 2005 1,672 5,321 100 822 922 1.9 15.4 17.3

Panther mixed severity 2003 1,153 4,445 151 350 501 3.4 7.9 11.3
Panther mixed severity 2004 1,505 6,855 115 395 510 1.7 5.8 7.4
Panther mixed severity 2005 1,281 5,325 35 503 538 0.7 9.4 10.1

Limpy high severity 2003 692 3,028 164 309 473 5.4 10.2 15.6
Limpy high severity 2004 797 3,760 202 268 470 5.4 7.1 12.5
Limpy high severity 2005 588 2,060 74 241 315 3.6 11.7 15.3

Relative Abundance Relative Density (fish/100 m2)

Table 2.  Relative abundance and relative density of coastal cutthroat trout captured in four headwater streams between 2003 
and 2005.  Sampled length and area includes all pool and cascade habitat units upstream from the migration barrier to the 
point were fish were no longer present.  The 'Age 1+' column includes all fish ≥ age 1.  Fish were sorted into one of the two 
age groups according to length frequency tables.
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Age Determination 

 Age was determined for 1,295 fish, or about 14% of the total fish captured in 

this study.  From each stream and year combination, age determinations were made for 

between 90 and 130 fish, representing between 9 and 31% of the catch from each 

stream.  Ages commonly ranged between 0 (young-of-the-year) and 4; however 

maximum age was 5 for an individual from Cavitt Creek in 2004.  A maximum age of 

3 was documented in Limpy Creek in 2003 and 2005 and in Panther Creek in 2003. 

 To screen for scales lacking a first year annulus, the number of degree days 

above 0oC for the entire growth-year was calculated for each stream and year 

combination.  All streams met Lentsch and Griffith's (1987) proposed minimum of 

1,500 degree days for fish to form an annulus by the end of their first growth-year.  

Cavitt Creek in 2003 had the lowest number of degree days with 2,621.  Since all the 

streams met the proposed criteria for first annulus formation, no ages were adjusted 

upward. 

 

Verification and Validation 

 To verify the precision of the age estimates, scales were reassessed from 120 

fish between 50 and 247 mm fork length (30 fish per stream).  Between the first and 

second reading of each scale, the mean coefficient of variation was 3.0%.   The 

variation was calculated to be 1.3% between reading 2 and 3 and 3.0% between 

reading 1 and 3.  Age estimates were more likely to vary as length of fish increased. 
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 To validate the accuracy of the age estimates, results from a similar study of 

coastal cutthroat trout in headwater streams were used (Rehe 2006).  In this study, 234 

individually tagged fish were recaptured at least 1 year after the initial capture date.  

Age was determined for scales from both capture dates, and > 95% of the recaptured 

fish had formed the expected number of annuli between captures. 

 

Population Demographics 

 Length-frequency distributions of coastal cutthroat trout were created for each 

stream and year combination (Fig. 6).  Sampled populations in Cavitt Creek were 

primarily comprised of fish > 60 mm.  Captures of young-of-the-year were extremely 

rare, and only 48 individuals (mean length = 37 mm) were encountered during the 3 

years of sampling (Table 2).  The distribution of fish ≥ age 1 was positively-skewed, 

and the 81-90 mm length group was most abundant (Fig. 6a and 6c).  In 2004, 

however, the distribution was less skewed, and the greatest proportion of fish were 

between 81 and 120 mm (Fig. 6b). 

 In the three burned watersheds, two distinct size groups of fish representing 

young-of-the-year and fish ≥ age 1 were observed (Fig. 6d-6L).  Although young-of-

the-year fish were underrepresented because of the sampling method, this age group 

comprised a significant portion of each population in the burned watersheds (range in 

relative abundance = 35-667; Table 2).  Mean length of young-of-the-year fish was 45 

mm in Fairy and Panther creeks, and 57 mm in Limpy Creek.  In the burned 

watersheds, the distribution of fish ≥ age 1 was skewed positively (Fig. 6).  The most  
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Figure 6.  Length-frequency distribution of all coastal cutthroat trout captured in 
Cavitt Creek (a,b,c), Fairy Creek (d,e,f), Panther Creek (g,h,i), and Limpy Creek 
(j,k,L) between 2003 and 2005.  Fish are organized into 10 mm length groups 
according to length at capture. 
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Figure 7.  Age distribution of coastal cutthroat trout ≥ age 1 that were captured in 
Cavitt Creek (a,b,c), Fairy Creek (d,e,f), Panther Creek (g,h,i), and Limpy Creek 
(j,k,L) between 2003 and 2005.  Fish are organized into groups according to age at 
capture. 
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abundant length groups were larger than those in Cavitt Creek (range = 121-130 mm 

in Limpy Creek; Fig. 6d-6L). 

