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Recent studies suggest that competition from brook trout (Salvelinus fontinalis; 

EBT) may have negative effects (e.g. displacement) on Lahontan cutthroat trout 

(Oncorhynchus clarki henshawi; LCT).  Results from these studies have failed to 

elucidate the responsible mechanisms and have not examined if changing 

environmental conditions result in competitive/subordinate role reversals.  The 

primary objectives of this study were to 1) determine if LCT and EBT compete for 

resources in a stream in which they co-occur, 2) determine the mechanisms 

responsible for the apparent competition and 3) determine if the results from 

competitive interactions change under variable environmental conditions.   

A field study examined how LCT and EBT interacted in a colonization 

situation typical of many LCT reintroductions, and provided insights into how LCT 

responded, under natural conditions, to EBT under various habitat conditions.  A 

laboratory experiment, informed largely from the field study, was designed to force 

competitive interactions and measure the responses of LCT under varying habitat and 

environmental conditions.   

Results from the field manipulation revealed that EBT re-colonized a section 

of stream farther and faster than LCT and that about 25% of the individuals of both 

species stayed in the relocation pool.  When in sympatry, LCT lost five times as much 

weight as EBT during the three week trial (2.5g to 0.5g, respectively).  Lahontan 

cutthroat trout almost always had empty stomachs whereas EBT usually had at least 

some food present in their stomachs.   



   

 

 Under laboratory conditions where density, species proportions, and 

temperature were manipulated, LCT typically lost weight and exhibited elevated blood 

plasma cortisol levels, an indicator of stress, during the 9 day trials (-8% and ~60 

ng/mL, respectively) whereas EBT typically gained weight and exhibited lower 

cortisol levels (+1% and ~23 ng/mL).   When the water temperature remained at 13°C, 

EBT gained an average of 5% of their body weight and had low plasma cortisol levels 

(~16 ng/mL) whereas LCT lost an average of 6% of their body weight and had 

elevated plasma cortisol levels (~40 ng/mL).  As temperatures increased to 23°C, both 

species lost weight and exhibited elevated cortisol levels but LCT lost more weight 

than EBT (11% vs. 5%).  As the proportion of EBT increased relative to LCT in 

experimental trials, LCT lost more weight and generally exhibited higher cortisol 

levels.  Additionally, feeding observations in tanks that contained both species 

indicated that EBT were the first feed greater than 90% of the time, while LCT almost 

never fed and remained inactive when in the presence of EBT.  In tanks that did not 

contain EBT, LCT were active and readily fed. 

 Collectively, these results suggest that EBT are the dominant competitor and 

that the mechanisms for competitive dominance may, in part, be both physiological 

and behavioral in nature.
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INTRODUCTION 

Understanding the basic biology of threatened and endangered species is of 

utmost importance in devising recovery and management policies.  For most 

threatened and endangered species there is a dearth of biological and physiological 

information, leading to recovery plans and management actions that lack even a basic 

understanding of how these organisms function and how they interact with their 

environments.  This lack of information, the resulting incomplete management and 

recovery strategies, and other factors such as habitat fragmentation and loss and 

invasive organisms are implicated in the declines of many species (Dunham et al. 

2000). 

Performance attributes (i.e. growth, condition, stress, movement, feeding, etc.) 

are important physiological and behavioral characteristics of individual-level fitness 

that are intricately tied to population dynamics.  Growth is the synthesis of tissue that 

is retained within the body and disseminated as gametes.  Stress is the “sum of all the 

physiological responses by which an animal tries to maintain or reestablish a normal 

metabolism in the face of a physical or chemical force” (Selye 1950).  There are three 

classical concepts of stress responses; a stimulus produces a primary endocrine 

response, a secondary physiological response (involving the function of organs and 

tissues), and a tertiary biological response (involving the whole animal and the 

population) (Fagerlund and McBride IV 1995).  Growth and stress in fishes govern or 

influence a host of biological processes, including, but not limited to, the amount of 

time spent in embryonic and larval development, time spent as a prey item or 



 

 

2 
predating on other organisms, intensity of intra-specific and inter-specific 

competition for resources, condition/health, and population or stock productivity 

(Fagerlund and McBride IV 1995; Weatherley and Gill 1995).  From a fisheries 

science/management standpoint, understanding how growth, stress and movement 

patterns change with changing environmental conditions and habitat fragmentation 

and degradation is essential to understanding how various management strategies will 

affect populations and how effective those strategies will ultimately be for the 

protection of the species.   

Most freshwater fishes are considered to be highly sensitive to habitat 

degradation and changes in water chemistry that result from intensive land use 

practices and habitat fragmentation (Donaldson 1981; Karr 1991) and may serve as 

“indicator” organisms of habitat degradation and environmental impacts on streams 

(Karr 1991; Snodgrass et al. 2000).  Results from several studies suggest that fish 

depend on upstream and downstream linkages and that the disruption of this 

connectivity can have significant influences on community structure (Dunham et al. 

1997; Osborne and Wiley 1992; Schlosser and Kallemeyn 2000). 

Habitat fragmentation can be caused by physical (e.g. dams, waterfalls or 

changes in water temperature regimes) or biological (e.g. presence of an invading 

competitor, predator, or pathogen) factors.  The symptoms of habitat fragmentation are 

(1) disjunct distribution patterns and (2) barriers to movement.  Several studies have 

suggested that temperature is an important variable in structuring cutthroat trout 

distributions and may act as a barrier to dispersal (Dunham et al. 1999; Isaak and 
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Hubert 2001; Jones et al. 1998).  Changes in water temperatures with varying land 

use practices are of critical importance because the thermal profile of a stream may 1) 

serve as a direct barrier or 2) modify the grounds for competitive outcomes through 

alteration of an organism’s physiology and behavior, thereby acting as an effective 

barrier to movement and dispersal (Tinus and Reeves 2001).  Additionally, 

connectivity among populations is critically important because it buffers against 

inevitable natural disturbances, allowing other populations to re-colonize disturbed 

segments after catastrophic events (Dunham et al. 1999; Hess 1996; Rieman and 

Dunham 2000; Vinyard and Dunham 1994).    

Lahontan cutthroat trout (Oncorhynchus clarki henshawi; LCT) are the only 

salmonid endemic to the Lake Lahontan Basin of the Great Basin physiogeographic 

province of the southwestern United States (Behnke 2002).  Their isolation in the 

Great Basin desert region resulted in evolutionary adaptations and tolerances to 

elevated water temperatures, salinity-alkalinity levels (specifically total dissolved 

solids or TDS) and pH (Behnke 1992; Behnke 2002; Dickerson and Vinyard 1999a; 

Dickerson and Vinyard 1999b; Wilkie and Wood 1996).  Among salmonids, 

physiological adaptations as extreme as those demonstrated by LCT are unique and 

probably evolved in response to the continued, cyclic wet/dry periods characteristic of 

the last glacial era (Behnke 2002; Wilkie and Wood 1996). 

Lahontan cutthroat trout were federally listed as an Endangered Species in 

1970 (Federal Register 35:16047; October 13, 1970) and later reclassified as 

Threatened in 1975 (Federal Register 40:29864; July 16, 1975).  As with many species 
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at risk, habitat fragmentation has been implicated in the decline of LCT populations 

(Bradford 1989; Moyle 1986; Polhemus 1993).  The landscape in which LCT live is 

now a mosaic of isolated stream reaches resulting from unsuitable land use practices, 

invasion of habitats by introduced fish species and water allocation issues within the 

watersheds (Behnke 2002; Coffin and Cowan 1994; Dunham 1997; Gutzwiller et al. 

