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Abstract 

 Trout stocking has been a means to supplement ailing freshwater systems and provide 

greater recreational opportunities for anglers. From this practice of stocking, non-native brown 

and rainbow trout have reproduced and spread throughout the many freshwater streams of 

Pennsylvania, building a population of non-native wild trout. Along with the native brook trout, 

additional hatchery trout are added to the streams these non-native wild trout inhabit in the hopes 

of providing more fish for anglers to catch and greater economic benefit to the state of 

Pennsylvania. Stocking hatchery trout when wild trout are already present in bodies of water has 

been shown to reduce the wild trout population and potentially reduce angler catch rates. Using 

the literature, I found stocking trout has numerous harmful ecological impacts on native and wild 

trout as well as the ecosystems they inhabit. I calculated the results of eliminating stocking in 

twelve “Class A”, wild trout streams that are currently being stocked by the Pennsylvania Fish 

and Boat Commission (PFBC). I found that once we stop stocking these twelve sections, there 

will be more trout biomass in these streams from wild trout populations than from previously 

stocked and wild trout populations combined. While I found that there would be more trout in 

these streams if we eliminated stocking, I calculated that there would be less economic benefit 

for the state of Pennsylvania if stocking were eliminated.  
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A Discussion of the Ecological Impacts of Trout Stocking and a Cost-Benefit Analysis of 

Stocking Trout in Pennsylvania’s Class A Wild Trout Streams 

Introduction 

The fisheries of North America have provided for humanity for thousands of years, from 

the shad and sturgeon of Chesapeake Bay to the Chinook salmon of Alaska. Native Americans 

were the first to harvest the plentiful fish species including the native brook trout. This species of 

char is native to the East Coast of North America and flourished in the shaded, cool, spring fed 

streams, rivers, and lakes of the Appalachian Mountains. Pennsylvania’s state fish, the brook 

trout, is considered by many to be one of the most beautiful species in existence. Brook trout 

once inhabited almost every watershed across Pennsylvania, but the native fish simply could not 

sustain populations in the rapidly changing, unregulated landscape of the Eastern United States. 

The decline of brook trout occurred due to large scale clearcutting, farming, dams, mining, 

pollution, introduction of non-native trout, overharvesting and other human related activities 

after European arrival (Halverson, 2010). The Pennsylvania Fish and Boat Commission (PFBC) 

was created in 1866 as a response to poor stream conditions that occurred due to the various 

human related activities listed previously (Weber et al., 2010). Along with these destructive 

practices, it has long been a human tendency to believe that we can engineer the environment to 

make it more productive from row-crop farming to aquaculture. In 1888, the PFBC reported that 

hundreds of these degraded streams had been restored when, they had simply been stocked with 

inferior hatchery raised fish. During the 1800s, trout stocking had been used as a remedy for 

large scale environmental degradation that had destroyed the wild fish populations present in the 

streams (Weber et al., 2010). The introduction of non-native brown and rainbow trout in the late 

1800s in Pennsylvania was spurred on by the decline of native fish and the waterways 



 

themselves (Weber et al., 2010). These non-native trout were better able to withstand the 

environmental conditions created by agriculture, pollution, and clearcutting, such as increases in 

sediment, water temperature, and lower oxygen levels (Halverson, 2010). Stocking gave anglers 

a chance to catch bigger trout as the introduced trout could grow considerably larger during the 

hatchery process than many of their wild relatives (Halverson, 2010). These non-native trout 

quickly established wild populations of their own, and today non-native wild brown and rainbow 

trout populations are common across Pennsylvania. These wild non-native trout are a 

consequence of stocking, and continued stocking could lead to the establishment of more wild 

populations of these invasive trout species. 

Over 100 years after the origination of trout stocking in Pennsylvania, it is still a popular 

practice across the state and across the United States where millions of hatchery reared fish are 

introduced into water ecosystems annually. In the last 50 years, some states have come to the 

realization that stocking is no longer necessary where wild trout are present. There is evidence 

that stocking hinders the wild trout population and may lead to less productive fisheries overall 

(Carline et al., 1991; Vincent, 1987; Baer & Brinker, 2010). In Pennsylvania, wild trout streams 

are often stocked with trout to provide higher catch rates, and to increase fish harvest. Stocking is 

also crucial to the fisheries’ economy of Pennsylvania. A study conducted by the Pennsylvania 

Fish and Boat Commission showed that stocking streams was cost effective for the state with 

only opening weekend angler expenditures taken into consideration (Greene & Weber, 2007). 