 Age distribution of coastal cutthroat trout was determined for each stream and 

year combination (Fig. 7).  Excluding young-of-the-year fish, younger age classes 

were generally more abundant than older age classes.  Between 2003 and 2005, the 

mean proportion of fish ≥ age 3 was 23% in Cavitt Creek, 16% in Fairy Creek, 12% in 

Panther Creek, and 10% in Limpy Creek.  In fact, 3 years after the severe wildfire in 

Limpy Creek, only two fish were estimated to be ≥ age 3 (Fig. 7L). 

 

Growth Determination

 Growth rates were directly related to fish length, and mean annual relative 

growth rates declined from 0.68 to 0.19 mm/mm/year as fish length at the beginning 

of the growth-year increased from 40 to >140 mm (Table 3).  Among streams, growth 

rates were greater in Fairy, Panther, and Limpy creeks than in Cavitt Creek (Table 3).  

This relationship was evident during all three growth-years (including 2002 when the 

wildfire began in August).  It was impossible to determine how much growth occurred 

prior to, or following, the wildfire in 2002, however it appeared that cumulative 

growth rates that year were similar to those following the wildfire. 

 Coastal cutthroat trout in Fairy, Panther, and Limpy creeks were consistently 

larger at ages 1-4 than those in Cavitt Creek (Table 4).  Furthermore, there appeared to 

be a trend towards increasing length at last annulus formation with increasing burn 

severity.  In 2002, the year of the fire, fish in Fairy and Panther creeks were, on  
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40-59 mm 60-79 mm 80-99 mm 100-119 mm 120-139 mm >140 mm
Stream Burn Severity Growth-Year Length Group Length Group Length Group Length Group Length Group Length Group
Cavitt no burn 2002 0.74    (0.06) 0.47    (0.04) 0.37    (0.03) 0.25    (0.02) 0.17    (0.01) ~
Fairy no burn* 2002 0.74    (0.11) 0.55    (0.02) 0.48    (0.03) 0.33    (0.02) 0.24    (0.02) ~

Panther no burn* 2002 0.68    (0.09) 0.60    (0.03) 0.53    (0.04) 0.31    (0.03) 0.24    (0.03) ~
Limpy no burn* 2002 ~ 0.61    (0.05) 0.55    (0.03) 0.32    (0.02) ~ ~

Cavitt no burn 2003 0.65    (0.04) 0.43    (0.04) 0.29    (0.02) 0.24    (0.02) 0.18    (0.01) ~
Fairy mixed severity 2003 0.70    (0.01) 0.52    (0.03) 0.45    (0.04) 0.31    (0.02) 0.23    (0.01) 0.18    (0.02)

Panther mixed severity 2003 ~ 0.49    (0.02) 0.43    (0.03) 0.27    (0.02) 0.23    (0.02) 0.17    (0.01)
Limpy high severity 2003 0.71    (0.14) 0.58    (0.04) 0.52    (0.03) 0.43    (0.03) 0.30    (0.02) 0.24    (0.05)

Cavitt no burn 2004 0.59    (0.05) 0.48    (0.02) 0.32    (0.02) 0.26    (0.02) 0.21    (0.02) ~
Fairy mixed severity 2004 ~ 0.53    (0.03) 0.50    (0.02) 0.30    (0.02) 0.26    (0.02) 0.21    (0.03)

Panther mixed severity 2004 ~ 0.67    (0.05) 0.49    (0.02) 0.41    (0.03) 0.23    (0.04) 0.21    (0.02)
Limpy high severity 2004 ~ ~ 0.49    (0.03) 0.47    (0.05) 0.24    (0.03) ~

* The Apple Wildfire began in the late summer of 2002.  Growth rates in Fairy Creek, Panther Creek, and Limpy Creek were affected by the wildfire during 2002.  It is unknown what the 
growth rates were prior to, or following, the wildfire, only what the overall rates were that year.