1997; Vinyard and Dunham 1994).   

Brook trout (Salvelinus fontinalis; EBT), which are actually a charr, are native 

to much of northeastern North America and historically did not occur west of the 

Rocky Mountains (Behnke 2002).  Their beauty and popularity as a sport fish, 

however, prompted widespread stocking prior the turn of the 19th century into many 

waters of the West, including waters where LCT were previously the only salmonid 

present (Behnke 2002; Evermann and Bryant 1919; Jordan 1904).  Brook trout 

populations were widely established in many drainages in Nevada by the early 1900’s 

and were the most common and widespread salmonid in the waters of Nevada by the 

mid-20th century (La Rivers 1962; Miller and Alcorn 1945). 

Movement patterns of organisms are of key importance in that they are likely 

indicators of habitat quality (Belanger and Rodriquez 2002) with greater movement 

generally indicating poorer quality habitat and less movement generally indicating 

better quality habitat (some exceptions exist).  Habitat fragmentation, however, has 

resulted in a loss of connectivity across much of the LCT’s historic range (see Vinyard 

and Dunham (1994) for a review).  Loss of connectivity due to changes in water 

temperatures and introduced species are of particular interest as they may have clear 
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mechanisms responsible for which the fragmentation and can be managed.  For 

example, changes in water temperature regimes can result in a change in physiology of 

an organism (e.g. increased/decreased metabolic rates, changes in stress levels, 

increases in behavioral suppression hormones).   

Similarly, biological factors, such as the presence of an invading competitor 

can act as a filter or barrier, in various ways.  Several studies have shown that EBT 

typically displace other species of trout, including cutthroat trout (Chapman 1966; 

Cummings 1987; Fausch and White 1981; Peterson and Fausch 2003; Platts and 

Nelson 1988; Varley and Gresswell 1988).  Interestingly, for reasons that are not yet 

clear, EBT in their native Appalachia appear to be outcompeted by other non-native, 

introduced salmonids (Clark and Rose 1997; Larson and Moore 1985; Larson et al. 

1995; Lohr and West 1992; Rose 1986).  Studies conducted over the last two decades, 

nevertheless, have documented precipitous declines in cutthroat trout populations, 

including LCT populations, where EBT have been introduced (Cummings 1987; 

Gresswell and American Fisheries Society. 1988; Griffith Jr. 1974; Platts and Nelson 

1988).  Declines in LCT populations, however, are not as severe where other 

salmonids (Gerstung 1988; Griffith Jr. 1988; Moyle and Vondracek 1985), although 

there is evidence of introgression of LCT with rainbow trout (Peacock and Kirchoff 

2004).  This apparent displacement, coupled with expansions of the EBT’s range into 

the LCT range (Dunham et al. 2000; Dunham et al. 1997; Vinyard and Dunham 1994), 

has lead to the prevailing view that LCT are outcompeted by EBT and thus are less 

likely to coexist with them than with other non-native salmonids.   
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Published work on LCT is scarce and the present evidence for competition 

with EBT is equivocal.  For instance, Schroeter (1998), suggests that schooling 

behaviors of EBT may hinder the ability of LCT to feed and that the presence of EBT 

shifts LCT to other habitats.  However, Dunham and others (2000) found no food 

competition between LCT and EBT and no negative effects of EBT presence or 

increased density on LCT growth or abundance.  They suggested that food may not 

have been limiting, which allowed significant niche overlap.  They further 

hypothesized that if food was limiting, resource partitioning would have been 

observed.  The lack of a detectable negative effect in this study supports this 

argument.  The conditions governing the outcome of competitive interactions can and 

often do change with changes in environmental condition.  Environmental 

circumstances and habitat fragmentation may modify interaction intensities between 

species, thereby modifying the outcome of predator-prey and competitive interaction 

processes.  This can cause observed patterns to be confounded.  To the best of my 

knowledge, no information exists about LCT/EBT interactions that pertain to changes 

or reversals in competitive outcomes with changes in their environment. 

Although there is correlative evidence to suggest that EBT are displacing LCT, 

the underlying mechanisms are unknown.  The goal of this study was to determine the 

environmental context under which competition becomes important by observing 

species interactions in the wild, and then, in the laboratory, testing hypotheses 

generated by those observations.  Previous studies have not considered all the factors 

that may lead to the decline of LCT.  This study proposes a more holistic approach by 
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conducting field observations and then measuring performance attributes in 

laboratory studies. 

Specifically, I asked two primary questions.  First, do EBT have a negative 

effect on the movement, habitat selection or feeding behavior of LCT?  Second, do 

EBT have a negative effect on the physiology of LCT as manifested in differential 

stress levels and growth rates?  Brook trout have been shown to be highly territorial, 

aggressive feeders and competitively dominant over other species of cutthroat trout 

(Chapman 1966; Cummings 1987; Fausch and White 1981; Peterson and Fausch 

2003; Platts and Nelson 1988; Varley and Gresswell 1988) and I hypothesized, 

therefore, that EBT would be competitively dominant over and grow better than LCT 

when they co-occur. 
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METHODS 

Study Approach 

This study incorporated both field and laboratory components.  The field study 

was designed to examine how LCT and EBT interact in a colonization situation typical 

of many LCT reintroductions.  A field study provides valuable insights into how LCT 

interact with EBT under natural conditions.  The laboratory component was designed 

to force competitive interactions and measure the responses of LCT to varying 

densities of EBT under varying environmental conditions.  The laboratory component 

helped elucidate the mechanisms responsible for the competitive interactions observed 

between LCT and EBT. 

In the field study, I manipulated LCT and EBT densities and distributions in 

order to 1) determine if there is evidence for competition between the two species, 2) 

establish the context surrounding potential competitive interactions for the proper 

design of laboratory experiments, and 3) determine what laboratory-testable 

hypotheses could be generated from field observations.   

In the laboratory, I explored, under controlled conditions, the mechanisms 

responsible for the competitive interactions between LCT and EBT to see if the results 

change at different temperatures and at different densities (e.g. thresholds).  I 

manipulated LCT and EBT densities and proportions and water temperatures to 

determine whether 1) EBT affect the growth rates of LCT, 2) EBT induce a stress 

response (e.g. change in plasma cortisol levels) in LCT, and 3) there are specific 
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environmental conditions under which the effects from 1) and 2) change or reverse 

(e.g. thresholds).  My working hypotheses were that increasing proportions of EBT 

relative to LCT would result in decreasing growth and increasing cortisol levels (a 

surrogate for stress) in LCT and that increases in water temperature would result in 

decreasing growth and increasing cortisol levels for both species but that LCT would 

perform better than EBT at elevated temperatures. 

 

Study Organisms 

The animals used in the field study were wild residents of Abel Creek, Nevada 

(Figure 1).  The animals used for the laboratory study were both domesticated 

hatchery stocks; the LCT were Pyramid Lake strain from the Nevada Department of 

Wildlife’s Mason Valley Hatchery in Yerington, Nevada and the EBT came from the 

Oregon Department of Fish and Wildlife’s Wizard Falls Hatchery in Camp Sherman, 

Oregon.  Fish from both hatcheries were yearlings and of comparable size (~35g/fish 

for LCT and ~45g/fish for EBT).  The EBT came from a stock known to be infected 

with bacterial kidney disease (BKD), a common affliction in hatchery salmonids 

raised in the Pacific Northwest.  When subjected to a stressor, fish infected with BKD 

can experience a potentially deadly epizootic outbreak of the disease (Belding and 

Merrill 1935; Bullock and Herman 1988).  To ensure against an outbreak, all EBT 

were inoculated with 0.2cc of Gallimycin®, an injectable erythromycin antibiotic 

commonly used to treat fish infected with gram-positive bacteria like BKD.  The 
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Gallimycin® was injected into the abdominal cavity the same day the fish were 

procured from the hatchery. 

