DROUGHT AND TROUT - SOMETIMES LESS IS MORE
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Abstract
Drought has generally been associated with negative impacts to fish communities, as a result of cessation of flow, increased temperature, competition, and susceptibility to predation.  In this study, we look at seven years of data on several high elevation trout streams in the southern Rocky Mountain ecoregion.  The water year 2002 produced the lowest spring snowmelt runoff for the period of record in these systems (8% to 24% of average).  Density and size structure of trout populations were compared to yearly peak runoff flow.  Total trout density and density of trout ( 2+ were most often negatively correlated with spring snowmelt runoff in these systems.  Density of YOY and age 1+ were not negatively correlated with runoff to the extent that was expected. 

Introduction
The structuring of aquatic communities through abiotic (e.g., flow, temperature, oxygen) and biotic (e.g., predation, competition) processes and the relative importance of each process has been a long debated issue in aquatic ecology (Allan 1995).  Much of the attention associated with abiotic factors structuring aquatic communities has centered on the flow regime, especially the frequency and predictability of high flow events (Poff and Ward 1989).  Flooding has been shown to decrease densities of stream fish, especially YOY and age 1+ fish (Seegrist and Gard 1972, Anderson and Nehring 1985, Schlosser 1985, Nehring and Anderson 1993)

The effects of drought on trout density have been less well studied.  Drought is generally considered to have negative effects on trout densities due to cessation of flow, increased temperature, competition, and increased susceptibility to predation.  Extended drought was believed to be the cause for a significant decrease in brook trout abundance in a Wyoming stream (Binns 1994), the elimination of brook trout in the upper reaches of a California stream (Erman 1986), variation in YOY rainbow trout recruitment in an Appalachian stream (Freeman et al. 1988), and variation in brown trout recruitment in Pennsylvania streams (McFadden and Cooper 1962).  However, evidence for the negative effects of drought in these studies was largely anecdotal.

In 2002, severe drought conditions existed throughout much of the western United States and the snowmelt runoff period was characterized by extremely low flows.  During routine biomonitoring conducted by the authors, densities of resident trout (excludes stocked trout) in several streams appeared to be higher than during previous years of higher runoff.  It had been observed that years of higher than normal runoff appeared to result in lower densities of trout, especially younger age classes, as had been previously reported in the literature. We hypothesized that density of trout in Rocky Mountain streams would demonstrate a strong inverse relationship with peak spring runoff flow, with lowest densities being observed in years of high flow, as has been observed by others, and highest densities would be observed in years of low flow, which has not been widely documented.

Study Area
A total of eight sites were used in this analysis from two watersheds in the southern Rocky Mountain ecoregion (Omernik 1987).  Four sites were in the Red River basin in north-central New Mexico.  Two sites were on the mainstem of the Red River and two sites were on tributaries to the Red River (Columbine Creek and Middle Fork of the Red River).  The most upstream site in the Red River study area is at an elevation of 2,706 m while the downstream site has an elevation of 2,155 m.  The dominant resident trout species in the basin is Salmo trutta, with  Oncorhynchus clarki, Salvelinus fontinalis, and O. mykiss x O. clarki hybrids also present.  

Four sites were located in the upper Arkansas River basin in central Colorado.  The most downstream site was located on the mainstem of the Arkansas River at 2,963 m.  Two sites were located on the East Fork, an upper tributary of the Arkansas River, at elevations of 3,018 m and  3, 030 m. The final site was located on Tennessee Creek, also an upper tributary, at an elevation of  2,999 m.  The dominant resident trout species is S. trutta with S. fontinalis also present.
The eight sites were chosen because: 1) they had a relatively long-term, annual fisheries data base associated with them (five to seven years), 2) all sites are minimally impacted from anthropogenic stress and are used as reference sites in routine biological monitoring programs, and 3) all sites have natural flow regimes with no impoundments and minimal water withdrawals (i.e., little agricultural, industrial, or municipal water use) associated with them.  

