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1Executive Summary: 

The ongoing removal of a third dam that blocks upstream movement of salmonids from 
Lake Michigan into the Boardman River will allow the option for upstream passage of steelhead 
through a planned selective fish passage facility at the Union Street Dam site.  Steelhead 
spawners have the potential to produce large numbers of juveniles, which rear in Great Lakes 
tributaries for two to three years and would interact with juveniles of resident brook and brown 
trout.   

This has raised a fundamental question among stakeholders interested in the resident 
trout, and especially brook trout which are native to the watershed, about whether juvenile 
steelhead could outcompete brook trout and reduce their survival and abundance.  The purpose 
of this report is to evaluate this question in light of the scientific research available.   

Rainbow trout are the most widely introduced trout or salmon, having been released in 
waters of every continent except Antarctica, and in more than 100 countries.  Naturalized 
populations provide important fisheries, but have also caused declines and extirpations of native 
fish and amphibians.  Rainbow trout have invaded native habitat for brook trout and created self-
sustaining populations in Appalachian Mountain streams, tributaries of the Great Lakes, and 
most recently rivers draining into the St. Lawrence River.  The most relevant evidence for the 
question here comes from studies in the last two locations, because competition is likely to play 
out differently in Appalachian Mountain streams owing to the very different environmental 
conditions. 

Competition between species occurs when demand for food or space exceeds the supply, 
but can vary with the age and size of fish studied and environmental characteristics such as 
temperature and water velocity.  Competition between brook trout and steelhead in Great Lakes 
tributaries is most likely to occur among juveniles during their first two summers of life, at age 0 
or age 1, when they rear in similar habitats.  Brook trout are fall spawners, and their young 
emerge in early May in Michigan’s Lower Peninsula.  Steelhead are spring spawners, and their 
fry emerge in early June.  As a result, age-0 brook trout are about 40% larger than newly-
emerged age-0 steelhead.  Spawning steelhead may also dig up the developing fry of brook trout 
just before they emerge in late winter and early spring, but nothing is known about this for Great 
Lakes tributaries and it was not addressed here. 

Evidence for competition can be measured by field studies and by laboratory or field 
experiments.  Field experiments are the most challenging to conduct but also provide among the 
most relevant information.  Experiments can be designed to answer two different questions: 

1. Is growth or survival of brook trout reduced by adding steelhead, compared to when brook 
trout are alone?  This question addresses the scenario where steelhead have just arrived, such as 
after dam removal.  

                                                 
1 Cover images:  Brook trout by K. Morita, rainbow trout from http://fishguy-virginiafishes.blogspot.com 
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2. Is growth or survival of brook trout reduced after steelhead replace some of the brook trout, 
compared to when brook trout were alone?  This question addresses whether individual brook 
trout are worse off after steelhead replace some of them (assuming they do), versus when they 
are alone.   

 A key field study showed that although age-0 rainbow trout emerged later than age-0 
brook trout in an eastern Ontario tributary of Lake Superior, they grew faster and caught up by 
late summer (Rose 1986).  Growth rate of the brook trout declined after rainbow trout fry 
emerged, so that by the end of the summer they were about one inch shorter than those in 
Michigan streams without rainbow trout.  Several investigators found that the two species held 
positions with similar depths and velocities until late summer, and ate similar foods.  Rose 
(1986) reported that the amount of food in brook trout stomachs declined just after rainbow trout 
emerged, suggesting competition for the sizes of invertebrates selected by rainbow trout.  He 
inferred that the slower growth of brook trout would result in lower overwinter survival, based 
on a detailed study of brook trout in a Wisconsin stream. 

 Three experiments have tested the effect of age-0 steelhead on age-0 brown trout, which 
are very similar to brook trout in life history and ecology, so these studies provide relevant 
information for evaluating the effects of steelhead competition on resident trout.  A pair of 
laboratory and field experiments conducted in the early 1990s tested each of the two questions 
described above.  In the laboratory, Kocik and Taylor (1994) added 7 age-0 steelhead to replicate 
sections of an artificial stream where 7 age-0 brown trout had already established positions, and 
compared the results to control sections with 14 age-0 brown trout.  This design addresses the 
second question above, about whether replacing brown trout with steelhead has any greater 
effect.  They found that brown trout suffered more when in competition with their own species 
than with steelhead.  More brown trout survived to the end of the experiment when they were 
with steelhead, and brown trout also grew faster. 

 In the field experiment, Kocik and Taylor (1995) added newly-emerged steelhead fry to 
sections of a Michigan trout stream with wild age-0 brown trout in late May for two years, and 
compared survival and growth to control sections where no steelhead fry were added, and to 
results the year before when no fry were added.  This experiment was designed to answer the 
first question above, about whether adding steelhead has a greater effect than when brown trout 
are alone.  The results showed that age-0 steelhead had negligible effects on age-0 brown trout 
survival, but had a slightly greater effect on their growth than other age-0 brown trout. 

