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We studied variation in productivity in headwater reaches of the Wenatchee subbasin for 
multiple field seasons with the objective that we could develop methods for monitoring 
headwater stream conditions at the subcatchment and stream levels, assign a landscape-
scale context via the effects of geoclimatic parameters on biological productivity 
(macroinvertebrates and fish) and use this information to identify how variability in 
productivity measured in fishless headwaters is transmitted to fish communities in 
downstream habitats.  In 2008, we addressed this final objective. 
 
In collaboration with the University of Alaska Fairbanks we found some broad 
differences in the production of aquatic macroinvertebrates and in fish abundance across 
categories that combine the effects of climate and management intensity within the 
subbasin (ecoregions).  From a monitoring standpoint, production of benthic 
macroinvertebrates was not a good predictor of drifting macroinvertebrates and therefore 
might be a poor predictor of food resources available to fish.  Indeed, there is 
occasionally a correlation between drifting macroinvertebrate abundance and fish 
abundance which suggests that headwater-derived resources are important.  However, 
fish in the headwaters appeared to be strongly food-limited and there was no evidence 
that fishless headwaters provided a consistent subsidy to fish in reaches downstream. 
 
Fish abundance and population dynamics in first order headwaters may be linked with 
similar metrics further down the watershed.  The relative strength of local dynamics and 
inputs into productivity may be constrained or augmented by large-scale biogeoclimatic 
control. Headwater streams are nested within watersheds, which are in turn nested within 
ecological subregions; thus, we hypothesized that local effects would not necessarily be 
mutually exclusive from large-scale influence.  To test this we examined the density of 
primarily salmonid fishes at several spatial and temporal scales within a major sub-basin 
of the Columbia River and associations of density with ecoregion and individuals 
drainages within the sub-basin.  We further examined habitat metrics that show positive 
associations with fish abundance to see if these relationships varied at larger spatial 
scales.   
 
We examined the extent to which headwater fish density and temporal variation in 
density were correlated between the headwaters and the main tributaries of the sub-basin, 
and the influence of ecoregion influence on density differences, particularly at wider 
temporal scales.  Finally, we examined demographic parameters such as growth and 
emigration to determine whether density-dependence differs among ecoregions or 
whether responses were more strongly influenced by the demography of the local fish 
population.   



 
 
 Methods 
Study System 

The Wenatchee River sub-basin is a major tributary of the Columbia River and 
drains the eastern Cascade Mountains of Washington State, USA, flowing through two 
major ecological subregions (ESRs; Hessburg et al. 2000).  These two ESR’s (ESR 4: 
high elevation, cool, moist; ESR 11: dry, warm, low elevation) comprise most of the land 
area of the Wenatchee National Forest and show differences in geology and climate 
(Hessburg et al., 2000; Hessburg et al., 2004).  Work for the present study focused on the 
measurement of density, growth rates and migration of fish in headwater tributaries of the 
Little Wenatchee River, Mission Creek, Nason Creek, Peshastin Creek, and White River 
drainages (Table 1).  These five drainages have also been surveyed for fish abundance by 
the Integrated Status and Effectiveness Monitoring Program (ISEMP 2004) and as part of 
other studies (e.g., Polivka et al, in review; Polivka et al. unpublished data).   
 
Variation in fish abundance across landscape categories 

To determine whether commonly used metrics of fish abundance are applicable in 
headwater streams and whether these metrics indicate patterns at the landscape scale, we 
conducted visual surveys of fish abundance in reaches (30-103 m) of 2-4 headwater 
streams per study drainage (Table 1).   However, in this study system the size and 
physical structure of the stream limited effective visual confirmation of species identity; 
therefore, we began sampling by electrofishing after one set of visual surveys.  We 
sampled 2-14 pools within the reach and marked the pools with flagging, in order to use 
the same set of microhabitats for mark-recapture studies (see below). Basic physical 
information (length, width, depth, temperature (ºC), flow (m/sec)), and general 
descriptions (i.e. substrate, amount of debris, location) of each pool were recorded for 
each pool.  Fish were identified and enumerated in the visual censuses.  Size class data 
(standard length, SL, and mass) were measured and recorded during electrofishing 
surveys.  For additional information on total fish abundance and for later comparisons 
among ecoregions and local habitat features, we included extra headwater sites in the 
White (South Canyon Creek), and Peshastin (Tronsen and Ruby Creeks) drainages. 
 
