An experimental evaluation of altitudinal species zonation patterns in montane streams: do ABIOTIC or BIOTIC factors determine the distribution of native and nonnative trout in Utah, USA, rivers?
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Introduction

Patterns of species replacement commonly occur along altitudinal gradients in montane streams.  In Utah, introduced brown trout (Salmo trutta) replace threatened cutthroat trout (Oncorhynchus clarki utah) progressively from headwater to downstream reaches.  Three hypotheses regarding causes of species-zonation patterns are applicable to montane streams, where thermal gradients parallel elevation.  First, fish only establish where their physiological tolerance permits (Moyle and Light, 1996).  Thus, zonation patterns reflect the response of species to the arrangement of suitable temperatures along the gradient.  Second, condition-specific competition (Dunson and Travis, 1991) between upstream and downstream species confers invasion resistance to either one at temperatures near their optima.  Therefore, one species dominates under warm- while the other does under cold-temperature conditions (DeStaso and Rahel, 1994; Taniguchi and Nakano, 2000); zonation is due to interactions mediated by physiology.  Third, the distribution of one species is limited by temperature and the other by competition with the former.  Though experimental data addressing these hypotheses are generally lacking, distinguishing between them has implications for native fish conservation.  Therefore, our goal was to assess the influence of biotic and/or abiotic factors on the species-zonation pattern observed in the Logan River, Utah. 

Methods

To address our goal, we conducted an experiment during the summer of 2003.  We replicated three treatments (1. allopatric brown trout; 2. allopatric cutthroat trout; 3. both species in sympatry) each at six sites arrayed along the altitudinal gradient present in the Logan River.  We assigned all treatments to enclosures at each site.  All fish were stocked at ambient density using wild age-1 trout.  Before the experiment, fish were held in a common environment for 8-d, at which time we weighed, measured, and tagged them.  

We introduced fish in early July and subsequently cleaned enclosures during a 42-d trial.  After this, we removed, weighed, and measured all fish.  We quantified performance of both species using standard growth and condition metrics.  Ending condition was assessed on an individual basis using relative weight (Wr).  We evaluated relative growth based on cage-averaged weights; we could not evaluate it individually due to tag loss.  

We assessed whether temperature controls distribution by evaluating allopatric fish performance as a function of elevation.  To assess the strength of interspecific competition, we compared growth and maximum relative weight between allopatric and sympatric treatment groups for each species separately using ANOVA or ANCOVA.  

Results

Patterns of allopatric condition indicate that summer conditions do not preclude brown and cutthroat trout from high- and low-elevation sites, respectively (Figure 1).  When reared alone, both brown and cutthroat trout grew similarly across all elevations, a trend discordant with their distributional pattern.  However, cutthroat trout suffered an apparent cage effect, with condition values generally less than 100%.  Relative growth averaged 37% and 48% for allopatric brown and cutthroat trout, respectively, indicating positive growth in enclosures.  In sum, considering performance as a function of elevation suggests that summer temperatures do not limit the distribution of either species (at age-1) or cause species zonation.

Competition may explain the replacement of cutthroat by brown trout in the downstream direction.  The presence of brown trout caused suppressed cutthroat performance (maximum Wr, ANOVA, F1,9 = 9.58, P = 0.013, Figure 2; relative growth, ANOVA, F1,9 = 2.85, P = 0.126); cutthroat trout condition was 5-15% and relative growth ~25% higher in the absence of brown trout.  Conversely, the presence of cutthroat trout had no effect on relative growth (ANCOVA, F1,8 = 1.89, P = 0.206) or condition (ANOVA, F1,9 = 1.57, P = 0.242, Figure 2) of brown trout.  These results suggest that brown trout can displace cutthroat trout when they co-occur and are unaffected by their presence.  

Conclusion

We conclude that the brown-cutthroat trout zonation pattern is the result of biotic interactions and physiological limitations.  We demonstrated that cutthroat trout grew similarly at all elevations in allopatry - a pattern discordant with their absence from lower elevations.  Further, we show that brown trout can have a negative effect on their performance.  Thus, the deficiency of cutthroat trout in low-elevation reaches is likely due to competition with brown trout, demonstrating a biotic control on cutthroat distribution.  Conversely, the existence of a high-elevation limit for brown trout is likely due to abiotic controls affecting recruitment during a lifestage not considered here.  Supporting observations are:  1) brown trout performed well at all sites, suggesting neither summer temperatures nor competition with cutthroat precludes them from high altitudes; 2) an inspection of brown trout gonads suggests that they can grow well enough to mature/spawn at high-elevation sites; 3) there are no barriers to brown trout dispersal into upper sites.  Thus, brown trout can access/spawn at high-elevation sites, but do not attain high abundance there because of recruitment failure occurring between egg deposition and the age-1 lifestage.  Given the concordance of thermal changes and species replacement, temperature is a likely candidate factor.
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Figure 1.  Median (symbols) and range (upper and lower whiskers) of brown trout (upper panel) and cutthroat trout (lower panel) relative weight values plotted as a function of elevation in the Logan River.  Circles correspond to enclosures where as species was reared alone (allopatry), while squares represent those where both species were together (sympatry).  For reference, the horizontal line at Wr = 100% indicates that enclosure fish performed as well as wild, river fish.  
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Figure 2.  Maximum relative weight (mean + 1SE) for brown trout (upper panel) and cutthroat trout (lower panel) reared in the presence (sympatry) or absence (allopatry) of the other species.  An asterisk denotes statistical significance at  = 0.10.  See text for statistical test details.        





















PAGE  
67

_1140251638.unknown

_1140251405.unknown