 In the third experiment, a comprehensive 12-year study by Nuhfer et al. (2014), adult 
steelhead were introduced into a 2-mile section of a small stream with wild brown trout for 6 
years.  The results were compared to a 1.5-mile control section in an adjacent stream, as well as 
to the same stream during the 3 years before and 3 years after steelhead were introduced.  
Density of age-1 brown trout in the stream with steelhead was about half that in the control 
stream, which was caused by much lower overwinter survival of age-0 brown trout when 
exposed to steelhead (only 4 in 10 survived) versus when they were alone (7 in 10 survived).  
They reported no effects of steelhead on age-0 brown trout growth. 
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 Results from the two field experiments are useful for predicting the effects of age-0 
steelhead when they first arrive and resident trout are assumed to be at the density set by food 
and space resources (carrying capacity).  The second experiment by Nuhfer et al. (2014) is the 
more realistic and comprehensive because adult steelhead were allowed to spawn and their fry to 
emerge naturally, and because the effects were measured for more than a decade allowing 
random fluctuations in survival and growth across space and through different years to be 
averaged out.  The results of the two experiments differed, and this was likely in part because the 
density of steelhead fry was three times that of age-0 brown trout in the experiment of Nuhfer et 
al. (2014), whereas it was equal to or less than that of age-0 brown trout during the two years of 
Kocik and Taylor’s (1995) experiment.  Density of steelhead is likely to have a strong effect on 
the outcome of competition. 

 Steelhead had apparently spawned successfully in at least the lower reaches of the 
Boardman River in the late 1800s and early 1900s before all the dams were built, and would 
likely do so again if allowed upstream access.  The evidence from field measurements presented 
by Rose (1986) for age-0 brook trout that interacted with age-0 rainbow trout in a Lake 
Superior tributary, and the evidence from the field experiments by Kocik and Taylor (1995) 
and Nuhfer et al. (2014) for age-0 and age-1 brown trout interacting with the same ages of 
juvenile steelhead indicate that juvenile steelhead can reduce growth and survival of resident 
brook trout and brown trout in Great Lakes tributaries like the Boardman River. 

 Whether survival and growth of juvenile brook trout in the Boardman River would be 
reduced by interactions with juvenile steelhead, such as competition, or possibly by the effects of 
digging activities of adult steelhead making spawning redds, will depend on a host of factors and 
so cannot be easily predicted in advance.  These factors include: 

1. The distribution of steelhead spawning along the river, compared with the distribution of 
major spawning areas of brook and brown trout 

2. The densities of steelhead allowed to ascend and spawn, and the resulting densities of their fry 

3. The production of aquatic invertebrates that feed trout, as well as the biomass of terrestrial 
invertebrates that fall into streams from the riparian zone 

4. Ongoing changes in water temperature and stream habitat after removing the Brown Bridge, 
Boardman, and Sabin dams, and the potential for lower temperatures and improved stream 
habitat to cause further increases in brook trout abundance 

If it is of interest to stakeholders, addressing the scientific question of the effect of a 
given density of steelhead on brook trout in the Boardman River could be accomplished through 
a field management experiment conducted in an adaptive management framework, although this 
would likely require 15 years or more to complete.  The additional social, economic, and policy 
issues that attend this decision are also best incorporated into the same adaptive management 
experiment, and would require wise leadership and a strong commitment by all concerned for 
this same extended period.  
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Introduction 

 The proposal to remove the final dam that blocks upstream movement of fish from Lake 
Michigan into the Boardman River in the northwest lower Peninsula of Michigan has prompted 
much discussion among stakeholders.  Removal of the Brown Bridge and Boardman dams to 
date has lowered water temperatures, which has apparently favored the expansion of brook trout 
(Salvelinus fontinalis), native to the river, over brown trout (Salmo trutta), a nonnative trout 
(Michigan Trout Unlimited 2016).  Removal of a third dam, Sabin Dam, which is currently 
ongoing, and the planned construction of a selective fish passage facility at the current Union 
Street Dam site (FishPass; Muir et al. 2018) would allow the option for upstream movement of 
steelhead (the migratory life history form of rainbow trout; Oncorhynchus mykiss) and other 
native and nonnative species from Lake Michigan.  Spawning adult steelhead have the potential 
to produce large numbers of juveniles, which would interact with juveniles of brook and brown 
trout during the two to three years that most steelhead juveniles rear in Lake Michigan tributaries 
(Nuhfer et al. 2014).   

 A recurring theme in stakeholder discussions about fisheries management of the 
Boardman River is a tension between protecting native brook trout and the fishery for them 
versus allowing natural reproduction of steelhead and a fishery for adult steelhead.  This has 
raised a fundamental question: 

Question: Will juvenile steelhead outcompete brook trout and reduce their survival and 
abundance?  

 The purpose of this report is to evaluate this question in light of the scientific research 
available.  Like many issues in fisheries management, answering this question is not simple 
because of the complex nature of fish populations and rivers, and the difficulty in studying them 
in nature.  Despite this, much is known, and the goal of this report is to synthesize this 
information and apply it to the Boardman River. 

 This report does not address the important social and policy issues surrounding removal 
of the final dam and the exclusion or management of upstream migrating fish.  This is beyond 
the scope of the question posed, and is left to others in the appropriate stakeholder groups and 
management agencies. 

 

Where do nonnative trout come into contact with native brook trout? 

 Rainbow trout are among the most widely introduced fish, having been introduced to all 
continents except Antarctica and more than 100 countries worldwide (Fausch 2007; Fausch et al. 
2001).  Naturalized populations provide important fisheries across continents, but at the same 
time reduce or extirpate native species of fish and amphibians in many habitats (e.g., Cambray 
2003a, 2003b), and are listed as one of the 100 world’s worst invasive species (Lowe et al. 
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2004), along with other important sport fish such as brown trout and largemouth bass 
(Micropterus salmoides).   

 Rainbow trout have invaded native habitat for brook trout in the Appalachian Mountains 
(Larson and Moore 1985), tributaries of the Great Lakes (Rose 1986), and recently have invaded 
rivers draining into the St. Lawrence River, primarily in Ontario and Quebec (Thibault et al. 
2009).  They also co-occur with brook trout many places in the western U.S. where neither 
species is native (Behnke 2002).   