Table 3.  Mean annual relative growth rates of coastal cutthroat trout that began their growth year between 40-59 mm, 60-79 
mm, 80-99 mm, 100-119 mm, 120-139 mm, or >140 mm in four headwater streams between 2002 and 2004.  Only the last 
complete year of growth was used in this summary.  Age 1 fish were excluded from this summary because they began their 
last complete year of growth before their scales had formed.  Numbers in parentheses represent ± 1 standard error of the 
mean.  The ~ symbol identifies missing data or inadequate sample sizes (≤ 2).

Mean Annual Relative Growth Rate (mm/mm/year)
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Stream Burn Severity Growth-Year Age 1 Age 2 Age 3 Age 4
Cavitt no burn 2002 54    (2.78) 100    (3.46) 126    (3.32) 140    (5.32)
Fairy no burn* 2002 74    (2.28) 118    (3.23) 145    (2.40) 158    (7.50)

Panther no burn* 2002 72    (2.27) 117    (3.23) 151    (4.77) ~
Limpy no burn* 2002 75    (2.89) 126    (2.86) 158    (6.18) ~

Cavitt no burn 2003 51    (1.50) 88    (2.95) 118    (2.96) 134    (4.35)
Fairy mixed severity 2003 75    (1.71) 114    (3.50) 146    (2.47) 169    (5.02)

Panther mixed severity 2003 75   (2.04) 115    (2.87) 144    (2.69) 183    (6.88)
Limpy high severity 2003 79    (2.14) 122    (3.08) 154    (3.76) 197    (17.82)

Cavitt no burn 2004 59    (1.69) 103    (2.62) 137    (2.84) 163    (4.15)
Fairy mixed severity 2004 74    (1.86) 121    (2.37) 155    (3.29) 176    (8.97)

Panther mixed severity 2004 80    (1.91) 132    (2.11) 171    (7.14) ~
Limpy high severity 2004 93    (1.49) 143    (3.02) ~ ~

Mean Length at Last Annulus Formation (mm)

Table 4.  Mean length at last annulus formation of coastal cutthroat trout captured at 
age 1, 2, 3, or 4 in four headwater streams between 2002 and 2004.  Numbers in 
parentheses represent ± 1 standard error of the mean.  The ~ symbol identifies 
missing data or inadequate sample sizes (≤ 2).

* The Apple Wildfire began in the late summer of 2002.  Fish lengths in Fairy Creek, Panther Creek, and Limpy Creek were 
affected by the wildfire during 2002.  It is unknown what the growth rates were prior to, or following, the wildfire, only what 
the overall rates were that year.
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average, 19 mm larger than those in Cavitt Creek.  That same year, fish in Limpy 

Creek were, on average, 26 mm larger than those in Cavitt Creek.  The disparity 

between lengths at age increased following the wildfire, and mean lengths of fish in 

moderately burned Fairy and Panther creeks were 25 mm greater than those in 

unburned Cavitt Creek.  Moreover, mean lengths of fish in severely burned Limpy 

Creek were 36 mm greater than those in Cavitt Creek (Table 4). 

 

Temperature-Growth Relationship 

 Coastal cutthroat trout captured in streams with greater numbers of degree days 

grew at a faster rate (Fig. 8) and attained larger sizes (Fig. 9).  Correlative analysis 

between the number of degree days during the growing season and relative growth 

rates yielded positive Pearson correlation coefficients for fish that began their growth-

year between 60-79 mm (r = 0.60; p < 0.07), 80-99 mm (r = 0.78; p < 0.01), 100-119 

mm (r = 0.71; p < 0.02), and 120-139 mm fork length (r = 0.84; p < 0.01) (Fig. 8).  

The number of degree days during the growing season was also positively correlated 

with length of coastal cutthroat trout at age 1 (r = 0.90; p < 0.01), age 2 (r = 0.78; p < 

0.01), age 3 (r = 0.76; p < 0.02), and age 4 (r = 0.84; p < 0.01) (Fig. 9).  These data 

strongly suggest that stream temperatures were an important factor influencing growth 