Methods
Fisheries data were collected using either bank or backpack electrofishing gear and a multiple pass removal method in late-summer or early fall.  Population estimates were calculated using the maximum likelihood estimator in the (Microfish( program developed by the U.S. Forest Service (Van Deventer and Platts 1983, 1989).  All fish sampled were identified, counted, measured for total length, weighed, and released.  This sampling provided estimates of density and age-structure of the trout community that are used in this analysis.

Flow statistics were based on USGS gaging station records from the Red River near Questa, NM (USGS gage 08265000) and from the Arkansas River near Leadville, CO (USGS gage 07081200).  

Relationships between trout density and peak runoff flows were analyzed by examining the relationships between YOY density, 1+ density, ( 2+ density, and total density with the highest average monthly flow (peak flow) during the runoff period, based on an average of each days flow.  Peak flow generally occurs in May or June in these systems.  Relationships between trout density and peak flow were analyzed using the nonparametric Spearman rank correlation (Zar 1999).  The nonparametric correlation analysis was chosen due to both density and flow variables not being normally distributed for many of the sites.  Correlations were considered significant at p < 0.05.  

In addition to the Spearman Rank correlation, each relationship was examined graphically with scatter plots in order to determine visually to what degree the density and flow parameters fit or did not fit our hypothesized relationship (Fig. 1).  For example, a site with seven years of data would be expected to have the highest density (rank 7) associated with the lowest flow (rank 1) and follow a negative linear trend (density rank 6 with flow rank 2, etc.).  To determine the overall fit of the data to our hypothesis, the number of points either on the line or within one point of the line was divided by the total number of data points to determine the percentage of the data that fit with our hypothesis.  We believe that a rank within one unit of the line still demonstrates a close fit and was considered in agreement with the hypothesis.  We chose a 70% fit of the data to signify (biological significance( and be in agreement with the hypothesis.    

Figure 1.  Hypothesized relationship between trout density and peak flow ranks. 
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Results
Peak flow in the southern Rocky Mountains is highly variable.  In 2002, the lowest measured flow on record was observed in both systems, with 78 years of data for the Red River and 35 years of data for the Arkansas River.  Peak flow on the Red River was only 7.6% of the average peak flow in 2002, while peak flow in 1997 was 43.7% higher than average (Table 1). Peak flow on the Arkansas River varied from 24.1% of average in 2002 to over twice the average in 1997 (Table 1).  

Red River

The highest total resident trout density observed occurred in 2002 at three of the  four Red River basin sites (Table 2), corresponding to the year of the lowest peak runoff flows. At the most upstream mainstem Red River site, highest densities were observed in 2000, the second lowest runoff year recorded during sampling.  Three sites had the lowest total resident trout densities in 1999 while Columbine Creek had the lowest trout density in 1997.  The highest runoff recorded was in 1997, but only two of the four sites were sampled in 1997. 

The upstream Red River site and the Middle Fork site showed significant negative correlations between YOY resident trout density and flow (rs = -0.89 and -0.90, p = 0.01 for each site, respectively). 

For density of age 1+ resident trout in the Red River basin, the downstream Red River site had a significant negative correlation (rs = -0.90, p = 0.04) between density and

peak flow.  Density of resident trout age 2+ or older showed a significant negative correlation at the upstream mainstem Red River site (rs = -0.89, p = 0.01). 

Table 1.  Peak flow (cfs) for the Arkansas River, CO, and Red River, NM, for years when fisheries data have been collected, and long term-mean over the period of record. 

	Year
	Red River
	Arkansas River

	1994
	--
	282

	1996
	--
	503

	1997
	227
	707

	1998
	104
	--

	1999
	186
	392

	2000
	38
	--

	2001
	152
	241

	2002
	12
	83

	2003
	81
	269

	Long-term Mean
	158
	345


Table 2.  Resident trout density (#/ha) from the Red  River basin 1997 - 2003.