 For the purposes of this report, the most important evidence to evaluate is from studies in 
Great Lakes tributaries and rivers tributary to the St. Lawrence River, because these are most 
likely to be relevant to the Boardman River.  Evidence has also been evaluated previously for the 
Appalachian Mountains (Fausch 1988) and the western U.S. (Fausch 1989, 2007).  However, 
these mountain streams are much steeper than in the Great Lakes region and tend to have much 
less groundwater, and competition is likely to play out differently in these locations owing to 
different temperature and flow regimes. 

 

Background on competition 

 Competition between species is inherently difficult to study and understand, and 
especially so among salmon and trout (Fausch 1988, 1998, 2008).  The outcome of competition 
between two species can be different depending on the age of the fish (juvenile vs. adult), which 
species is larger or more abundant at a certain age, environmental conditions such as temperature 
or water velocity, and whether species are well established natives or new invaders.  Therefore, 
although there are many studies on competition among salmon and trout, including between 
rainbow trout versus brook trout or brown trout, results must be interpreted carefully. 

 Competition between species, and among individuals of the same species, occurs when 
demand for food or space exceeds the supply.  It occurs in two basic forms: a scramble for food 
resources (exploitative competition) or by contest for space (interference).  However, trout and 
salmon have a unique form that combines competition for food and space, whereby they compete 
by contest for positions in streams that provide the most drifting food for the least energy 
expended.  These tend to be positions with low water velocity where swimming is easy but close 
to fast currents that provide abundant drifting food nearby (Fausch 1984).  Every angler knows 
this, and places their fly or lure in these locations to catch trout. 

 As a result, in each pool or riffle where a given species of trout finds suitable habitat, the 
individuals compete among themselves for these “profitable positions” (Fausch 1984; Gowan 
and Fausch 2002).  They set up a pecking order, called a dominance hierarchy, whereby the most 
dominant individual (also often the largest in the pool) takes the best position, and the rest of the 
pecking order sorts into progressively less profitable positions.   

 The effects of competition can occur at the level of individual fish, but can also have 
effects for whole populations of fish.  If one species is larger or more aggressive than another, 
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most individuals of the weaker species may not be able to defend profitable positions and so will 
be forced out.  Nevertheless, the outcome of these fights can also depend on the density of each 
species, and so even a smaller species that is abundant and aggressive may be able to harass a 
larger species that is less abundant enough to reduce its growth or survival.  Finally, even though 
trout typically compete for individual positions that provide abundant drifting invertebrates, large 
numbers of trout can deplete the total supply of invertebrates throughout the stream, thereby 
reducing the food supply for all individuals. 

 The effects of competition by one trout on another can also be measured at several levels, 
ranging from the profitability of their individual positions (Fausch 1984; Fausch and White 
1981), to their growth rate (Fausch and White 1986) and survival (Peterson et al. 2004).  The 
most relevant measures for making management decisions at the scale of a river basin like the 
Boardman River are growth and survival, although dominance over positions is the mechanism 
that causes changes in growth and survival. 

 

Competition between brook trout and steelhead 

 Despite all these complexities about competition among trout, we can narrow the scope to 
seek the most relevant evidence to answer the question posed here.  Adult steelhead spawn in 
late winter in Great Lakes tributaries, and juveniles emerge in spring.  They typically rear in 
these tributaries for two summers, and migrate downstream to the lakes in the spring of the next 
year, although some stay a third summer and very few a fourth (Nuhfer et al. 2014).  Therefore, 
steelhead fry typically emerge in early June in Great Lakes tributaries (Rose 1986), and migrate 
to the lakes during spring two years later.   

 In contrast, brook trout spawn in fall, their eggs incubate over winter, and fry emerge in 
spring before steelhead fry emerge.  Newly emerged brook trout fry were captured about May 1 
in several Great Lakes tributaries in Michigan’s Lower Peninsula (Fausch and White 1986).  
Because they emerge earlier, they are larger during early summer, and up to 40% larger when 
steelhead juveniles first emerge (Kocik and Taylor 1995).  Because most steelhead juveniles 
leave streams after two years, the relevant ages to measure competition with brook trout occur 
during their first summer, when both are designated as age-0 by fish biologists, and their second 
summer when they are age-1 (yearlings).   

 Steelhead may also affect brook trout by their spawning activities, when female steelhead 
dig redds (nests) to deposit their eggs.  Steelhead spawn in late winter, and so a high density of 
adults may dig up the developing eggs and fry of brook trout that were laid in the gravel the 
previous fall (see Taniguchi et al. 2000; White 2014).  In addition, a very high density of 
steelhead eggs might use up oxygen in water flowing through the gravel, introduce waste 
products, and potentially allow any diseases to spread rapidly.  Unfortunately, nothing is known 
about this mode of competition in Great Lakes tributaries, which is very difficult to study, so it 
cannot be addressed here other than reporting the potential for it at high densities of spawning 
steelhead. 
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Methods for testing competition between trout species 

 Evidence for competition between trout species can be gathered in many ways.  For 
example, biologists could measure the densities of juvenile steelhead and brook trout across a 
range of streams to test whether brook trout are less abundant when steelhead are present versus 
absent.  A very different method is to place individual juvenile brook trout and steelhead in 
aquaria and determine who wins in trials of their dominance.  What evidence is most relevant? 