and size of coastal cutthroat trout in headwater streams sampled during this study.
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Figure 8.  Relationship between the mean annual relative growth rate of coastal 
cutthroat trout and the number of degree days during the growing season.  Fish were 
captured between 2002 and 2004 in four headwater streams.  Fish are grouped by 
length at which they began their last growth year.  Pearson correlation coefficients are 
labeled on each sub-figure.  Each data point represents a unique stream and year 
combination.  Shapes of points represent Cavitt Creek (diamond), Fairy Creek 
(triangle), Panther Creek (square), and Limpy Creek (circle). Only the last complete 
year of growth was used in this analysis.  Age 1 fish were excluded from this analysis 
because they began their last complete year of growth before their scales had formed.  
Error bars represent ± 1 standard error of the mean.
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Figure 8.     Number of Degree Days during the Growing Season
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Figure 9.  Relationship between the mean length at last annulus formation of coastal 
cutthroat trout and the number of degree days during the growing season.  Fish were 
captured between 2002 and 2004 in four headwater streams.  Fish are grouped by age 
at last annulus formation.  Pearson correlation coefficients are labeled on each sub-
figure.  Each data point represents a unique stream and year combination.  Shapes of 
points represent Cavitt Creek (diamond), Fairy Creek (triangle), Panther Creek 
(square), and Limpy Creek (circle).  Error bars represent ± 1 standard error of the 
mean.
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Figure 9.     Number of Degree Days during the Growing Season 
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Density-Growth Relationship 

 There was no statistically significant relationship between relative density of 

fish > age 1 and either growth rate or length at last annulus formation.  Results of 

correlative analysis suggested a negative relationship between relative density and 

growth rate.  Pearson correlation coefficients ranged between -0.29 and -0.54, but 

estimates were not statistically significant (p ≥ 0.19; n = 7-8).  Correlations between 

relative density and length at last annulus formation also suggested a negative 

relationship (r = -0.47 - -0.57), but estimates were not statistically significant (p ≥ 

0.14; n = 6-8). 
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CHAPTER 4: DISCUSSION 

 

 Headwater streams are intimately linked to the terrestrial landscape through 

riparian interactions such as shade, nutrient and coarse organic matter inputs, and 

terrestrial food items (Vannote et al. 1980; Gregory et al. 1991; May and Gresswell 

2003a).  By dramatically altering the terrestrial landscape, wildfire can alter these 

riparian processes (Dwire and Kauffman 2003) and, theoretically, affect streams and 

their biota.  This study contributes to the understanding of how wildfire can influence 

fish in streams that are particularly vulnerable to terrestrial disturbance (Gregory et al. 

1991; Reeves et al. 1995; Gomi et al. 2002; Gresswell et al. 2006). 

 Analysis of a 9-year data set suggested that water temperatures had changed 

following the Apple Fire of 2002 that burned through three small headwater stream 

networks with varying severity (Fig. 5).  Although biological data were not collected 

prior to the fire, statistically significant post-fire relationships were observed between 

degree days and 1) relative growth rate and 2) length at last annulus formation of 

coastal cutthroat trout (Fig. 8 and Fig. 9).  This observation suggests that wildfire in 

these headwater streams triggered a bottom-up response in fish growth following 

changes in water temperature.  At the organism scale, changes in growth 

characteristics of fish appear to have manifested themselves at the population scale as 

shifts in population length (Fig. 6) and age structure (Fig. 7). 

 Shade from riparian vegetation is an important factor in the regulation of 

stream temperatures (Brown and Krieger 1970; Dwire and Kauffman 2003; Dunham 
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et al. in press).  Loss of riparian vegetation, either from wildfire or mechanical 

removal, has been shown to increase solar radiation and concomitantly increase water 

temperatures (Albin 1979; Amaranthus et al. 1989; Minshall et al. 1997).  In this 

study, similar responses were observed in four headwater streams along a gradient of 

fire severities (Fig. 5).  In Cavitt Creek, the unburned reference stream, temperature 

increased 2% relative to pre-fire levels.  In Limpy Creek, where the majority of the 

watershed experienced stand-replacing fire, water temperature increased 23% relative 

to pre-fire levels (Table 1).  Such changes in water temperature can act as an important 

catalyst for many biological processes in lotic environments (DeNicola 1996; Minshall 

et al. 1997; McCullough et al. 2001). 

 Although many exogenous factors such as dissolved oxygen, salinity, and pH 

can also have an influence, water temperature plays a key role in governing the growth 

of fish (Lantz 1971; Brett 1979; Wooton 1998).  For example, growth of individuals is 

determined by the amount of energy consumed in food resources minus the amount of 

energy expended through metabolism and gamete production (Wooton 1998).  