 

Field Component 

Study Area 

Abel Creek is a small, steep, isolated, high-elevation desert stream located in 

the southern end of the Santa Rosa Mountains of north-central Nevada (Figure 1) and 

flows in a southeasterly direction into Paradise Valley and the Little Humboldt River.  

Able Creek is representative of the type of stream in which recovery reintroductions of 

LCT are planned (Jenne 2003).  Many streams that contain both EBT and LCT have 

been excluded from consideration because of the tenuous nature of their LCT 

populations.  Abel Creek is one of only a handful of streams occupied by both LCT 

and EBT where LCT populations appear to be relatively large and stable (Jenne 2004).  

Additionally, Abel Creek has been identified in recovery plans as a candidate source 

stream from which LCT can be used for re-stocking other streams that previously held 

LCT (Jenne 2003; Varner 2003). 
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Figure 1. Aerial photograph of Abel Creek, Nevada.  Lahontan cutthroat trout (LCT) 
inhabit the upper portion of the watershed and brook trout (EBT) the lower portion.  
The shaded oval depicts the area where LCT and EBT distributions overlap.  The 
small dark square inside the map of Nevada shows the relative location of Abel Creek. 
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Field Methods 

To examine differences in physiological (e.g. growth) and behavioral patterns 

(e.g. movement) of LCT found in sympatry with with EBT, I experimentally 

manipulated their distributions throughout a 1 kilometer stream reach of Abel Creek, 

Nevada where the two species were known to overlap (Figure 1).  To determine the 

existing degree of overlap between the LCT and EBT distributions in Abel Creek, I 

conducted an intensive, single pass, contiguous electro-fishing survey in late July of 

2004.  The electro-fishing surveys were carried out in a similar fashion to the US 

Forest Service’s Region 4 General Aquatic Wildlife Surveys, or GAWS (USFS 1990), 

and followed the electro-fishing protocols as established by the National 

Oceanographic and Atmospheric Administration Fisheries Division in June 2000 

(NOAA Fisheries 2000).  To be sure that I covered the entire section of stream where 

both LCT and EBT distributions overlapped, I began the electro-fishing survey half a 

kilometer below the previously documented downstream boundary of LCT and 

completed the survey half a kilometer above the previously documented upstream 

boundary of EBT for a total survey length of just over two stream kilometers.  Permits 

stipulated that I was allowed to tag up to 25 LCT and 25 EBT in the creek. 

All fish were removed via electro-fishing from the stream section and 

temporarily housed in 20-liter buckets perforated for continuous water exchange.  

Captured fish were anesthetized using a solution of clove oil and isopropyl alcohol in 

water (1 drop clove oil, 10 drops of alcohol, in 3.79 liters of water).  Anesthetized fish 

were measured to the nearest millimeter on a measuring board filled with flowing 
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fresh water and weighed to the nearest tenth of a gram in a holding cup partially 

filled with water (to facilitate continuous oxygen exchange across the gills) using an 

electronic scale.  For each fish located during the electro-fishing survey, I recorded a 

unique pool identification number (see habitat survey section below) and UTM 

coordinates using a Garmin eTrex Legend® GPS.  After the permit-designated 

number of EBT were captured, all subsequent EBT were euthanized, per permit 

regulations, with a blow to the head.  I did not capture the permit allotted number of 

LCT. 

To track movement patterns, individuals of the fish, I surgically implanted a 

23mm half-duplex Texas Instruments Radio Frequency Identification (RFID) passive 

integrated transponder (PIT) tag (Texas Instruments 2006) in the belly of each fish.  

The size of the PIT-tag precluded tagging of individuals less than 100mm in total 

length.   A 5 mm incision was made into the mid-abdominal wall of the fish.  To avoid 

any potential organ damage, the tag was inserted posterior to the heart and other vital 

organs, and pushed in a posterior direction through the incision (Moore et al. 1990; 

Schreck et al. 1990).  Fish were then returned to the flow-through buckets and allowed 

to regain full mobility and function.  All PIT-tagged fish were then released into a 

single pool (“relocation pool”) located at approximately the mid-point of the stream 

reach from which they were removed (Figure 2).   

Block nets, which were placed at both ends of the relocation pool after the 

electro-fishing survey but prior to fish reintroduction, were removed one hour after the 

fish were placed into the relocation pool.  Fish were then allowed to redistribute in the 
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now “fishless” stream reach and I subsequently relocated the fish approximately 

every other day for three weeks using a portable RFID antenna that could be waved 

over the creek and would detect the presence of the tag, allowing me to locate PIT-

tagged animals with little to no disturbance to them.  During the last two days of the 

three-week tracking, fish were relocated every four hours for 48 consecutive hours to 

assess the degree of diel movement. 
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Relocation 
Pool 

Direction of flow 

Overlapping trout distributions ~1,000 meters 

 

Figure 2.  An enlargement of the section of Abel Creek, Nevada where the 
distributions of Lahontan cutthroat trout (LCT – dashed line) and brook trout (EBT – 
solid line) overlapped.  The central point indicates the relocation pool in which all fish 
were placed to simulate a re-colonization event. 
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During the first tracking event, which occurred approximately 4 hours after 

the block nets were removed, and every other tracking event thereafter (e.g. tracking 

event 1, 3, 5, …), I restricted sampling to the section of stream which contained the 

translocated fish, plus 100 meters upstream and downstream of the uppermost and 

lowermost PIT-tagged fish detected during the previous tracking event.  During the 

second tracking event and every other tracking event thereafter (e.g. tracking event 2, 

4, 6, …), however, I scanned the entire section of stream for PIT-tagged fish.  When a 

PIT-tagged fish was located, I recorded the unique pool identification number, the 

quadrant of the pool in which the fish was located, the primary habitat structure being 

utilized by the fish, the secondary habitat structure (if any) being utilized by the fish, 

and whether or not the pool contained other PIT-tagged fish.  At the end of the three 

weeks, I again electro-fished the entire section of originally surveyed stream and all 

fish (re-captured and new) were again weighed and measured.  Brook trout were then 

removed from the system as per permit regulations, and all PIT-tagged LCT were 

placed back into the pool from which they were last captured.  The stomachs of all fish 

captured during this electro-fishing event were flushed of food using a gastric lavage 

technique (Meehan and Miller 1978; Seaburg 1957; Strange and Kennedy 1981) to 

determine if there were differences in gut fullness between the two species. 

Two months after the conclusion of the re-colonization study (November 

2004), I relocated the PIT-tagged LCT using the portable RFID antenna and 

recaptured them using the same electro-fishing techniques described above.  I 

recorded their length, weight, location of capture (e.g. pool number), and the habitat 
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variables associated with their location of capture (as described above).  LCT 

stomachs were again flushed to determine if there were any difference between the 

percent of LCT stomachs containing food prior to and after the EBT were removed 

from the system. 

 

Statistical Analyses 

To analyze movement patterns of PIT-tagged fish in Able Creek, I used 

Pearson Chi-square tests to assess whether there were any differences between the 

locations of PIT-tagged fish on day t+1 relative to day t.  There were not enough PIT-

tagged fish in sympatry versus allopatry to conduct statistical tests but I have provided 

summary data. 