 Fisheries ecologists seek to synthesize evidence from measurements made in natural 
streams as well as that from controlled experiments, because there are key tradeoffs.  
Measurements in natural streams are the “real deal,” but differences among streams in other 
characteristics, such as temperature or flow can lead to “comparing apples to oranges” and 
confound the results.  In contrast, experiments in artificial streams in a laboratory allow 
controlling all variables other than those of interest, but the artificial environment may lead to 
results that don’t match the real world.  The holy grail is a field experiments in which many (but 
not all) extraneous variables can be controlled while testing the effects in natural streams. 

 The specific question that an experiment can answer also depends critically on how it is 
set up (designed).  Here are two questions that may be the most important in this case, but which 
require different experimental designs to test: 

1. Is growth or survival of brook trout reduced by adding steelhead, compared to when brook 
trout are alone?  This question addresses the scenario where steelhead have just arrived, such as 
after dam removal.  

2. Is growth or survival of brook trout reduced after steelhead replace some of the brook trout, 
perhaps after some period of time, compared to when brook trout were alone?  For example, if 
the stream can support a given total number of juvenile trout (termed its carrying capacity) then 
are individual brook trout worse off after steelhead replace some of them (assuming they do), or 
when they are alone and more abundant?   

Let’s say that we determine by sampling that a reach of stream 1000 yards long 
(averaging 8 yards wide) generally supports 4000 age-0 brook trout in June (based on densities 
of age-0 brown trout in Kocik and Taylor 2005).  To answer the first question, we could stock 
4000 more steelhead fry, whereas to answer the second we could remove half the brook trout and 
stock an equal density of steelhead, resulting in 2000 of each.  In both cases these “treatment” 
sections would be compared to a “control” section with 4000 age-0 brook trout.  The two 
experiments will give different results -- both relevant, but for different questions.   

In essence, the first question may be most relevant to answer for the initial phases when 
steelhead are first allowed access, whereas the second may be most relevant later, assuming 
steelhead reduce brook trout abundance. 

Another key question is what densities should we use in the experiment?  For example, in 
answering the second question above, comparing a treatment section with 2000 brook trout plus 
2000 steelhead to a control section with 4000 brook trout allows one to answer whether the effect 
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of adding steelhead is the same as the effect of adding the same number of brook trout.  
However, in real streams it may be that juvenile steelhead density is higher (or lower) than brook 
trout, and so using densities, and sizes of fish, closest to the “real deal” will provide answers 
most useful for management.   

A final issue focuses on repeatability.  The results of experiments are most believable 
when more “replicates” of the treatment and control are included.  For example, if only one 
treatment is compared to one control, it is possible that no matter how similar the stream reaches 
are, some feature not measured could have caused any difference found.  Replicates allow 
determining whether any differences in brook trout growth and survival caused by rainbow trout 
are greater than the natural variability in these measures for brook trout among different stream 
reaches.  Likewise, measuring the effects across different years allows assessing the natural 
variability through time as well.  

 

Evaluating the evidence 

 So, after laying out the most important issues for testing competition among trout species, 
what is the evidence for the effects of juvenile steelhead on brook trout?  Three forms are 
available, based on measurements in the field, laboratory experiments, and field experiments.   

Measurements in the field – At the broad geographic scale, rainbow trout have invaded habitat 
of native brook trout, and invasions are ongoing.  Rainbow trout introduced to streams of the 
Great Smoky Mountains in the late 1800s through early 1900s invaded the downstream reaches 
of mountain streams and apparently displaced brook trout, although logging caused severe 
habitat degradation and also played a role (Larson and Moore 1985).  Removal of rainbow trout 
across a wide range of streams has allowed brook trout to rebound, which indicates that rainbow 
trout are at least an equal competitor, and are likely a stronger competitor than brook trout 
(Fausch 1988).   

Rainbow trout stocked into tributaries of Lake Ontario and the St. Lawrence River have 
established reproducing populations (naturalized), and these have moved downstream and are 
invading other rivers with native brook trout (Thibault et al. 2009; Thibault and Dodson 2013).  
Likewise, steelhead stocked into Great Lakes tributaries starting in the 1890s have been 
successful in colonizing many rivers (Biette et al. 1981; Seelbach 1993).  It stands to reason that 
these fish may use food and habitat resources previously used by resident trout and other fish 
species, unless they can partition them so as to avoid competition. 

A paradox is that age-0 steelhead emerge later and so start out much smaller than age-0 
brook (and brown) trout, but grow faster and catch up by late summer (Rose 1986; Kocik and 
Taylor 1995; Thibault and Dodson 2013; Nuhfer et al. 2014).  In addition, Rose (1986) reported 
that growth of age-0 brook trout was initially high before rainbow trout emerged in an Ontario 
tributary to eastern Lake Superior, but then slowed afterwards, similar to the decline reported 
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after rainbow trout emergence in southern Appalachian streams by Whitworth and Strange 
(1983).   

Rose (1986) reported that the juvenile rainbow trout overtook brook trout in weight by 
late August.  Moreover, by the end of the summer brook trout were about one inch shorter than 
those in three Michigan streams without rainbow trout, even though the brook trout were similar 
in length in June (based on data in Cooper 1953).  Evidence from intensive research on brook 
trout in a Wisconsin stream indicated that brook trout this small would have low survival the 
next winter (Hunt 1969).   