Metabolism, or the sum of all biochemical processes taking place within an organism 

(Helfman 1997), is directly controlled by water temperature (Fry 1971).  Although 

metabolism was not directly measured in this study, the relationship between 

metabolism and water temperature is well documented in the literature (Fry 1971; 

Dwyer and Kramer 1975; Wooton 1998). 

 Using water temperature as the explanatory variable, a hypothetical model 

based on this relationship was created to place each watershed in context, before and 
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after the wildfire (Fig. 10).  Results from this exercise provided insight into possible 

trajectories following disturbance.  For example, increased water temperatures in 

Fairy, Panther, and Limpy creeks appear to have triggered an increase in the metabolic 

capacity of coastal cutthroat trout.  However, if these watersheds started under 

different environmental conditions (i.e., higher water temperatures), the wildfire could 

have had negative effects on metabolism and, potentially, growth. 

 Food resources are another important factor affecting growth of fish, and can 

be significantly influenced by the removal of riparian vegetation following wildfire.  

Although not directly measured here, many studies have documented shifts in stream 

primary productivity and invertebrate community structure resulting from decreases in 

streamside vegetation (Newbold et al. 1980; Minshall et al. 1989; Jones et al. 1993; 

Robinson and Minshall 1996).  Following reductions in the riparian vegetation, either 

from wildfire or mechanical removal, solar radiation is quick to increase while 

terrestrial inputs plummet (McIntyre and Minshall 1996).  As a response, aquatic 

invertebrate communities have shown shifts in feeding guilds that reflect this change 

from allochthonous to autochthonous food sources (Bilby and Bisson 1992; Jones et 

al. 1993; Minshall et al. 1997).  In terms of consequences for fish growth, changes in 

aquatic community structure may have little effect due to the opportunistic diets of 

coastal cutthroat trout (Trotter 1987; Behnke 1992).  Perhaps more important to fish 

growth is the quantity of food resources, which have been shown to remain stable 

(Lotspeich et al. 1970) or even increase (Albin 1979; Roby 1989; Minshall et al. 1990) 

following decreases in streamside vegetation.  Wilzbach and others (1986) tracked the  
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Water Temperature (oC)

Cavitt Creek
pre- and post-fire periods

burned streams
pre-fire period

burned streams
post-fire period

Figure 10.  Hypothetical relationship between coastal cutthroat trout metabolism 
and water temperature in four headwater streams before and after wildfire.  
Metabolism is positively related to water temperature up to a point, above which 
the relationship becomes negative.  Ovals highlight potential metabolic rates of 
coastal cutthroat trout in the four study watersheds, before and after the wildfire.  
These potential ranges were based on observed water temperatures, which increased 
in the three burned watersheds following the fire.
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response in the food web and found increased growth rates of coastal cutthroat trout 

following mechanical harvest of the riparian canopy. 

 In addition to the effects of food quantity, competition for this resource can 

also play a significant role in regulating growth of coastal cutthroat trout in headwater 

streams.  The degree of intraspecific competition can be determined in part, by density 

of fish (Weber and Fausch 2003); calculating relative densities allowed us to evaluate 

the potential influence of competition on fish growth.  In this study, no significant 

relationship was observed between growth and relative density (p ≥ 0.14), suggesting 

that relative densities were low enough and/or food was abundant enough in all of the 

streams to negate the effects of intraspecific competition.  Relative density estimates 

for this study (6-19 fish/100m2) were well within the range found for 50 similarly-

sized headwater streams in western Oregon (2-40 fish/100m2; Bateman unpublished 

data).  Despite other studies having observed density-dependence in stream-dwelling 

salmonids (Dunham and Vinyard 1997; Grant and Imre 2005), there was no statistical 

evidence that this was occurring in any of the study streams. 

 If growth of coastal cutthroat trout in headwater streams is primarily 

influenced by water temperature and food, then the observations of greater growth 

rates (Table 3) and larger lengths at last annulus formation (Table 4) may be 

hypothesized for similar watersheds recently burned by wildfire.  At the organism 

scale, the realized growth capacity of coastal cutthroat trout appears to have shifted in 

response to change in the environment (Warren and Liss 1980).  As one moves up a 

level of biological organization to the population scale, further evidence of post-fire 
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responses can be found in differences in length-frequencies (Fig. 6) and age structures 

(Fig. 7) of the populations. 

 Length-frequency distributions of coastal cutthroat trout were graphically 

represented for each stream and year combination (Fig. 6).  Because these 

distributions were created from summer electrofishing surveys, they represented a 

snapshot of the size distribution of each stream at the midpoint of the growth-year.  