	Year
	Upper Red River
	Lower Red River
	Middle Fork
	Columbine Creek

	1997
	579
	--
	--
	731

	1998
	1586
	--
	--
	747

	1999
	436
	699
	1165
	1170

	2000
	3551
	2240
	4139
	3459

	2001
	906
	1810
	1647
	1178

	2002
	2726
	2471
	9237
	6052

	2003
	1137
	2237
	2125
	1310

	Mean
	1560
	1891
	3663
	2092


When total density of resident trout was analyzed, the upstream and downstream mainstem Red River sites showed significant negative correlations between total resident trout density and peak flow (rs = -0.99 and -1.00, p > 0.01 for both, respectively).  Columbine Creek also had a significant correlation (rs = -0.78, p = 0.04). The Middle Fork site exhibited a perfect negative relationship (rs = -1.00, p < 0.01).  

When densities were averaged for all Red River basin sites, significant negative correlations were observed between peak flow and YOY density (rs = -0.89, p = 0.01), age 2+ and older density (rs = -0.86, p = 0.01), and total density (rs = -0.96, p < 0.01).

A total of 11 of the 20 correlations between trout density parameters and peak flow had a significant negative correlation associated with them.  When observing the scatter plots of the ranks of resident trout density and the ranks of peak flow (Table 3), 15 of the 20 comparisons had data which fit our hypothesis over 70% of the time (i.e., data points were on the predicted line or within one unit of the line), indicating better performance than the Spearman rank correlations.  Mean density for all sites performed well for YOY, (2+, and total density (Fig. 2).

Table 3.  Percentage of data points falling on or within one unit of the predicted density-peak flow line for the Red River basin data and the mean of all Red River basin sites for YOY, age 1+, age 2+ or older, and total density.

	Site
	YOY
	1+
	(2+
	Total

	Upper Red River
	100%
	43%
	100%
	100%

	Lower Red River
	20%
	100%
	100%
	100%

	Middle Fork
	100%
	80%
	60%
	100%

	Columbine Creek
	57%
	71%
	71%
	86%

	Mean Density           

	86%
	43%
	86%
	100%


Arkansas River 

The highest resident trout density observed occurred in 2002 at all four of the Arkansas River sites (Table 4).  This corresponds to the year of the lowest peak flow.  The lowest resident trout densities observed were more variable.  For the mainstem Arkansas River site, the lowest density was observed in 1996, the year with the second highest flow recorded in a year when this site was sampled.  The most upstream site on the East Fork has the lowest resident trout density in 1994, a relatively low runoff year. The downstream East Fork site had its lowest density in 1999, a slightly above average runoff year.  Tennessee Creek had the lowest density in 1997, the highest runoff year during the period sampled.

Figure 2. Scatter plots of mean YOY, 1+, (2+, and total trout density rank and peak flow rank for all Red River sites.  ( = data point does not fit hypothesis.
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The downstream East Fork site showed a significant negative correlation between YOY density and flow (rs = -0.94, p < 0.01).  For density of age 1+ brown trout in the Arkansas River basin, three of the four sites demonstrated significant negative relationships between density and peak flow.  The downstream East Fork site and the Tennessee Creek site had identical correlations (rs = -0.83, p = 0.04).  The mainstem Arkansas River was also significant (rs = -0.93, p < 0.01).

Density of brown trout (2+ showed a significant negative correlation  at the mainstem Arkansas River site (rs = -0.93, p < 0.01) and the upstream East Fork site (rs = -0.83, p = 0.04).  When total density of resident trout was analyzed, the mainstem Arkansas River site and the downstream site on the East Fork showed significant negative correlations between total resident trout density and peak flow (rs = -0.79 and -0.89, p = 0.04 and 0.02, respectively).  When densities were averaged for all Arkansas River basin sites significant negative correlations were observed between peak flow and 1+ density (rs = -0.86, p = 0.01), (2+ density (rs = -0.93, p < 0.01), and total density (rs = -0.93, p < 0.01).

Table 4.  Brown trout density (#/ha) from the Arkansas River basin 1994 - 2003.