Rose (1986) also found that the two species used positions with similar depths and 
velocities until late summer, and ate similar foods, but that the quantity of food in brook trout 
stomachs declined just after rainbow trout emerged.  He inferred from this that in early summer 
the smaller but more numerous rainbow trout ate most of the smaller food items, reducing the 
food available for brook trout, and that this was the reason their growth declined.  Density of 
each species is high just after emergence, and declines throughout summer, so when rainbow 
trout emerged the density of brook trout was about half that of rainbow trout, even though both 
were at similar density by the end of summer.  Thibault and Dodson (2013) also reported that 
juveniles of the two species used similar habitats during summer, and Johnson et al. (2016) 
reported that rainbow trout shifted to use faster velocities during late summer and fall, similar to 
the late-summer habitat shift reported by Rose (1986). 

Laboratory experiments – Although some experiments have been conducted pitting brook trout 
against rainbow trout in artificial streams and enclosures in natural streams (Newman 1956; 
Cunjak and Green 1984, 1986), these earlier studies are from other regions (western U.S., 
Newfoundland) and have drawbacks that make them inadequate or artificial (Fausch 1988), so 
they will not be addressed here.  The most relevant laboratory experiment for Great Lakes 
tributaries in Michigan was conducted by Kocik and Taylor (1994), in response to concerns by 
anglers in the 1980s that steelhead were causing reduced abundance of brown trout in the Pere 
Marquette River.   

Although this study was of age-0 brown trout rather than brook trout, the two species are 
quite similar.  Brown trout typically exclude brook trout from downstream reaches of streams in 
Michigan (Fausch and White 1981) and in mountain streams in France where brown trout are 
native (Blanchet et al. 2007), but the two species use similar positions in streams as juveniles and 
brook trout may dominate them under certain conditions.  For example, Fausch and White (1986) 
reported that age-0 brook trout dominated profitable positions when pitted against age-0 brown 
trout of equal size in an experiment in a laboratory stream.  Overall, brown trout are a close 
analog of brook trout, so that experiments testing the effects of steelhead on them are useful 
surrogates that provide important evidence. 

Kocik and Taylor (1994) set out to answer the second question described above, whether 
replacing some brown trout with steelhead will reduce the growth or survival of the remaining 
brown trout.  They created 8 replicate subsections in a laboratory stream, introduced 14 (control) 
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or 7 (treatment) wild age-0 brown trout per subsection, and after 18 days of acclimation 
introduced 7 age-0 steelhead fry to the treatment subsections.  The steelhead had been reared 
from eggs of wild parents.  This design mimicked the earlier emergence of brown trout, followed 
by later emergence of steelhead.  The sizes of fish closely matched those in natural streams, and 
fish were fed drifting invertebrates and kept under light and temperature conditions that 
mimicked the natural environment, such as by varying temperatures to match seasonal and daily 
cycles in streams.  The experiment ran 100 days, effectively covering an entire growing season.  
Many features of the experiment were as close to the natural environment as is possible in the 
laboratory, and the results were measured for an entire summer. 

One feature that is difficult or impossible to match in the laboratory is fish density, but 
certain assumptions can be made.  For example, the total density of fish at the start of the 
experiment in late June was 23 fish per square meter (14 fish in each 0.6 m2 subsection), yet in 
Great Lakes tributaries density of age-0 brook or brown trout is typically 0.2-0.5 per square 
meter (Rose 1986; Kocik and Taylor 1995; Nuhfer et al. 2014), which are very different.  
However, densities in natural streams are typically measured over the entire stream area, rather 
than solely in the habitat occupied by age-0 fry which are typically restricted to the stream 
margins.  In general, laboratory studies are almost always conducted at densities somewhat 
higher than the average for the “microhabitats” occupied by fish in the field, but it is not 
uncommon to observe densities of about 5-25 fry per square meter in the microhabitats they 
occupy during early summer in natural streams. 

So, what did Kocik and Taylor (1994) find?  In short, they found that age-0 brown trout 
suffered more from competition with their own species than they did from age-0 steelhead.  This 
is actually not surprising, and is even expected by ecologists, because the strongest competitors 
are usually members of one’s own species, rather than those of another species that has different 
requirements.  For example, Kocik and Taylor (1994) found that steelhead held positions higher 
in the water column whereas brown trout held positions near the stream bed, so brown trout may 
have interacted less with steelhead than other brown trout (although they didn’t measure these 
behavioral interactions). 

The main responses that Kocik and Taylor (1994) measured were 1) how many of the 14 
fish survived in each replicate of each treatment, and 2) how fast they grew.  Survival and 
growth are both useful measures of the effect of competition.  The upshot was that more brown 
trout survived to the end of the experiment when they competed against age-0 steelhead than 
age-0 brown trout (on average, 10 vs. 8 remained of the 14 fish that started), and brown trout 
grew faster when together with steelhead than when alone at the same total density.  They 
concluded that steelhead fry are somewhat weaker competitors than other brown trout, but 
acknowledged that results might be different at higher densities of steelhead fry.   

Field experiments – The most relevant field experiments are two done in Great Lakes tributaries 
in Michigan on the effects of juvenile steelhead on juvenile brown trout.  One combined lab and 
field experiment on the effects of nonnative rainbow trout and brook trout on native brown trout 
in the Pyrenees Mountains of southern France (Blanchet et al. 2007) is not relevant here.  In 
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large part this is because the design and field sampling were not as rigorous or comprehensive as 
the experiments described below, even though the overall results were similar. 

 Kocik and Taylor (1995) – In addition to the laboratory experiment described above, for 
his Ph.D. dissertation research John Kocik also conducted a field experiment in Gilchrist Creek, 
a tributary of Lake Huron.  A major tradeoff for any field experiment is between replication 
versus logistics and realism.  One can create many short reaches of stream to boost 
replication/repeatability, but the natural movements of fish and the logistics of keeping them 
separate among sections become nearly impossible to manage.  In the end, the authors opted for 
one treatment and one control section, which is termed an unreplicated experiment.  The upside 
is a more realistic experiment.  The downside is that some other difference between the sections 
besides the trout species could alter the main difference the researchers plan to measure. 