Sampled populations in Cavitt Creek were primarily comprised of fish > age 1.  The 

scarcity of young-of-the-year fish in July was not assumed to be due to a lack of 

recruitment, but rather an inability to effectively capture this age class; at the time of 

the surveys, young-of-the-year fish in Cavitt Creek were generally too small to be 

captured via electrofishing.  Conversely, in the three burned watersheds, young-of-the-

year routinely comprised a significant portion of each sample.  Mean length of age-0 

fish in the burned watersheds ranged from 45-57 mm.  These patterns suggest that 

spawning and emergence occurred at an earlier date, or that young-of-the-year fish 

grew at a faster rate in the burned watersheds. 

 The length of the growing season may also have been influenced by the 

wildfire through increases in water temperature.  In the cooler water of Cavitt Creek, 

mean length of young-of-the-year coastal cutthroat trout was < 30 mm in July and 

only 55 mm by the end of the first growth-year.  In the burned watersheds, mean 

length of young-of-the-year fish was already 47 mm in Fairy and Panther creeks and 

57 mm in Limpy Creek in July.  Since water temperature effects growth and 

development of fish (Lantz 1971; Warren 1971; McCullough et al. 2001), increases in 
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water temperatures in the burned watersheds may act to increase the growing season 

during the initial year of growth. 

 The shift in the abiotic environment following the wildfire may have also 

influenced population structure of fish ≥ age 1.  For example, the burned watersheds 

contained lower proportions of fish ≥ age 3 (10-16%) than unburned Cavitt Creek 

(23%; Fig. 7).  The potential loss of older age classes could either reduce the 

proportion of reproductive aged fish or the proportion of larger, more fecund females.  

These would both hold negative consequences for population viability.  However, no 

evidence of decline in relative abundance was observed following the wildfire (Table 

2).  Fish in the burned watersheds could have compensated by growing faster and 

reproducing at an earlier age, as has been observed in other salmonids inhabiting 

stochastic stream environments (Downs et al. 1997; Dunham et al. unpublished data), 

but additional study is needed to determine if age structure changes are significant and 

if compensatory responses exist in these fish. 

 This study examined ecological characteristics of stream fishes at the organism 

and population levels for evidence of adjustments to post-fire environments.  Evidence 

of change in growth rates and population structure of coastal cutthroat trout was found 

following wildfire in three headwater streams.  Fish appear to have responded to 

significant alterations in the physical stream environment at both the organism and 

population level.  The scope of inference of this study is limited, however, and the 

context in which perturbation occurred may have had a strong influence on the 

trajectory of the responses (Gresswell 1999; Fig. 10). 
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 The post-fire environments in which coastal cutthroat trout were observed (Fig. 

2a-2c) resembled almost nothing of the typical streams these fish are endemic to in the 

temperate rainforests of the Pacific Northwest (Fig. 2d; Trotter 1989).  Despite 

extensive changes to the physical environment following the wildfire, fish responded 

to these new conditions and were resilient to disturbance over short time scales.  In 

fact, low pre-fire water temperatures may have been a limiting factor in these streams 

and only following increases in water temperatures were fish able to exhibit elevated 

growth rates and achieve greater sizes.  In contrast, stream networks that are already 

degraded or fragmented may be seriously threatened by wildfire as increases in water 

temperatures could exceed the limits of an organism.  A conservation strategy could 

be to work to keep stream networks intact and functioning as dynamic ecosystems, 

where under these circumstances, it appears fish have the capacity to persist in the face 

of environmental change caused by wildfire. 
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Month Year Mean Temp. SE Mean Temp. SE Mean Temp. SE Mean Temp. SE
July 1999 14.3 0.23 13.9 0.22 ~ 10.9 0.18

August 1999 15.4 0.18 15.5 0.16 ~ 11.2 0.12
September 1999 12.2 0.22 12.5 0.20 ~ 9.1 0.15

October 1999 8.8 0.23 9.0 0.21 ~ 6.4 0.18
November 1999 7.7 0.19 8.1 0.18 ~ 5.6 0.14
December 1999 5.6 0.17 6.2 0.16 ~ 4.0 0.13
January 2000 5.6 0.11 6.2 0.11 ~ 3.9 0.09
February 2000 6.3 0.07 6.9 0.07 ~ 4.5 0.06
March 2000 6.2 0.06 6.8 0.07 ~ 4.4 0.06
April 2000 7.8 0.09 8.4 0.09 ~ 5.8 0.08
May 2000 9.2 0.22 9.9 0.23 ~ 7.1 0.20
June 2000 11.6 0.25 12.3 0.26 ~ 9.7 0.26
July 2000 13.6 0.21 14.4 0.22 ~ 11.2 0.15