Fish movement and performance 

To determine whether performance in the headwaters varies due to biogeoclimatic 
influences (ESR-scale), and whether it predicts fish abundance in main tributaries, we 
used mark and recapture methods to measure movement and growth.  Captured fish were 
held in buckets of fresh stream water until the completion of electrofishing. After each 
stream had been sampled one or two times, we began marking the captured fish with a 
small, subcutaneous injection of visual implant in addition to measuring and weighing the 
fish.  

To identify whether demographic parameters such as short term movements 
(emigration) among individuals varied among individuals and geographic location, we 
returned to the site the day after marking the fish.  Any fish recaptured were noted, along 
with their location of recapture relative to initial capture.  New fish caught at the site the 
second day were marked and measured as before.  We sampled the sites a third time over 



a range of 18-51 days from initial capture to determine individual growth rates, and 
additional movements into and out of the habitat.   

 
Does abundance observed in the main tributaries parallel abundance in the headwaters?  

To determine whether variation in fish population dynamics and individual 
growth in the headwaters was a predictor of variation in population density in the main 
tributaries, we performed visual surveys by snorkeling in each major tributary of the 
study system: Mission Creek, Peshastin Creek, the Little Wenatchee River, Nason Creek, 
and the White River.   
 
Data Analysis 
 Headwater fish abundance data collected in 2008 were combined with data 
collected in an identical manner in 2006 and 2007 (Green et al. in prep) at the same study 
sites.  Snorkel data in the main tributaries were also collected in the earlier years: in 
Nason Creek in 2007 and in the Little Wenatchee and White Rivers in both 2006 and 
2007.  Data for other streams were obtained from snorkel observations made by a multi-
agency entity conducting similar monitoring under the Integrated Status and 
Effectiveness Monitoring Program (ISEMP).  In all cases, fish abundance data were 
standardized to total abundance of fish/m2.  The following analyses were conducted for 
2008 sampling only and then compared with a second set of analyses that included all 
samples from 2006-2008. 
 To determine whether fish abundance showed similar patterns across a wide 
hierarchy of spatial scales (headwater, drainage, ecoregion), we used a series of one way 
analyses of variance (ANOVAs).  We then repeated the analysis including the 2006 and 
2007 data in the average for each headwater.  To determine whether drainages show 
differences in abundance within ecoregions, we compared mean fish density for all five 
drainages in a single one way ANOVA.   
 We calculated per capita emigration rates for fish in each of the headwater 
streams based on the one-day mark and recapture analysis.  We compared emigration 
rates between dry and wet ecoregion streams using analysis of covariance (ANCOVA) 
with initial population density as the covariate.  We also used ANCOVA to compare 
growth rate between ecoregions with initial size of individuals as the covariate to account 
for size-dependent growth.  
 
Results and Discussion 
  
Spatial scale and fish density 

In 2008, average total fish density was greater in headwaters and associated main 
tributaries in the dry ecoregion than in the wet (F1,11 = 11.00, p = 0.007; Fig. 2a).  
Including samples from 2006 and 2007 taken at the same set of sites still results in a 
significant difference but with a slightly lower ratio of variance explained (F1,11 = 6.06, p 
= 0.032, Fig. 2a).  Comparison of mean headwater fish abundance across the five separate 
drainages indicates that the high abundance in the dry ecoregion is due to consistently 
high abundance in the Mission Creek drainage (Tukey’s pairwise comparisons) both in 
2008 (F4,8 = 16.29, p = 0.001) and with 2006-2008 (F4,8 = 34.63, p = < 0.0001) data 
combined (Fig. 2b). These results are consistent with our hypothesized differences in fish 



production across broad geoclimatic regions with the surprising result that Mission Creek 
and its associated headwater streams had the highest abundance of fish despite its heavy 
land use and anthropogenic disturbance (e.g., Andonaegui 2001). 
 Landscape-scale patterns in fish abundance (associations with ecoregion) might 
be influenced by population dynamics within drainages or reaches of headwater streams 
that are transmitted down to larger rivers (Labbe and Fausch 2000).  Mean headwater fish 
density predicted main tributary density in each of the five major study drainages across 
the whole season, with marginal statistical significance (F1,3 = 9.30, p = 0.055, r2 = 0.68; 
Fig. 3a).  Adding 2006 data from the two drainages that had applicable observations 
strengthened the statistical significance of the relationship, but left about the same 
amount of unexplained variation (Fig. 3b; F1,5 = 13.15, p = 0.015, r2 = 0.67). 