Kocik and Taylor (1995) created three 100-meter subsections within a reach with wild 
brown trout, and three subsections the same length in a separate reach more than 2 kilometers 
downstream in which recently-emerged steelhead fry were stocked on top of the wild brown 
trout.  Steelhead fry densities mimicked a range of densities from natural streams.  Eggs from 
wild Manistee River steelhead were reared in a hatchery, the fry transported to the study reach, 
and stocked at the end of May, matching the emergence timing in natural streams.   

Fish were sampled three times a year (June, October, February) the year before the 
stocking, and for two years afterwards.  This allowed measuring effects of steelhead on both age-
0 and age-1 brown trout, by comparing survival and growth from the treatment versus control 
sections, and from before steelhead were introduced to afterwards.  This “before-after control-
impact” design, as it is called, is the optimum experimental design to detect effects like these, 
although the best experiments employ replicate reaches of treatments and controls dispersed 
throughout the stream and selected at random (not just subsections within separate reaches). 

The results were quite complicated because of the multiple years of study, but the upshot 
was that age-0 steelhead apparently had negligible effects on age-0 brown trout survival, and 
age-1 steelhead had no effects on age-1 brown trout survival.  Careful analysis showed that both 
species reduced the growth of age-0 brown trout, with the effect of steelhead similar and slightly 
greater than the effect of other brown trout.  For age-1 brown trout, only other age-1 brown trout 
reduced growth.   

 Nuhfer et al. (2014) – Andy Nuhfer and his colleagues conducted an even more 
comprehensive and realistic field experiment of the same effects, of juvenile steelhead on 
juvenile brown trout, providing highly useful results for assessing potential effects on brook 
trout.   

 Nuhfer et al. (2014) compared long control sections (about 0.5-1.5 miles) in adjacent 
streams (Gilchrist and Hunt creeks), where wild brown trout occur in abundance, to a 2-mile 
treatment section in Hunt Creek where they transferred 80 pairs of wild steelhead spawners each 
spring for 6 years (1998-2003).  They also compared the results to the 3 years before and 3 years 
after steelhead introductions as an additional “control”.   
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As for the field experiment by Kocik and Taylor (1995), this field experiment addressed 
the first question above about competition -- whether steelhead that immigrate into a stream 
reach and add to the total density reduce the growth and survival of brown trout, compared to 
sections with no steelhead.  Although the experiment was also unreplicated (replicates would 
require additional stream reaches of similar length with and without steelhead, which is 
logistically very challenging), most aspects of the design were as realistic as feasible for such an 
ambitious field experiment. 

 These investigators analyzed the effect of age-0 and age-1-and-older steelhead on the 
same age classes of brown trout, comparing data for years when these age classes of steelhead 
were present versus those when they were absent.  For example, data comparing age-1 brown 
trout growth and survival with and without age-1 steelhead were available from 2004, the year 
after introductions stopped, because steelhead spawned the previous year so that age-1 juveniles 
still remained. 

 The first key result was that although age-0 steelhead had no detectable effect on density 
of age-0 brown trout, the density of age-1-and-older brown trout that were exposed to steelhead 
as age-0 fish was about half that of brown trout that were not exposed to steelhead.  This was 
detected by comparing the treatment section (steelhead added) versus one of the control sections 
(no steelhead), as well as by comparing the treatment section when steelhead were present for 6 
years versus when they were absent before and after spawners were introduced. 

  A second key result for survival explains these results for density.  Survival of brown 
trout from age 0 to age 1 in the treatment section, over winter from one summer to the next, was 
37% when they were alone (about 1 in 3 fish survived) but only 23% when steelhead were 
present (only about 1 in 4 fish survived).  In contrast, survival didn’t change significantly during 
this period in the control section without steelhead. 

 A third key result was that when survival was measured more closely in some subsections 
of the treatment section and one control section, for just the period over winter (late summer to 
the next spring), the results were even more striking.  On average, in the treatment section 7 of 
10 age-0 brown trout survived the winter (70% survival) when brown trout were alone (before 
and after steelhead were introduced) versus only 4 of 10 (43%) when steelhead were present.  In 
contrast, there was no such difference in survival for these periods in the control section, which 
lacked steelhead. 

 A fourth result was that there was no effect of steelhead on growth of brown trout in any 
comparison, unlike the effects on growth of brook and brown trout reported by Rose (1986) and 
Kocik and Taylor (1995).   

 Nuhfer et al. 2014) concluded that “Our case study clearly showed that interactions 
between juvenile steelhead and brown trout reduced the survival of young brown trout and 
lowered the abundance of older and larger brown trout in Hunt Creek.”  This effect was caused 
by steelhead reducing survival of brown trout during their first year of life, and specifically over 
the winter period.  However, why were these results different from those reported by Kocik and 
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Taylor (1994, 1995) for their laboratory experiment (no effects on survival or growth) and field 
experiment (effects on growth but not survival)? 

A main reason why the results of this experiment may have been different than the field 
experiment of Kocik and Taylor (1995) is that relative densities of steelhead in the treatment 
sections were higher.  Average density of age-0 steelhead was 3 times that of age-0 brown trout 
during late summer in the study by Nuhfer et al. (2014), whereas it was equal to or less than that 
of age-0 brown trout in June and October during the two years of Kocik and Taylor’s (1995) 
study.   