August 2000 14.2 0.21 15.0 0.21 ~ 11.2 0.16
September 2000 11.9 0.26 12.6 0.26 ~ 9.1 0.18

October 2000 9.0 0.22 9.6 0.23 ~ 6.8 0.18
November 2000 5.5 0.27 6.0 0.28 ~ 3.8 0.24
December 2000 5.5 0.10 6.0 0.10 ~ 3.8 0.08
January 2001 3.1 0.12 4.0 0.12 ~ 3.4 0.09
February 2001 3.0 0.17 3.9 0.17 ~ 3.3 0.13
March 2001 4.8 0.19 5.6 0.19 ~ 4.6 0.14
April 2001 5.4 0.24 6.3 0.23 ~ 5.1 0.18
May 2001 9.2 0.34 10.0 0.30 ~ 7.9 0.25
June 2001 11.1 0.22 11.6 0.22 ~ 9.4 0.17
July 2001 14.1 0.12 14.6 0.12 ~ 11.6 0.10

August 2001 14.5 0.19 15.5 0.19 ~ 11.6 0.12
September 2001 11.6 0.27 12.6 0.30 ~ 9.6 0.20

October 2001 7.5 0.22 8.3 0.22 ~ 6.6 0.16
November 2001 5.6 0.21 6.4 0.21 ~ 5.2 0.16
December 2001 4.4 0.09 5.2 0.09 ~ 4.3 0.07
January 2002 5.7 0.15 6.4 0.15 ~ 3.9 0.13
February 2002 5.8 0.10 6.5 0.10 ~ 4.0 0.09
March 2002 5.6 0.12 6.4 0.12 ~ 3.9 0.11
April 2002 7.2 0.11 7.9 0.11 ~ 5.2 0.09
May 2002 9.1 0.24 9.9 0.24 ~ 6.9 0.20
June 2002 12.3 0.26 13.1 0.26 ~ 10.0 0.21
July 2002 15.3 0.22 16.0 0.22 ~ 12.2 0.13

August 2002 14.2 0.20 15.0 0.20 ~ 11.2 0.11
September 2002 12.5 0.23 13.2 0.23 ~ 9.3 0.14

October 2002 8.4 0.22 9.2 0.22 ~ 6.3 0.19
November 2002 6.0 0.24 6.7 0.24 ~ 4.2 0.20
December 2002 6.0 0.13 6.7 0.13 ~ 4.2 0.11

Table A.1.  Mean monthly water temperatures (oC) in four headwater streams 
between 1999 and 2005.  Numbers in the 'SE' column represent ± 1 standard error 
of the mean.  The ~ symbol identifies missing data.

Limpy Creek Fairy Creek Panther Creek Cavitt Creek
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Month Year Mean Temp. SE Mean Temp. SE Mean Temp. SE Mean Temp. SE
January 2003 6.7 0.18 6.9 0.17 6.6 0.17 4.9 0.11
February 2003 5.5 0.24 5.8 0.22 5.5 0.22 4.1 0.14
March 2003 6.9 0.16 7.1 0.15 6.8 0.15 5.0 0.10
April 2003 7.2 0.12 7.4 0.11 7.0 0.11 5.2 0.07
May 2003 10.4 0.44 10.3 0.40 9.9 0.40 7.0 0.26
June 2003 16.0 0.29 15.4 0.26 14.9 0.25 10.2 0.15
July 2003 19.0 0.27 17.9 0.28 17.4 0.25 11.0 0.10

August 2003 18.3 0.12 17.6 0.12 16.9 0.12 11.1 0.06
September 2003 14.8 0.35 14.6 0.33 13.8 0.31 9.9 0.18

October 2003 10.9 0.36 11.1 0.33 10.4 0.32 8.4 0.17
November 2003 6.0 0.24 6.9 0.21 6.0 0.21 4.8 0.16
December 2003 6.5 0.15 6.8 0.16 6.5 0.13 4.5 0.08