This means that more money was spent by anglers on just the first two days of trout season then 

was spent to raise and stock the fish by the PFBC. This study overlooked how stocking trout 

diminishes wild trout populations already present in many of these streams, how these stocked 

populations are short lived, and whether angler expenditure would occur if these streams were 



 

not stocked (Johnson et al., 1995). I will be focusing on Class A streams, which host the largest 

production of wild trout biomass. Examining how wild non-native and native populations of 

trout interact with one another and how they are influenced by stocking is crucial to 

understanding how stocking leads to fewer trout in Pennsylvania's wild trout streams. I propose 

that calculating the potential difference in wild trout biomass and conducting a holistic cost-

benefit analysis will show that stocking over Pennsylvania’s Class A wild brown trout streams 

should be ceased. 

Ecological Impacts of Trout Stocking 

Wild trout are those that are born through a process of natural reproduction in the 

environment. Wild trout reproduction can occur through stocked hatchery trout that reproduce 

post-stocking or wild born trout that then reproduce. Brown and Rainbow trout are non-native 

trout species present in Pennsylvania. Brook trout are native and live in the wild throughout 

Pennsylvania. Brown, Rainbow, and Brook trout are all stocked by the PFBC in an attempt to 

increase fishing opportunities for the anglers of Pennsylvania. Brook trout were the first wild 

trout used for stocking in the state. These fish once grew to more than ten pounds in some lakes 

and rivers from New York to the region of Labrador and onward to the Nipigon River in Ontario 

Canada, where a 14.5lb Brook trout was caught in 1915 (Clearwater, 2020). Today in 

Pennsylvania, Brook trout have been pushed to headwater streams where they seldom grow 

larger than ten inches. Brook trout have encountered numerous challenges in the last 200 years 

including a decrease in their geographical range, being overrun by invasive, non-native, wild 

trout species, population fragmentation, and continually having to adapt to the introduction of 

stocked hatchery trout (Figure 1, see in appendix). The Brook trout is now one of three wild trout 

species competing for angler attention in Pennsylvania. Wild Brown, Brook, and Rainbow trout 



 

populations continue to be stocked today, and understanding the ecological consequences of this 

activity is key to evaluating how stocking impacts both anglers and Pennsylvania’s economy. 

Wild Brook trout populations do not respond well to the introduction of hatchery trout. A 

study was conducted with wild Brook trout and hatchery Brown trout in a man-made stream 

environment to document what happens when hatchery Brown trout are introduced. Habitat use 

by native Brook trout differed when the hatchery Brown trout were introduced, and the Brook 

trout feeding rate was significantly reduced (Dewald & Wilzbach, 1992).  One or more of the 

Brook trout in each mixed trial became infected with a fungus and died within a few days. This 

study displays how hatchery Brown trout impact Brook trout by simultaneously reducing their 

tendency to feed and potentially introducing diseases (Dewald & Wilzbach, 1992). If fish do not 

feed they are less likely to grow, successfully reproduce, and survive stressful events such as 

warm summer waters or extreme floods. The introduction of disease could also cause population 

collapse in species that have not encountered these diseases before. Introduction of hatchery trout 

and their wild offspring can have many impacts on native Brook trout.  

When wild Rainbow trout were removed from a Brook trout stream in Smoky Mountains 

National Park, the Brook trout shifted to deeper waters and away from overhead cover (Lohr & 

West, 1992).  Rainbow trout directly compete with Brook trout for resources, and with their 

removal more ideal positions for native Brook trout become available. This means that the Brook 

trout are better able to utilize ideal feeding positions in the stream and, therefore, are more likely 

to feed, grow, and reproduce. Another study from the same national park showed that Brook 

trout populations increased after wild Rainbow trout populations were reduced in multiple 

streams (Moore et al., 1983). The presence of wild Rainbow trout resulted from stocking within 

the park. In a similar study, wild Brown trout were removed from a Brook trout stream, and the 



 

Brook trout took up more advantageous resting positions. This means they no longer had to 

expend as much energy in suboptimal resting positions present in fast velocity stream areas 

(Fausch & White, 1981). These three studies show that non-native trout compete with Brook 

trout and can displace them from ideal stream areas. In some instances, these invasive trout 

species create a fishery in places where Brook trout simply cannot live due to abiotic factors such 

as temperature and turbidity. In others, they invade strongholds of the native fish and leave 

Brook trout populations vulnerable to environmental disturbances.  