Data organization tasks were performed using Microsoft Excel 2002 

(Microsoft Corporation, Redmond, WA).  Statistical tests were performed using S-

Plus 6.2 software (Insightful® Corporation, Seattle, WA).  All results were considered 

significant at p ≤ 0.10. 

 

Laboratory Component 

Field results often result in correlative data, making it difficult to determine 

causal mechanisms.  The purpose of the laboratory component of my study was to test 

hypotheses generated from field observations.  I explored, under controlled conditions, 

the mechanisms responsible for the observed competitive interactions between LCT 
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and EBT to see if changing environmental and habitat conditions (e.g. temperatures 

and densities) may influence the competitive outcome between these two species. 

   

Experimental Design 

To assess the relative influence of temperature and EBT on the growth and 

stress of LCT, I utilized a nested-factorial repeated-measures experimental design 

similar to that recommended by Underwood (1986) and modified by Fausch (1988).  

Treatments consisted of six unique species combinations (Figure 3) and two different 

water temperature regimes, one constant (13°C for 9 days) and one variable (13-18-

23°C; three consecutive days at each temperature). 

The laboratory study was conducted from February-April 2005 at Oregon State 

University’s Smith Farm Fish Genetics and Performance Laboratory in Corvallis, 

Oregon.  Prior to the experiment, species were housed separately for at least three 

weeks; EBT at an approximate density of 4.5 g/L in a 4 meter diameter circular 

fiberglass tank covered with a black mesh screen and LCT at an approximate density 

of 7.0 g/L in a 2 meter diameter circular fiberglass tank covered with a semi-

transparent fiberglass lid.   

For each experimental replicate, fish were housed in circular flow-through 

fiberglass aquaria (1.2m diameter and 0.6m deep) containing approximately 680L of 

aerated and conditioned 13 ± 1°C well water at a flow of 2 L/min under a natural 

photoperiod.  Each tank was randomly assigned to one of six species proportion 

treatments and one of two water temperature regimes (Figure 3).  Individual fish were 
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netted from the stock tank and randomly assigned to a treatment tank until the 

designated species proportion was attained for each tank.  The experiment was run 

four times, twice under the constant temperature regime (13°C) and twice under the 

variable temperature regime (13-18-23°C for three consecutive days at each 

temperature).  Each experimental run consisted of a total of nine consecutive days. 

To determine how much additional stress might have been introduced into the 

study from handling the animals, during the first experimental replicate I only handled 

the animals twice.  During the three subsequent replicates, animals were handled four 

times.  Animal handling is described in greater detail below. 
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Figure 3. Experimental design to test inter- and intra- specific competition between 
Lahontan cutthroat trout (LCT) and brook trout (EBT) (after Underwood 1986).  Intra-
specific competition can be tested by comparing the response between treatments 24/0 
and 12/0.  The relative influence of inter-specific competition can be tested by 
comparing the response between treatments 9/3 and 3/9 or 12/0 and 6/6.  Treatments 
12/0 and 0/12 allowed me to assess relative baseline growth and stress (blood plasma 
cortisol) levels (e.g. in the absence of the other species). 
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All fish were fed BioDiet Grower© pellet fish food (BioProducts, 

Warrenton, Oregon), an extruded, non-frozen, semi-moist feed, and were fed once 

daily.  Prior to the experiment, all fish were fed ad libitum.  To force the competitive 

interactions between the two species during the experiment, feed was restricted to 1% 

by weight of the total beginning weight of the fish in each tank per day or until all fish 

stopped feeding, whichever came first. 

At the beginning of the experiment, fish were quickly netted from their 

respective holding tanks and rapidly anesthetized in a 5-gallon bucket containing a 

solution of 50 mg/L MS-222 buffered with a solution of 150 mg/L of NaHCO3 

(adjusted to pH 7.0) until equilibrium was lost (<30sec.).  Each fish was weighed to 

the nearest 0.1g, measured to the nearest millimeter (FL), and received, as described 

above, a uniquely numbered 23 mm Texas Instruments half-duplex Passive Integrated 

Transponder (PIT) tag for future identification (Texas Instruments 2006).  Finally, to 

assess the primary stress response (total blood plasma cortisol levels), approximately 

0.15 mL of blood was withdrawn from the caudal vein using an ammonium-

heparinized 1.5mL insulin syringe.  Fish weights and lengths were measured only at 

the beginning and end of each experimental replicate.  I used the percent change in 

weight 

   

%∆W = [((W2-W1) – 0.6)/ W1]*100 
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where %∆W is the percent change in weight, W2 is the ending weight (g), W1 is 

the beginning weight (g), and 0.6 was the weight of the PIT tag (g) to normalize 

results across fish. 

Extracted whole blood was transferred to individually labeled 0.4mL conical 

micro-centrifuge tubes with attached caps by slowly depressing the syringe plunger to 

avoid cell lysis.  To separate the plasma from the erythrocytes, the tubes were 

centrifuged at 13,750 rpm for 5 minutes using a Beckman Microfuge E model 

centrifuge.  The resulting plasma was transferred to individually labeled 0.65mL flat-

topped micro-centrifuge tubes with attached caps and kept on ice until placed in a 

minus 80°C freezer for long-term storage.   

Blood plasma was analyzed for cortisol using a single-antibody 

radioimmunoassay technique that followed the methods described by Foster and Dunn 

(1974) as modified by Redding and others (1984).  This technique compares samples 

with a known amount of cortisol (e.g. a standard curve) to samples with an unknown 

amount of cortisol (e.g. the plasma samples extracted from the LCT and EBT).  Two 

hundred µL of glutamate buffer and 10µL of the plasma sample (or standard diluent 

for the standard curve) were added to disposable 12x75mm Durex™ borosilicate glass 

culture tubes and vortex mixed for approximately 3 seconds.  Tubes were immersed in 

100°C water bath for 15 minutes to denature the proteins.  Tubes were immersed 

immediately in ice water for 5 minutes (to cool the samples to room temperature) then 

transferred to room temperature racks.  Each tube received 100µL of polyclonal rabbit 

cortisol antibody (cortisol 3-CMO-BSA; Fitzgerald Industries International, Concord, 
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MA) and was vortex mixed for 5 seconds to ensure complete mixing.  Each tube 

then received 500µL of 3H-Cortisol, was vortex mixed for 5 seconds, covered with 

plastic wrap and allowed to incubate overnight in a refrigerator. 

After incubating overnight, tubes were removed from the refrigerator and 

200µL of a Dextran-charcoal solution was added to absorb any cortisol not bound to 

the cortisol antibody.  Tubes were again vortex mixed for 5 seconds then allowed to 

stand for approximately 8 minutes before being placed into a Beckman model TJ-6 

refrigerated centrifuge set at 0°C.  Exactly 10 minutes after adding the charcoal, the 

tubes were centrifuged at 2,700 rpm for 20 minutes to pellet out the cortisol-bound 

charcoal.  Tubes were immediately transferred to ice water and 500µL of the resulting 

supernatant and 5mL of Budget Solve liquid scintillation cocktail (Research Products 

International, Mt. Prospect, IL), were transferred to disposable 7mL borosilicate glass 

scintillation vials and vortex mixed for 5 seconds.  Scintillation vials were then placed 

in a Packard model 1600CA Tri-Carb liquid scintillation analyzer where the resulting 

3H-Cortisol/antibody complex was assayed for radioactivity. 