Limpy Creek Fairy Creek Panther Creek Cavitt Creek

January 2004 5.8 0.11 5.9 0.14 5.8 0.10 4.3 0.08
February 2004 5.9 0.12 6.1 0.10 5.9 0.11 3.9 0.07
March 2004 6.9 0.13 6.7 0.10 6.8 0.11 4.3 0.08
April 2004 8.3 0.28 8.3 0.23 8.0 0.24 5.3 0.18
May 2004 10.9 0.15 10.7 0.14 10.6 0.13 7.3 0.09
June 2004 14.1 0.46 13.6 0.39 13.4 0.40 9.2 0.21
July 2004 18.8 0.22 17.8 0.22 17.6 0.21 11.8 0.17

August 2004 18.6 0.27 18.0 0.25 17.6 0.23 12.7 0.15
September 2004 13.9 0.29 13.9 0.26 13.5 0.25 10.2 0.16

October 2004 10.3 0.30 10.5 0.28 10.0 0.27 8.2 0.23
November 2004 6.4 0.26 6.8 0.25 6.2 0.26 5.4 0.19
December 2004 6.0 0.31 6.1 0.26 5.6 0.28 4.5 0.17
January 2005 4.9 0.27 5.2 0.23 4.6 0.23 3.4 0.18
February 2005 4.3 0.21 4.6 0.21 4.1 0.21 3.5 0.13
March 2005 6.9 0.12 7.1 0.11 6.7 0.12 4.7 0.10
April 2005 7.8 0.25 7.8 0.22 7.7 0.23 5.0 0.18
May 2005 10.4 0.25 10.3 0.21 10.4 0.22 7.4 0.16
June 2005 12.4 0.37 12.2 0.32 12.1 0.32 8.4 0.18
July 2005 18.1 0.25 17.2 0.24 17.1 0.24 11.4 0.17

August 2005 18.2 0.22 17.5 0.21 17.2 0.20 12.1 0.15
September 2005 13.1 0.32 12.8 0.29 12.7 0.29 8.7 0.20

October 2005 10.1 0.18 10.0 0.16 9.9 0.16 6.8 0.11
November 2005 7.0 0.22 7.2 0.20 7.2 0.20 4.9 0.13
December 2005 5.8 0.34 6.1 0.31 6.1 0.31 4.2 0.21  
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40-59 mm 60-79 mm 80-99 mm 100-119 mm 120-139 mm >140 mm
Stream Growth-Year Length Group Length Group Length Group Length Group Length Group Length Group

Cavitt Creek 2002 14 14 13 17 5 0
Fairy Creek 2002 4 14 21 12 11 0

Panther Creek 2002 8 22 12 10 6 2
Limpy Creek 2002 1 11 20 6 2 2

Cavitt Creek 2003 18 18 23 13 4 0
Fairy Creek 2003 3 16 13 15 21 7

Panther Creek 2003 1 20 14 15 11 10
Limpy Creek 2003 5 22 24 10 10 3

Cavitt Creek 2004 10 22 15 16 15 2
Fairy Creek 2004 0 19 19 13 12 4

Panther Creek 2004 0 6 26 7 4 7
Limpy Creek 2004 0 2 10 6 3 0

Table A.2.  Sample sizes of coastal cutthroat trout that age was determined for, organized by length at the start of their 
last complete year of growth.  Fish were captured between 2002 and 2004 in four headwater streams.  Age 1 fish were 
excluded from this summary because they began their last complete year of growth before their scales had formed.  
Sample sizes ≤ 2 were not used in the analysis. 

Sample Size
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Stream Growth-Year Age 1 Age 2 Age 3 Age 4
Cavitt Creek 2002 33 32 28 6
Fairy Creek 2002 36 37 23 3

Panther Creek 2002 33 43 17 0
Limpy Creek 2002 37 33 9 0

Cavitt Creek 2003 22 35 34 11
Fairy Creek 2003 33 26 40 8

Panther Creek 2003 32 33 26 12
Limpy Creek 2003 20 48 22 4

Cavitt Creek 2004 35 39 36 5
Fairy Creek 2004 42 39 25 3

Panther Creek 2004 55 37 11 2
Limpy Creek 2004 59 19 2 0

Sample Size

Table A.3.  Sample sizes of coastal cutthroat trout that age was 
determined for, organized by age at capture.  Fish were captured 
between 2002 and 2004 in four headwater streams.  Sample sizes ≤ 2 
were not used in the analysis. 
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