 
Local habitat features and watershed-scale variability 

Most studies of fish abundance examine the influence of physical habitat features 
and their variation across a given region (e.g., Gorman and Karr 1978, Angermeier and 
Karr 1984).  Using the average number of pools/30 m to link physical habitat availability 
with fish density, we observe a typical positive relationship (F1,10 = 24.55, p < 0.0001, r2 
= 0.68; Fig. 4).  Inspection of the data reveals a separation in total abundance between 
dry ecoregion and wet ecoregion streams, consistent with the pattern in overall density.  
Thus, it appeared that reaches in the dry ecoregion with a given number of pools have 
higher fish density than predicted by the subbasin-wide relationship.  However, residual 
analysis shows that although dry ecoregion streams had higher residuals, this trend is not 
statistically significant (two-tailed t = 1.21, p = 0.26, df = 9).  Furthermore, this metric of 
habitat availability does not predict fish abundance within either ecoregion, when 
considered separately (wet: F1,5 < 0.001, p = 0.959; dry: F1,3 = 1.93, p = 0.259, r2 = 0.19). 
This trend toward different responses to pool number by fish populations within each 
ecoregion is interesting, but more detailed study is required to determine whether this is 
due to actual differences in habitat availability, or due to behavioral differences among 
the species that dominate the respective assemblage of each ecoregion (i.e., cutthroat 
trout vs. rainbow trout).  Pool abundance is associated with fish abundance in many 
systems of this region and the upstream limit of fish distribution in low order streams 
often coincides with a substantial drop in the number of pools for a given length of 
stream (Latterell et al. 2003). 
 In the 2008 study, the observed variability in fish abundance across time was 
moderate in the headwaters (Coefficient of Variation (CV) = 0.28-0.53) and considerably 
higher in the corresponding main tributaries into which the headwaters drained (CV = 
1.14-2.43).  Where average headwater density was more variable, main tributary density 
was also more variable (Spearman r = 0.90; p = 0.037; Fig. 5a, Table 2).  However, when 
we examined fluctuations in average density over longer time periods (2006-2008), there 
was a similar pattern, but no correlation between the upper and lower parts of the 
watersheds (Spearman r = 0.20; p = 0.75; Fig. 5b).  Within the wet ecoregion, the 
headwaters of the three main watersheds examined differed as much as two-fold in the 
temporal variability in fish abundance suggesting strong influence of local factors on fish 
production through time.  Because data are pooled for entire watersheds within the sub-
basin (N = 5), we only report descriptive statistics for the comparison among ecoregions.  
At both temporal scales, the CV in abundance was higher in the wet ecoregion (Table 2), 



but, especially within 2008, similarly high variation in abundance in the main tributaries 
of the wet ecoregion was maintained across a nearly two-fold range in variability in the 
associated headwaters; thus temporal variation in abundance is not necessarily 
homogeneous within ecoregions. 
 