The high density of age-0 steelhead in the treatment section during years when steelhead 
spawners were introduced by Nuhfer et al. (2014) clearly reduced annual survival of age-0 
brown trout, whereas survival in the Gilchrist Creek was more stable (Figure 1).  Analysis of 
survival at different total densities of age-0 trout in both sections showed that survival of age-0 
brown trout declined with density, and at a similar rate regardless whether they were competing 
with their own species, or a mixture of brown trout and steelhead (Figure 2).  This indicates that 
age-0 steelhead have a similar effect on age-0 brown trout as do other age-0 brown trout, or 
slightly less impact as shown by the laboratory experiment of Kocik and Taylor (1994) and the 
analysis of Nuhfer et al. (2014) in Figure 2. 

Several investigators suggest that even though steelhead are smaller than brown trout 
during much of the first summer, defending against these smaller intruders may require that age-
0 brown spend energy and waste time that could be spent feeding, thus reducing their growth and 
overwinter survival (Kocik and Taylor 1995; Nuhfer et al. 2014).  Rose (1986) proposed a 
similar mechanism to explain why rainbow trout reduced growth of brook trout. 

Two key differences in experimental design support the argument that the results of 
Nuhfer et al. (2014) are likely to be the most relevant of the three experiments: 1) adult steelhead 
were allowed to spawn, and the fry emerged naturally instead of being stocked; and 2) treatment 
and control reaches were long (0.5-2 miles) and were measured for more than a decade, allowing 
random fluctuations across space and through time to be averaged out.  Even though the 
treatment section was not replicated (which would have been challenging), this large-scale and 
long-term field experiment gives important insight into the actual mechanisms by which juvenile 
steelhead can reduce survival, and hence density, of juvenile brown trout in Great Lakes 
tributaries. 
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Figure 1.  Density of age-0 trout (left Y axis; species combined in Hunt Creek treatment 
section) and the corresponding percent survival of brown trout from age-0 to age-1 (right Y axis) 
for the experiment by Nuhfer et al. (2014; their Figure 4). 
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Figure 2. Percent survival of brown trout from age-0 to age-1 as a function of total density of 
age-0 trout, when age-0 steelhead were present (treatment section; grey squares and grey 
regression line) versus absent (control section: black triangles and black regression line).  The 
dashed line is the regression line for both sections combined.  From Nuhfer et al. (2014, their 
Figure 5). 

 

Extrapolating results to the Boardman River  

 Like most rivers in Michigan, the Boardman River has undergone substantial changes 
since Euroamericans first colonized the region.  The river originally was inhabited mainly by 
grayling (Thymallus arcticus), during a period up to the 1840s when the first historical accounts 
report that brook trout apparently were restricted to the Upper Peninsula (Vincent 1962).  
However, Vincent (1962) inferred from subsequent accounts that brook trout expanded their 
range naturally during the mid-1800s to include rivers in the northwestern Lower Peninsula, and 
became common in the Boardman River by the 1850s. Therefore, based on a careful analysis of 
the zoogeographic and historical data, Vincent (1962) reported that brook trout are apparently 

With steelhead With steelhead 

Without steelhead 
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native to the Boardman River.  I note that this contradicts the assessment of the Boardman River 
by Kalish and Tonello (2014), who report that only grayling were native.  Neither they nor 
Vincent (1962) provide any evidence of early stocking of brook trout in the river before the 
1850s, which seems unlikely.  Further historical analysis would be required to refute or support 
early stocking as a source.  

 Steelhead would likely reproduce successfully in the Boardman River, and the young 
would likely rear successfully and emigrate to Lake Michigan.  The Boardman River has a 
highly stable flow regime (Kalish and Tonello 2014), and supports both brook and brown trout 
spawning and rearing.  In other regions, rainbow trout early survival can be limited by severe 
spring floods during their emergence period (Fausch et al. 2001; Fausch 2008), but such floods 
are highly unlikely in the Boardman and other Michigan rivers fed from deep groundwater 
aquifers.  Large rainbow trout of 8-12 pounds were caught in the Boardman River by 1909 
(Bower 1909), so at least the lower reaches of the Boardman River below the Boardman Dam 
(constructed 1894) and Sabin Dam (1906) were apparently suitable for rainbow trout or 
steelhead reproduction. 

 The evidence from field measurements presented by Rose (1986) for age-0 brook trout 
that interacted with age-0 rainbow trout in an Ontario tributary of Lake Superior, and the 
evidence from field experiments presented by Kocik and Taylor (1995) and Nuhfer et al. (2014) 
for age-0 and age-1 brown trout interacting with the same ages of juvenile steelhead indicate that 
juvenile steelhead can reduce growth and survival of resident brook trout and brown trout in 
Great Lakes tributaries like the Boardman River. 