 

Statistical Analyses 

I used two-sample t-tests to assess whether there were any differences between 

the sizes of LCT and EBT to begin each experimental run, linear regressions to 

determine to assess whether inter- or intra-specific competition was present, and 

Wilcoxon rank-sum tests to assess whether there were any differences in the percent 

change in weight and cortisol levels between LCT and EBT within each tank.  Rank-
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sum tests are used to test whether two sets of observations come from the same 

distribution or come from distributions with the same shape but different locations.  

Additionally, rank-sum tests do not require that the data be normally distributed.  

Differences between the ending cortisol levels of LCT from the 24/0 and 12/0 

treatments (#LCT/#EBT; treatments 1 and 2; Figure 3) were not significant.  

Therefore, the remaining cortisol samples from the 24/0 treatment were not analyzed.  

For statistical purposes, the cortisol concentration results from LCT and EBT held 

separately (e.g. 12/0 and 0/12; Figure 3) were combined (e.g. 12/12) because rank-sum 

tests examine differences between two populations.  This allowed me to test for 

baseline differences between the two species. 

Data organization tasks were performed using Microsoft Excel 2002 

(Microsoft Corporation, Redmond, WA).  Statistical tests were performed using S-

Plus 6.2 software (Insightful® Corporation, Seattle, WA) and StatGraphics Centurion 

XV version 15.0 (StatPoint, Inc., Herndon, VA).  All results were considered 

significant at p ≤ 0.10. 
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RESULTS 

Field Study 

I captured, weighed and measured a total of 45 EBT and 15 LCT.  Twenty five 

EBT and all the LCT were tagged.  Captured fish ranged in size from 75-330 mm in 

total length with most individuals falling in the 110-200 mm range (Figure 4).  One 

individual from each species died after being placed into the relocation pool.  I was 

able to relocate every individual at least once during the tracking period (~3 weeks) 

with most relocated at least five times.   

Nearly equal proportions of LCT and EBT moved at least once during the 

course of the study (75% and 79%, respectively).  There was little net downstream 

movement, however, with maximum downstream movement being less than 12 meters 

from the original relocation pool (Figure 5).  Brook trout redistributed upstream both 

farther and faster than LCT with average daily movement rates of 2.3 and 1.3 meters 

per day, respectively.  Fish movement did not appear to be related to the size of the 

individual with the exception that the four largest individuals (1 LCT and 3 EBT) did 

not move or moved slightly downstream (Figure 6). 
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Figure 4. Length frequency distribution of Lahontan cutthroat trout (LCT) and brook 
trout (EBT) captured in Abel Creek in July of 2004.  The solid line represents LCT 
and the dashed line EBT.   
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Figure 5.  Distance moved (m) for all PIT-tagged Lahontan cutthroat trout (LCT) and 
brook trout (EBT) from Abel Creek, Nevada.  Dark bars represent movements 
upstream and light bars represent movements downstream.  Fish that neither moved 
upstream nor downstream appear as gaps between bars.  Bars located to the left of the 
dashed line (1-24) are EBT and to the right (24-38) are LCT. 
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Figure 6.  Average distance moved (m) of fish from Abel Creek, Nevada relative to 
fish size (mm).  Solid symbols represent Lahontan cutthroat trout (LCT; black 
diamonds) and brook trout (EBT; gray squares) that moved upstream.  Open symbols 
represent LCT (black diamonds) and EBT (gray squares) that did not move or moved 
downstream. 
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Of the individuals recaptured at the conclusion of the study, 61% of the EBT 

either gained weight or at least did not lose weight.  This contrasts with 65% of the 

LCT that lost weight during the study (Figure 7).  Brook trout gained an average of 

2.5% of their body mass whereas LCT lost an average of 6% of their body mass.  At 

the conclusion of the study, less than 20% of the LCT stomachs contained food 

whereas greater than 90% of the EBT stomachs contained food. 

When I returned to the system two months after the conclusion of the 

manipulation (in November), I relocated seven of the PIT-tagged LCT but was only 

able to capture five of them.  All of the recaptured LCT had food in their stomachs but 

had lost considerable weight (average loss of 36%; range of loss 22-51%).  

Additionally, three PIT-tagged EBT that were not recaptured during the conclusion of 

the study were recaptured in November and permanently removed from the system.  

All three had food in their stomachs but had also lost considerable weight (average 

loss of 23%; range of loss 14-31%).  In November, I also captured ten EBT not 

previously captured during either of the first two electro-fishing events (e.g. fish new 

to the system).  Of those, seven were captured in pools at the far downstream portion 

of the manipulated stream reach and three were captured in pools located above the 

relocation pool (e.g. upper half of the stream reach; see Figure 2).  The three non-

tagged EBT found above the relocation pool all had food in their stomach whereas 

three of the seven found in the lower portion of the stream reach had none. 
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Figure 7.  Percentage of Lahontan cutthroat trout (LCT) and brook trout (EBT) from 
Abel Creek, Nevada that gained weight, lost weight, or did not change weight at the 
conclusion of the manipulation.  Open bars represent individuals that gained weight.  
Dark bars represent individuals that lost weight.  Stippled bars represent individuals 
that did not change weight. Results for EBT are displayed in panel a), LCT in panel b). 

(a) 
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Laboratory Study 

Cortisol 

There was no significant difference in the beginning (Day 0) cortisol 

concentrations between LCT and EBT in three of the four experimental runs (Table 1).  

Lahontan cutthroat trout, however, had higher beginning cortisol concentrations in 

three of the four 13°C species proportion treatments during the first experimental 

replicate (Table 1).   

For fish held separately (e.g. allopatric; control) at 13°C, LCT had significantly 

higher ending (Day 9) cortisol concentrations in one of the two 13°C experimental 

replicates (Table 1).  These fish, however, were the same ones that began the 

experiment with higher stress levels than the EBT.  For sympatric fish held at 13°C, 

LCT from the 3/9 treatment always had significantly higher cortisol concentrations 

than EBT (Table 1).  There were no other differences in ending cortisol levels between 

LCT and EBT from the 13°C replicates.  For fish from the 13-18-23°C temperature 

treatment, EBT had higher ending cortisol concentrations than LCT in all of the 

species proportion treatments during the third experimental replicate, except in the 3/9 

treatment where LCT had a higher cortisol concentrations.  There were no other 

differences in ending cortisol levels between LCT and EBT in the 13-18-23°C 

replicates (Table 1), except for in allopatric LCT and EBT (e.g. 12/0 and 0/12) in the 

fourth experimental replicate (13-18-23°C) where EBT had higher cortisol 

concentrations.   
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Growth 

Average size between LCT and EBT did not differ at the beginning of each 

experimental replicate (2-sample t-test p>0.10; Figure 8).  There was a significant 

increase in mean starting weights of LCT (2-sample t-tests p<0.015) except between 

replicates 3 and 4, which were run simultaneously (2-sample t-test p=0.94; Figure 8).  

For EBT, the mean starting weight from replicate 1 was significantly lower than all the 

others (2-sample t-tests p<0.01) but there were no differences between the mean 

starting weights of EBT between replicates 2-4 (2-sample t-tests p>0.10; Figure 8). 

Lahontan cutthroat trout gained less or lost more weight as the proportion of 

EBT increased (e.g. inter-specific competition) in two of the four experimental 

replicates, one at each of the two different water temperature treatments (Table 3).  