Variation in response of demographic parameters 

Growth and movement showed a strong local influence despite some overall 
ecoregion effects.  One-day emigration rates showed clear differences between the wet 
and dry ecoregions, verifying the difference in average density (ANCOVA; F1,5 = 7.90, p 
= 0.037) and in the proportion of emigrants (F1,5 = 10.08, p = 0.025).  Reaches in the wet 
ecoregion were up to 2.5 times as likely to be vacated by individual fish as dry ecoregion 
reaches at similar densities (Fig. 6a).  Despite very low sample size (emigration averaged 
for each stream, N = 4 per ecoregion), rates appear to converge upon 0.80 in the wet 
ecoregion and 0.65 in the dry ecoregion.  In most cases, emigrants tended to be larger 
than the source population in the dry ecoregion and smaller than the source population in 
the wet ecoregion, but this relationship was confounded by low emigration from South 
Shaser Creek (dry ecoregion) that included the smallest individual observed at the site.  
Nevertheless, the size of emigrants appeared to be primarily under local control across 
ecoregions; the mean size of the emigrant population was significantly predicted by the 
size of the source population (F = 5.80, p = 0.05, r2 = 0.41; Fig. 6b).  These results 
suggest both lower carrying capacity (due to the significant effect of population density) 
and higher tendency for movement.  Further examination is required to assess the role of 
physical habitat features (Green et al. in preparation), and possibly whether the high rate 
of foraging-related movement reported for some subspecies of O. clarki (Young 1996) is 
applicable in this study system, particularly compared to the dry ecoregion O. mykiss.  
Because the emigrant population reflected the size structure of the original population, 
we conclude that local habitat conditions affecting residence time do not favor movement 
in any particular size class, which is unexpected under biotic interactions such as 
competition (Rodriguez 2002) and predation risk (e.g. Clark 1994, Byström et al. 2003, 
DeRobertis 2003, Scheuerell and Schindler 2003). 

Similarly the intrinsic effect of initial size of individuals was a stronger 
determinant of growth rate.  We recaptured a total of 21 fish from dry ecoregion 
headwater streams and 14 from the wet ecoregion streams ranging from 18-51 days after 
the first capture.  Average daily growth rate was around 2X higher in the dry ecoregion; 
however only the initial size effect was significant in the ANCOVA (ecoregion: F1,32 = 
0.94, p =0.34; initial size: F1,32 = 35.26, p < 0.001; Fig 7a).  The linear decline of growth 
rate with initial size was especially apparent in individuals < 100 mm SL, but was much 
more variable for individuals > 100 mm (Fig. 7b).  For individuals > 100 mm SL, growth 
was higher in the dry ecoregion and ecoregion had greater explanatory power than initial 
size, but was only marginally significant (ecoregion: F1,15 = 3.10, p =0.099; initial size: 
F1,15 = 2.95, p = 0.107; Fig. 7b). 

Larger individuals are predicted to take fewer foraging risks (e.g. Clark 1994, 
Byström et al. 2003) depending on condition and in our study system, individuals > 100 
mm may have been more variable in foraging effort relative to smaller size classes due to 
high variability in condition among individuals (Polivka unpublished manuscript).  
Further examination of condition index (Alofs and Polivka 2004, Polivka 2007), 



emigration rates and growth should help quantify the influence of intrinsic or local 
factors such as population structure, individual condition, and biotic interactions.  
Nevertheless, it appears that local dynamics are strongly influential over demographic 
processes. 

 
Conclusions 

Landscape-scale studies of fish populations have shifted from the interaction 
between habitat-relationships across large spatial scales (Schlosser 1995) to the 
recognition that top-down spatial control primarily determines the available component 
species of fish assemblage structure (e.g., Marsh-Matthews and Matthews 2000).  We 
found that local environmental input determined population dynamics of the primary 
species, which has been found in other study systems (e.g., Bisson et al. 2001, Wang et 
al. 2006, Fischer and Paukert 2008). For stream macroinvertebrates, ecoregions appear to 
explain a large portion of the variation in several metrics of taxonomic composition, but 
that variation in total density is more attributable to local factors (Li et al. 2001, Mykra et 
al. 2004).  Although we did not perform nested ANOVA to assign variance specifically, 
it appears that fish abundance in our study can be described similarly.  Landscape-scale 
factors result in a wet ecoregion fish fauna dominated by O. clarki and a dry ecoregion 
fauna dominated by O. mykiss in addition to placing limits on total abundance.  After 
regional factors filter out species assemblages, local dynamics such as demography and 
response to physical habitat features result in differences in variability (e.g., Keenen et al. 
2005, Fischer and Paukert 2008). 
 This study considered different metrics of fish abundance at multiple spatial 
scales in a single field season and most of the findings were supported when we added 
data from previous years.  With two ecoregions and a total of five drainages, the broad 
meta-analyses that averaged several samples across time were limited to relatively low 
sample size.  Nevertheless, overall fish abundance and species occupancy (cutthroat trout 
vs. rainbow trout) were generally associated with biogeoclimatic context (ecoregion) and 
drainage location.  Specific population dynamics such as growth and emigration were 
more related to intrinsic factors such as existing demography (e.g., Figs. 6b and 7b).  
More detailed information on each parameter (emigration, growth, density-dependence), 
particularly related to metrics of habitat quality and food availability (Green et al. in 
preparation) will enable a better understanding of how local environmental factors might 
be linked to landscape influence (Fisher and Paukert 2008) and, thus, how these two 
spatial scales interact to determine fish abundance.
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Table 1. Study streams and their geographic distribution, including their association with 
a major drainage of the Wenatchee River sub-basin. 
 