 Whether survival and growth of juvenile brook trout would be reduced by interactions 
with juvenile steelhead, such as competition or predation, or possibly by the effects of digging 
activities of adult steelhead making spawning redds, will depend on a host of factors, and so 
cannot be easily predicted in advance.  These include, but are not limited to: 

1. The distribution of steelhead spawning along the river, compared with the distribution of 
major spawning areas of brook and brown trout 

2. The densities of steelhead allowed to ascend and spawn, and the resulting densities of their fry 

3. The production of aquatic invertebrates that feed trout, as well as the biomass of terrestrial 
invertebrates that fall into streams from the riparian zone 

4. Ongoing changes in water temperature and stream habitat after removing the Brown Bridge, 
Boardman, and Sabin dams, and the potential for lower temperatures and improved stream 
habitat to cause further increases in brook trout abundance.  Michigan Trout Unlimited (2016) 
reported increases in brook trout abundance above, below, and within the area covered by the 
impoundment of Brown Bridge Dam, based on the limited data available 
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Comments on a comparative analysis by Nuhfer (2007) 

In spring 2007, during the final years of data collection for the experiment by Nuhfer et 
al. (2014), Nuhfer (2007; appendix F in Kalish and Tonello 2014) wrote a commentary analyzing 
the potential effects of juvenile steelhead on juvenile brown trout in other rivers, and specifically 
the Boardman River.  He used long-term data from 17 Michigan rivers (most without many 
juvenile rainbow trout) to show that survival of age-0 brook trout and brown trout declined at 
high densities of age-0 trout, as it did in Hunt and Gilchrist creeks (Figure 2).  Nevertheless, 
when he analyzed data for sampling sites in another set of 29 Michigan rivers that included those 
with age-0 rainbow trout, there was no apparent relationship between total age-0 trout density 
and age-0 brown trout survival, unlike the clear relationship for their field experiment (Figures 1 
and 2).  Indeed, 6 of these streams in which more than half the age-0 trout were rainbow trout 
had higher than average survival of age-0 brown trout.    

 Further analysis of data on all age-classes of trout in 46 Michigan streams showed that 
some with steelhead runs nevertheless had high standing crops (total weight) of resident brook 
and brown trout.  Why do these results appear different than their field experiment? 

In a complicated argument, Nuhfer (2007) concludes that age-0 steelhead are less likely 
to reduce survival of age-0 brown trout when brown trout densities are lower than in Hunt Creek, 
such as in the Boardman River2.  I think the analysis to support this argument is too simple, for 
two reasons.  First, all three experiments indicate that when age-0 brown trout are at carrying 
capacity, such as in the largely ideal conditions of Hunt and Gilchrist creeks, age-0 steelhead, 
even though smaller, are capable of competing with them and reducing their growth and survival 
(Kocik and Taylor 1994, 1995; Nuhfer et al. 2014; Figure 2), even if somewhat less than 
additional age-0 brown trout.   

Second, a key point is that the effect of steelhead will depend on what causes the 
densities to be lower than those in their experiment.  If density of age-0 brown trout is low in a 
particular stream because trout are at carrying capacity and food and space are limited, then the 
results from the experiments above support the argument that either survival (Nuhfer et al. 2014) 
or growth (Kocik and Taylor 1995), or both, would be reduced.  This is because age-0 steelhead 
will compete for those limited resources.  In contrast, if age-0 brown trout density is low because 
other environmental factors like unfavorable temperatures or flooding reduce their survival, but 
food and space are plentiful, then steelhead are less likely to have these effects. 

This paradox highlights the truism that other factors that vary among streams can obscure 
clear relationships found by field experiments in a single stream.  Streams differ in width and 
depth, flow, temperature, and food production.  Some have habitat more favorable for brook and 

                                                 
2 Data from several sources show that densities of age-0 brown trout in Hunt and Gilchrist creeks when steelhead 
were not present were about 350-1000 per acre (calculated from Nuhfer et al. 2014; Table 1) whereas combined 
densities of age-0 brook and brown trout in the Boardman River were about 200-600 per acre at four of five sites in 
2004-2005 (Nuhfer 2007) and perhaps similar at three sites in 2015 (Michigan Trout Unlimited 2016; based on 
totals for all age classes, most of which would be age-0 trout). 
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brown trout, such as those with stable winter flows when eggs of fall-spawning trout are 
incubating in the gravel.  In contrast, others favor rainbow trout, which are spring spawners and 
can do well even when winter flows are low and ice conditions are harsh.  It is unrealistic to 
expect the results of a given experiment to hold in all streams, which span a wide range of 
widths, flows, bed forms, and other environmental conditions. 

  

Conclusion 

A persistent challenge for fisheries ecologists is to apply results of field sampling and 
experiments conducted in particular rivers to other rivers in the same region where conditions 
may be different.  The crux of the problem is that even when investigators conduct large-scale 
and long-term experiments that are highly realistic, these experiments show what can happen in 
a particular stream, but may or may not predict what will happen in other places and at other 
times.   

 There is clear evidence from field measurements and lab and field experiments that 
juvenile rainbow trout and steelhead can cause decreases in growth and survival of juvenile 
brook trout, and of juvenile brown trout which have a similar life history and ecology, in 
tributaries of the Great Lakes.  Whether or not this would occur in the Boardman River, by the 
effects of competition, predation, or the spawning of adult steelhead, depends on many factors, 
including spatial overlap in their spawning, the density of juvenile steelhead, the production of 
aquatic invertebrates and input of terrestrial invertebrates that feed trout, and the ongoing 
changes in river habitat after dam removal which may favor brook trout. 

 There are many stakeholders interested in the Boardman River and its fishes.  Options for 
future management range from conserving the river for resident trout and their fishery to opening 
up habitat for migratory salmonids like steelhead and Pacific salmon (Kalish and Tonello 2014; 
White 2014).  Addressing the scientific question of the effect of a given density of steelhead on 
brook trout in the Boardman River could be accomplished through a field management 
experiment conducted in a true adaptive management framework (see Conroy and Peterson 2013 
for examples), although this would likely require 15 years or more to complete.  Addressing the 
additional social, economic, and policy issues that attend this decision are also best incorporated 
into the adaptive management experiment, but require wise leadership and a strong commitment 
by all concerned for this same extended period.  
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