Brook trout, however, gained less or lost more weight as the proportion of EBT 

increased (e.g. intra-specific competition) in both of the 13°C replicates but were 

unaffected by species proportions in the 13-18-23°C replicates (Table 3).  

 

Feeding 

In tanks that contained both LCT and EBT (e.g. 9/3, 6/6 and 3/9 species 

proportion treatments; Figure 3), the number of EBT present had little affect on 

number of times that the LCT were the first to feed with LCT being the first to feed 

12% of the time or less (5 out of 51 feeding observations).  When in equal proportion 

to the EBT, LCT were still first to feed only 6% (1/17) of the time whereas EBT were 
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the first to feed, regardless of the number of LCT present, nearly 90% of the time 

(46 of 51 observations). 
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Table 1. Wilcoxon rank-sum plasma cortisol comparisons between Lahontan 
cutthroat trout (LCT) and brook trout (EBT) for each of the four experimental runs.  
Comments detail which cortisol levels between the two species were different (if any) 
and any anomalies.  Note: treatments that only contained one species were combined 
for statistical purposes (e.g. 12/0 and 0/12 were combined to 12/12). 

 
90%

Temperature critical
LCT EBT Day Regime LCT EBT value p-value Comments
12 12 0 13°C 194 106 120 <0.05 LCT had higher cortisol levels
9 3 0 13°C 10 68 9 >0.10
6 6 0 13°C 57 21 28 <0.01 LCT had higher cortisol levels
3 9 0 13°C 72 6 9 0.01 LCT had higher cortisol levels

12 12 0 13°C 154 146 120 >0.10
9 3 0 13°C 18 60 9 >0.10
6 6 0 13°C 18 37 13 >0.10 Two LCT died
3 9 0 13°C 66 12 9 >0.10

12 12 0 13-18-23°C 154 146 120 >0.10
9 3 0 13-18-23°C 11 67 9 >0.10
6 6 0 13-18-23°C 47 31 28 >0.10
3 9 0 13-18-23°C 61 17 9 >0.10

12 12 0 13-18-23°C 165 135 120 >0.10
9 3 0 13-18-23°C 15 63 9 >0.10
6 6 0 13-18-23°C 47 31 28 >0.10
3 9 0 13-18-23°C 64 14 9 >0.10

12 12 9 13°C 186 114 120 <0.05 LCT had higher cortisol levels
9 3 9 13°C 12 66 9 >0.10
6 6 9 13°C 47 31 28 >0.10
3 9 9 13°C 70 8 9 0.05 LCT had higher cortisol levels

12 12 9 13°C 173 127 120 >0.10
9 3 9 13°C 12 66 9 >0.10
4 6 9 13°C 15 40 13 >0.10 Two LCT died
3 9 9 13°C 72 6 9 0.01 LCT had higher cortisol levels

12 12 9 13-18-23°C 117 183 120 <0.10 EBT had higher cortisol levels
9 3 9 13-18-23°C 7 71 9 <0.05 EBT had higher cortisol levels

6 6 9 13-18-23°C 28 50 28 0.10 EBT had higher cortisol levels
3 9 9 13-18-23°C 70 8 9 <0.05 LCT had higher cortisol levels

12 12 9 13-18-23°C 182 118 120 <0.10 EBT had higher cortisol levels
9 3 9 13-18-23°C 18 60 9 >0.10
6 5 9 13-18-23°C 38 28 20 >0.10 One EBT missing at end
3 9 9 13-18-23°C 67 11 9 >0.10

Number of Each Rank Sum
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Figure 8. Weight (g) of Lahontan cutthroat trout (LCT) and brook trout (EBT) at the 
beginning of each experimental replicate.  Bars represent means and whiskers 
represent one standard error.  Replicates 1-4 were run sequentially through time 
(February-April 2005) with replicates 3 and 4 run at the same time.  Replicates and 3 
were assigned to the 13°C water temperature regime and replicates 2 and 4 were 
assigned to the 13-18-23°C water temperature regime.  Letters above the bars 
represent statistical significance with shared letters representing no statistical 
differences. 
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Table 2. Wilcoxon rank-sum plasma cortisol comparisons between Lahontan 
cutthroat trout (LCT) and brook trout (EBT) percent change in weight for each of the 
four experimental runs.  Comments detail percent change in growth differences (if 
any) between the two species and any anomalies.  Note: treatments that only contained 
one species were combined for statistical purposes (e.g. 12/0 and 0/12 were combined 
to 12/12). 

 

90%
Temperature critical

LCT EBT Regime LCT EBT value p-value Comments

12 12 13°C 142 158 120 >0.10
9 3 13°C 72 6 9 0.01 LCT lost weight-EBT gained weight
6 6 13°C 21 57 28 <0.01 LCT lost weight-EBT gained weight
3 9 13°C 6 72 9 0.01 LCT lost weight-EBT gained weight

12 12 13°C 97 203 120 <0.01 LCT lost weight-EBT gained weight
9 3 13°C 72 6 9 0.01 LCT lost weight-EBT gained weight
4 6 13°C 22 33 13 >0.10 Two LCT died
3 9 13°C 8 70 9 0.01 LCT lost weight-EBT gained weight

12 12 13-18-23°C 117 183 120 <0.10 LCT lost more weight than EBT
9 3 13-18-23°C 53 25 9 <0.01 LCT lost more weight than EBT
6 6 13-18-23°C 22 56 28 <0.01 LCT lost more weight than EBT
3 9 13-18-23°C 11 67 9 >0.10

12 12 13-18-23°C 85 215 120 <0.01 LCT lost more weight than EBT
9 3 13-18-23°C 6 72 9 <0.01 LCT lost more weight than EBT
6 5 13-18-23°C 41 25 20 >0.10 One EBT missing at end
3 9 13-18-23°C 6 72 9 0.01 LCT lost more weight than EBT

Number of Each Rank Sum
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Table 3. Comparison of Lahontan cutthroat trout (LCT) and brook trout (EBT) 
linear regressions on growth.  Note: each temperature regime includes all species 
proportion treatments (refer to Figure 3). 

 

Temperature Slope
Species Regime Coefficient p-value r^2

LCT 13°C 0.039 9 x 10-4
0.33

13°C 0.007 0.73 0.01
13-18-23°C 0.025 0.05 0.13
13-18-23°C 0.023 0.18 0.06

EBT 13°C -0.059 6 x 10-4
0.35

13°C -0.031 0.05 0.14
13-18-23°C -0.010 0.60 0.00
13-18-23°C -0.015 0.60 0.00
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Cortisol versus Growth 

There was a significant difference in percent weight change in LCT and EBT 

held separately (e.g. baseline weight change; 12/12) in three of the four experimental 

runs (Table 2) with LCT gaining less or losing more weight than EBT (Figures 9 and 

10).  There was a significant difference in percent weight change in ten of the twelve 

treatments that contained both LCT and EBT (Table 2) with LCT gaining less or 

losing more weight than EBT (Figures 9 and 10).  

Overall, total plasma cortisol levels between LCT and EBT was variable.  

However, LCT frequently lost more weight or grew less than EBT. When held to a 

constant water temperature of 13°C, all but four LCT from treatments that contained 

both species lost weight (Figures 9a and 9b).  Of the four individuals that did not lose 

weight, three gained weight (+3.5, +12.7, +23.8%) and one maintained the same 

weight.  All but four EBT from treatments that contained both species, on the other 

hand, gained weight (Figures 9a and 9b).   Brook trout that did not gain weight, lost 

weight (-0.3, -4.4, -11.4 and -12.8%).  When at equal densities relative to each other, 

EBT always gained more weight than LCT (Figures 9a and 9b) except for two LCT 

that gained +12.7 and 23.8% (Figure 9b).  Even when faced with three times as many 

individuals (e.g. 9/3 treatments), EBT always gained weight whereas LCT, even 

though there were three times as many of them, always lost weight (Figures 9a and 

9b).   