	Year
	Arkansas River
	Upper East Fork
	Lower East Fork
	Tennessee Creek

	1994
	976
	1215
	1730
	3057

	1996
	890
	--
	--
	--

	1997
	982
	1802
	1252
	898

	1999
	1239
	1422
	1238
	1648

	2001
	1388
	2034
	1847
	2045

	2002
	2993
	2492
	3084
	4019

	2003
	1414
	1536
	1879
	1292

	Mean
	1412
	1750
	1838
	2160


A total of 11 of the 20 correlations between trout density parameters and peak flow had a significant negative correlation associated with them.  When observing the scatter plots of the rank of brown trout density and the rank of peak flow (Table 5), 13 of the 20 comparisons had data which fit our hypothesis over 70% of the time, indicating slightly better performance than the Spearman rank correlations (Fig.  3).  

Discussion
In general, the analysis of various trout density parameters and peak flow agreed with our hypothesis.  However, some results were surprising.  For the Arkansas River basin sites, YOY density was not affected to the extent that the older age classes and total density were.  For the Red River basin sites, YOY, age 2+ and older, and total density were more likely to be affected than age 1+. 

The reasons for these differences are not clear.  In order to verify that the observed relationships were not artifacts of the varying stream size (i.e., stream widths smaller in low runoff years, stream widths wider in high runoff years), Spearman correlation analysis was used to identify trends between stream width at time of sampling, area sampled, and peak flow.  Of the 20 possible correlations, peak flow and stream width were only significantly correlated at the Middle Fork and upper mainstem Red River site (rs = 0.81 and 0.69, p = 0.04 and 0.02).  Sample area was not significantly correlated with peak flow at any site.  All analyses were also conducted using fish density expressed as number of fish/km in order to remove any area effect.  Results were nearly identical as density expressed as number of fish/ha for all analyses. 

Table 5.  Percentage of data points falling on or within one unit of the hypothesized density-peak flow line for the Arkansas River basin data, and the mean of all Arkansas River basin sites for YOY, age 1+, age 2+ or older, and total density.

	Site
	YOY
	1+
	(2+ 
	Total

	Arkansas River
	43%
	100%
	100%
	71%

	Upper East Fork
	50%
	17%
	83%
	67%

	Lower East Fork
	100%
	83%
	83%
	100%

	Tennessee Creek
	33%
	83%
	83%
	67%

	Mean Density
	57%
	86%
	100%
	100%


Figure 3.  Scatter plots of mean YOY, 1+, (2+, and total trout density rank and peak flow rank for all Arkansas River sites.  ( = data point does not fit hypothesis.
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 Sites with greater habitat complexity may allow for greater resistance to flooding (Pearsons et al. 1992).  The same habitat complexity may also alleviate the affects of drought (Binns and Remmick 1994) by providing more deep water habitats.  Habitat data was not available for all years the sites were sampled.  However, sites were chosen to be representative of average habitat conditions within the reach.  This may partly explain the increases in density of older fish during drought years. While stream width was not significantly correlated with peak flow, the flow at time of sampling was significantly correlated with peak flow for both the Arkansas River and Red River sites (r = 0.81 and 0.91, p = 0.03 and < 0.01, respectively).  In years of low flow, larger fish may move into areas of better habitat, resulting in decreases in density in areas of poor habitat, which were not sampled.

Preliminary investigations have also demonstrated that trout density in streams with more regulated flows associated with water storage reservoirs or irrigation withdrawals do not demonstrate strong  correlations with flow variables.  This is most likely due to a dampening of the flow regime and more stable flow conditions (i.e., lower peak flow, higher low flow conditions).    

This analysis suggests that in extremely low runoff years, trout density responds in a positive direction.  This may be coincidental carryover from previous strong age-classes or (repositioning( of adult fish from marginal habitats along with an actual gain in YOY trout.  In 2002, the lowest flow on record, most of the sites had the highest YOY densities observed.  When flows were well above average, YOY densities were generally among the lowest observed.  The pattern generally did not fit as well during years of intermediate flows, suggesting density is controlled by other factors during intermediate peak flow years.  

Drought, like flooding, is a natural phenomena which has been part of the evolutionary history of fish species throughout the temperate regions of the world.  Trout have developed both resistance and resilience mechanisms to overcome problems associated with extremes in flow.      
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