 
Ecological Subregion  Drainage   Headwater 
 
Wet    Little Wenatchee River Ninemile Creek  
        Soda Creek 
    White River   Panther Creek 
        Dirtyface Creek 
        South Canyon Creek * 
    Nason Creek   Gill Creek 
        Mill Creek 
 
Dry    Mission Creek   Devil’s Gulch 
        Little Camas 
    Peshastin Creek  Middle Shaser 
        South Shaser 
        Ruby Creek * 
        Tronsen Creek * 
 
* Stream visited only during initial population censuses; not used in mark-recapture 
study. 
 



Table 2. Coefficient of variation (CV) in mean fish abundance averaged across several 
locations and sampling occasions for both headwaters and associated major drainage. 
 
 
Drainage   CV abundance headwaters CV abundance main trib. 
 
a) 2008 data only* 
 
Little Wenatchee River 0.292    1.980 
  
White River   0.538     2.431 
 
Nason Creek   0.412    2.024 
 
Mission Creek   0.397    1.684 
      
Peshastin Creek  0.280     1.142 
 
b) 2006-2008** 
 
Little Wenatchee River 0.627     2.266 
 
White River   0.491    1.665 
 
Nason Creek   0.651    1.458 
 
Mission Creek   0.563    1.684 
      
Peshastin Creek  0.496    1.100 
______________________________________________________________________ 
* Spearman r = 0.90; p = 0.037 
** Spearman r = 0.20; p = 0.75



 
 
FIGURE LEGEND 
 
Figure 1. Map of Wenatchee Subbasin with ecological subregions (wet/dry) and main 
tributaries highlighted. 
 
Figure 2. (a) Mean population density per ecoregion in 2008 (shaded) and with 2006-
2008 data combined (clear); (b) Mean fish density (fish/m2) per study drainage in 2008 
(shaded) and with 2006-2008 data combined (clear). 
 
Figure 3. (a) Mean headwater density (fish/m2) per drainage in relation to the mean 
drainage density (fish/m2) for data collected at all five study drainages (Table 1) in 2008; 
(b) Combined 2008 mean headwater density (fish/m2) per drainage in relation to the 
mean drainage density (fish/m2) for data collected at all study drainages with data from 
two of the same drainages in 2006. 
 
Figure 4. Average number of pools per 30 meters and the average fish density (fish/m2) in 
headwater streams of the wet (N = 7) and dry (N = 5) ecoregions. 
 
Figure 5. (a) Coefficient of variation of fish density (fish/m2) in the headwaters and 
coefficient of variation of fish density (fish/m2) in the main tributaries (Table 1) in 2008; 
(b)  Coefficient of variation of fish density (fish/m2) in the headwaters and coefficient of 
variation of fish density (fish/m2) in the main tributaries through 2006-2008 (see Table 2 
for statistics). 
 
Figure 6. (a) Mean emigration rate in wet ecoregion (open squares) and dry ecoregion 
(diamonds) in 2008; (b) Mean standard length (mm) of fish populations and the mean 
standard length (mm) of emigrants region-wide in 2008. 
 
Figure 7. (a) Mean growth rates (mm/day) of fish in the dry ecoregion and wet ecoregion 
in 2008; (b) Growth rate (mm/day) of individual recaptured fish corresponding to initial 
standard length (SL).
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig.6
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