Overall, total plasma cortisol levels between LCT and EBT were relatively 

similar but LCT almost always lost more weight than EBT (Figures 10a and 10b). 
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When subjected to an increasing water temperature regime for 6 days, three at 18°C 

followed by three days at 23°C, all but one LCT lost weight, regardless of whether 

they came from treatments that contained EBT or not (Figures 10a and 10b).  

Likewise, all but five EBT lost weight and of those five, three came from treatments 

that contained LCT (Figures 10a and 10b). One EBT individual, however, gained 

28.2% of its body weight over the nine days even though there were 9 other LCT 

present (Figure 10a). 
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Figure 9.  Percent weight change versus ending log cortisol values for Lahontan 
cutthroat trout (LCT) and brook trout (EBT).  Panels a) and b) represent experimental 
replicates from fish held under a constant water temperature of 13°C for 9 days.  
Legend numbers refer to the numbers of LCT and EBT, respectively, in each 
treatment. 
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Figure 10.  Percent weight change versus ending log cortisol values for Lahontan 
cutthroat trout (LCT) and brook trout (EBT).  Panels a) and b) represent experimental 
replicates from fish held under a warming water temperature regime of 13-18-23°C for 
3 consecutive days at each temperature.  Legend numbers refer to the numbers of LCT 
and EBT, respectively, in each treatment. 
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DISCUSSION 

Overall, field and laboratory results suggest that there may be inherent 

differences between LCT and EBT but that some strong competitive interactions 

between the two species exist.  The field study results demonstrated this by larger EBT 

dispersal/re-colonization rates, greater gut fullness in EBT and substantially greater 

weight loss in LCT over the relatively duration of this study.  The field manipulation 

revealed that 1) EBT re-colonized more of the “fishless” section of stream and faster 

than the LCT, 2) typically had food in their stomachs and 3) gained weight.  Lahontan 

cutthroat trout typically had no food in their stomachs and lost weight.  When EBT 

were removed from the system, the number of LCT with food in their stomach 

increased substantially but they continued losing weight.  In the constant 13°C 

laboratory experiment, EBT typically gained weight and had relatively low cortisol 

levels whereas LCT generally lost weight and exhibited cortisol levels typical of 

stressed animals.   When the water temperature was elevated, both species had 

elevated cortisol levels and lost weight but EBT lost less weight than LCT.  

Additionally, although still somewhat equivocal, growth results indicated that LCT 

performed increasingly poorly as the proportion of EBT increased (inter-specific 

competition).  Brook trout also performed worse as more EBT were added (intra-

specific competition). 

The majority of all post-manipulation movements in the field, regardless of 

species, were in an upstream direction.  This agrees with other salmonid 

emigration/immigration studies that found similar upstream movement patterns in 
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streams (Graham and Fausch 1996; Kennedy et al. 2003; Peterson and Fausch 2002; 

Riley et al. 1992; Strange et al. 2000).  Brook trout moved farther and faster away 

from the relocation pool than did LCT and, with the exception of the four largest 

individuals, fish movement was not related to fish size.   

The larger average daily movement distances of EBT might be explained by 

the fact that EBT are fall spawners and may be moving further upstream as a function 

of upstream spawning migrations.  Several EBT had eggs in varying stages of 

development but none seemed to be developed well enough to indicate imminent 

spawning.  Furthermore, the fall EBT spawning period was still nearly two months 

away.  If the upstream movements were related to spawning, then I would have 

expected the largest fish, and therefore probably most sexually mature fish, would 

have also moved upstream.  It is possible that the largest individuals of both species 

were simply too large to move around much in the system at the water levels present 

during the study.  Stream flow, however, did not appear to be an issue as no habitat 

units were isolated from each other by desiccation during this study, the month prior to 

or the month after this study.  I find it unlikely, therefore, that the general trend of 

upstream movement is related to spawning movements/migrations.  It is more likely 

related to recolonization patterns as described according to the model of Despotic 

Distribution (Fretwell and Lucas Jr. 1970) or the Ideal Free Distribution, as modified 

by Hughes and Grand (2000) to account for physiological parameters. 

On average, EBT gained weight during the course of this study, whereas, on 

average, LCT lost nearly as much weight as the EBT gained.  Furthermore, nearly all 
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the EBT stomachs contained at least some food whereas almost none of the LCT 

stomachs contained food.  Stomach fullness and evacuation rates are a function of 

feeding frequency and specific metabolic rate.  It is possible that LCT and EBT feed at 

different times of the day and that time of day might influence the presence or absence 

of food in the stomach.  The large LCT weight loss in such a short time indicates that 

LCT are either expending much more energy than EBT (e.g. increased metabolic 

rates), are trying to feed but are out-competed by EBT, or are simply not feeding in the 

presence of EBT.  The most parsimonious explanation, however, is that EBT were 

out-competing LCT for the food.   Supporting evidence and clarification of these 

issues is presented in the following paragraphs discussing the findings from the 

laboratory study. 

Overall, results from the field study suggest that EBT grow better than LCT, 

might out-compete them for food, and that given equal opportunity to colonize a new 

habitat, EBT are more successful.  The field study, however, did not reveal the 

mechanism(s) responsible for the observed EBT-LCT competitive interaction 

response.  Furthermore, it is unclear whether the substantial weight loss experienced 

by the LCT may have been a secondary response to stress.  Behavior and stress are 

interrelated.  To maintain homeostasis (i.e. bring stress levels down), an organism 

might change its behavior (e.g. move away from a perceived stressor) and/or increase 

its metabolism to clear the stress hormones from its body (Barton et al. 1987; Barton 

and Iwama 1991; Wedemeyer et al. 1990).  The laboratory experiment helped 

segregate some of the confounding variables governing the field study results and 
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helped elucidate some of the potential mechanisms surrounding the competitive 

interactions. 

Under laboratory conditions, LCT tended to perform poorly when in the 

presence of EBT.  When subjected to warming water temperatures, both LCT and 

EBT typically lost weight and exhibited elevated cortisol levels.  Brook trout cortisol 

levels under the warming water temperature scenario, however, were still lower than 

the LCT’s and the LCT still lost more weight than the EBT.  Additionally, there was 

evidence in some of the trials that an increasing proportion of EBT had an increasingly 

negative effect on LCT growth.  This suggests that (1) the competitive interactions 

between LCT and EBT held at the cool, constant temperature were largely mediated 

by inter-specific interactions, probably for food, and (2) that when subjected to 

increasing water temperatures, inter-specific competition breaks down and interactions 

are instead temperature mediated. 

There was evidence that baseline cortisol levels in LCT were higher than the 

baseline cortisol levels in EBT, at least in one of the experimental runs (see Table 1).  

However, in tanks that contained both species, the most stressed individual was, with 

few exceptions, nearly always an LCT whereas the least stressed individual was, with 

few exceptions, an EBT.  While there is some discussion in the literature about what 

range of cortisol levels constitutes a stressed individual, the average cortisol levels of 

LCT held at a constant 13°C (~72 ng/ml) were well above levels considered in the 

literature to indicate stress (25-40 ng/ml).  The average cortisol levels from EBT held 

at a constant 13°C, however, were well within the levels found in animals considered 
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to be unstressed (< ~25 ng/ml).  There is a dearth of published information 

regarding cutthroat trout stress levels but one study found that unstressed coastal 

cutthroat trout (O. clarki clarki) held at a constant 13°C exhibited cortisol levels that 

ranged from <10ng/ml up to 20ng/ml (Strange et al. 1977).  When those same 

individuals were subjected to a water temperature that was rapidly increased to 26°C, 

their cortisol levels rapidly increased to 70ng/ml (Strange et al. 1977).  Although 

cortisol levels were not measured, a thermal tolerance study on EBT and Colorado 

River cutthroat trout (O. clarki pleuriticus) found that EBT performed better than the 

cutthroat trout (De Staso and Rahel 1994). 

It is possible that initial LCT cortisol levels were a result of their holding 

environment prior to the experiment.   Prior to the experiment, both species were held 

separately under slightly different conditions.  It has been well established that 

cutthroat trout can be highly territorial (Mesa 1991; Sabo and Pauley 1997) whereas 

EBT, which can also be territorial (Dunbrack and Clarke 2003; Magoulick and 

Wilzbach 1998; Taniguchi et al. 1998), are generally considered to perform better 

when schooling with other EBT (Okumus and Bascinar 2002).  Even though the 

densities in each of the holding tanks were similar, the LCT densities may still have 

been too high, thereby creating a stressful environment and artificially elevating their 

cortisol levels.  With the exception of the first experimental replicate, however, the 

beginning LCT cortisol levels were no higher than the EBT’s.  Regardless, under the 

conditions present during this experiment, LCT performed worse than EBT. 
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Cortisol results in this study were somewhat ambiguous as there was no 

clear indication that an increasing proportion of EBT increased cortisol levels in LCT.  

There was a stronger suggestion, however, that temperature played a substantial role 

in influencing the cortisol levels in both LCT and EBT.  I hypothesized that increasing 

water temperature would increase cortisol levels in both species.  As the water 

temperature was increased, EBT cortisol levels increased substantially.  Lahontan 

cutthroat trout cortisol levels, however decreased slightly.  While both species 

exhibited similarly elevated cortisol levels under the warmest water temperatures, 

EBT still maintained cortisol levels slightly lower than LCT.    

There are two potential explanations for why LCT cortisol levels decreased 

with increasing water temperature.  As an evolutionary adaptation to the hot desert 

climates, LCT may actually be producing less cortisol.  The more plausible 

explanation, however, is that LCT clear (e.g. metabolize) the cortisol from their 

system faster at the warmer temperatures than EBT do.  Indeed, an increased 

metabolism, and therefore increased metabolic clearance of cortisol, coupled with a 

lack of food, would explain why LCT lost such considerable weight, especially as 

water temperatures increased. 

Growth results in this study were also highly variable.  In three of the four 

replicates, there were significant differences in growth between LCT and EBT in tanks 

that only contained one species (e.g. 12/0 and 0/12) with EBT growing more or losing 

less weight than LCT.  One could argue that this suggests inherent growth differences 

between the two species.  However, both species began each experimental replicate at 
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approximately the same size and, in fact, were growing between replicates (refer to 

Figure 8).   

As previously mentioned, there could be inherent differences in species coping 

strategies in response to the laboratory environment, which, due to domestication, 

could favor the EBT.  However, on average, LCT always gained less or lost more 

weight than the EBT and as water temperatures increased all of the LCT and nearly all 

of the EBT lost weight.  In fact, in treatments that contained both species, the 

individual that grew the most (or lost the least weight) was nearly always an EBT 

whereas the individual that grew the least (or lost the most weight) was, with one 

exception, always an LCT.  Furthermore, in LCT tended to perform worse as the 

number of EBT increased (significant in two of the four replicates), indicating the 

presence of inter-specific competition. 

During the first and second experimental replicates, I observed that EBT were 

nearly always the first to feed.  Additionally, the EBT nearly always took the food 

from the surface of the water, tended to hang out in the upper half of the water 

column, and were very aggressive at all species proportions and water temperatures.  

The LCT, on the other hand, were almost never the first to feed, rarely ate any of the 

food, tended to hang out in the lower half of the water column, and were rarely 

aggressive at any of the species proportions and water temperatures examined. 

Brook trout are generally considered to be aggressive benthic feeders but have 

been described in some systems as opportunistic (Gunckel et al. 2002; Hilderbrand 

and Kershner 2004; Magoulick and Wilzbach 1998; Okumus and Bascinar 2002; 
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Sweka and Hartman 2001).  Most cutthroat trout species on the other hand, 

especially interior strains, are generally considered to be terrestrial invertebrate surface 

or drift feeders (Griffith Jr. 1974; Hilderbrand and Kershner 2004; Nakano et al. 1992; 

Nakano et al. 1998).  Some studies have suggested that EBT are better able to feed 

when some cover is present (Fausch and White 1981; Nakano et al. 1998) and that 

some species of cutthroat trout are better able to feed in the relative absence of or in 

decreased cover (Nakano et al. 1992; Wilzbach 1985; Wilzbach et al. 1986).  This 

experiment was conducted in an indoor setting in covered tanks which may have 

conferred an advantage on the EBT allowing them to become the competitive 

dominants during this study.  Future cutthroat trout – brook trout laboratory studies 

should take cover into account in experimental designs. 

There has been some discussion in the literature regarding an increase in the 

relative performance of strains that have been domesticated for longer periods of time 

than others (Proulx and Magnan 2002) and much discussion as of late regarding 

differences between hatchery and wild individuals (Baer 2004; Mesa 1991; Orpwood 

et al. 2004; Teixeira et al. 2003; Weber and Fausch 2003; Weber and Fausch 2005; 

Zaporozhets and Zaporozhets 2004).  It is possible that there could have been an 

artifact of domestication introduced into this study as the EBT were domesticated 

several decades ago.  In contrast, the LCT are domesticated progeny from “wild” 

Pyramid Lake stocks (F1 generation).  Although the young were hatchery reared, the 

broodstock are annually captured from the wild, resulting in a greater exposure to 

natural selection for the LCT than EBT.  It is possible that the increased domestication 



 

 

50 
time of the EBT stock gave them better competitive abilities under laboratory (e.g. 

hatchery) conditions.  While this might have somewhat confounded the results of this 

study, capture and transport of either stock from its natal range to that of the other 

would have been too costly, both from an ecological and financial perspective.  Unless 

researchers have available to them domesticated stocks of their species of interest, 

future studies will also be subject to this constraint. 

In summary, both temperature and species proportions appear to be important 

in mediating competitive interactions between LCT and EBT.  Brook trout appear to 

be unaffected by the presence of LCT but performed worse as their numbers increased 

(e.g. intra-specific competition).  Conversely, four lines of evidence suggest that LCT 

are negatively affected by EBT.  First, when in sympatry in the field study, LCT lost 

weight and EBT gained weight.  Second, in the field study, EBT nearly always had 

food present in their stomachs whereas LCT almost never had food present.  Third, in 

two of the four experimental replicates, LCT grew less or lost more weight as the 

proportion of EBT increased.  And finally, in experimental tanks that contained both 

species, EBT were almost always the first to feed. 

In conclusion, while there may be inherent differences between the two 

species, results from the field study and laboratory experiment suggest that, LCT and 

EBT in fact compete for resources, that EBT may be competitively dominant and that 

the mechanisms may, in part, be both physiological and behavioral in nature.   
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