In Minnesota, a study observed a Brook trout stream that transitioned to a Brown trout 

dominated stream in a span of 15 years (Waters, 1983). In this study, a flood event occurred in 

1965, leaving the Brook trout density of Valley Creek much lower than it had previously been. 

After this event, the Brook trout population recovered and reached a density maximum while a 

small number of Rainbow and Brown trout were also present in the stream. The Rainbow trout 

are believed to have come from stocked ponds that were overtopped during the flood event and 

the non-native Brown trout had been present in very small numbers prior to the flood event. 

After another dip in Brook trout populations occurred in 1971, Brown trout populations steadily 

increased along with Rainbow trout populations as Brook trout density reached a low point for 

the 15 year study period (Waters, 1983). Brook trout were found in suboptimal side pockets of 

water close to cover, as in other studies (Lohr & West 1992; Waters, 1983). This Valley Creek 

study illustrates how invasive Brown and Rainbow trout originating from hatcheries can infiltrate 

a stream and then dominate native Brook trout.  

Not only do Brown trout push Brook trout to suboptimal stream positions, but they 

interfere with reproduction. Twelve redds— “redd” being a trout nest containing their eggs—

were video monitored in Valley Creek in Minnesota, the same creek that experienced the Brown 



 

and Rainbow trout invasion. In half of the interactions recorded, interspecific species mating 

behavior between Brook and Brown trout occurred, and females did not seem to distinguish 

between the males of either species (Grant et al., 2002). This activity likely reduces the 

reproductive success of both species by wasting gametes (Grant et al., 2002). In rare cases, these 

two species of fish can produce hybrid trout, but these hybrid trout are infertile. Brown trout 

invasion has occurred and continues to occur in many trout streams across Pennsylvania.  

Previous literature would suggest that subsequent Brook trout reduction has most likely followed 

these invasions. This reduces the areas in which anglers can catch Brook trout and initiates the 

replacement of an ecologically important native fish with an invasive fish species. 

Established Brown trout populations are also impacted by stocking. Hatchery Brown 

trout were introduced into Spruce Creek, a wild Brown trout stream in Pennsylvania, and the 

encounters between the hatchery fish and wild fish were visually observed from towers. Wild 

Brown trout tend to minimize the energy they use and stay in a small range of the stream they are 

familiar with for their lifetime (Bachman, 1984). Hatchery fish rarely engage in energy 

minimizing behavior and move more frequently. This movement disrupts the feeding hierarchy 

that wild fish have already established and leads to some hatchery fish occupying ideal stream 

positions (Bachman, 1984). Fights for prime feeding positions were recorded and, in one 

instance, a fight lasted three and a half minutes for one wild fish attempting to defend itself from 

seven invading hatchery Brown trout. After that encounter, the wild trout was breathing heavily 

and appeared to be stressed (Bachman, 1984). When the stream section was electro fished, none 

of the 400 hatchery fish were present from stocking the two previous years because stocked fish 

have been shown to use more energy, eat less, and are potentially too large to sustain themselves 

in their new environment long-term (Bachman, 1984). This is consistent with a study done in 



 

Colorado where only 1% of stocked trout survive the year (Johnson et al., 1995). Stocking may 

provide a very short-term fishery, but in the long run these introduced hatchery fish disrupt wild 

populations and can harm the year-round trout fishery.  

The hatchery fish that do survive through the summer or are stocked in the fall have the 

chance to reproduce. If these fish are stocked into a stream with wild fish present they may 

influence the genetic integrity of the wild trout population. Genetically marked hatchery Brown 

trout were introduced into a river in Norway and their genetic contribution was estimated at 

between 15-20% for age 0 wild trout. The survival of wild trout offspring was three times that of 

offspring from hatchery trout or hybrid offspring from hatchery and wild trout (Skaala et al., 

1996). These offspring do not have suitable genetics as they have not been shaped by their 

environment. In the hatchery, fast growth is the priority. This may mean that the offspring of 

hatchery trout have a good chance of surviving early stages due to the larger size of their parents 

and the likely larger size of their eggs (Skaala et al., 1996). However, they have maladaptive 

traits for the local body of water they inhabit. If enough foreign genetic material from hatchery 

fish is added to the gene pool it could disrupt the distinct local genetic signature of the wild fish.  

Hatchery trout also impact wild trout genetics through competitive pressures. Stocking 

trout selects for wild trout that can survive this pressure. It also means that any larger wild fish 

may be harvested by anglers who fish the stream because it is stocked by the state. Stocking thus 

selects for smaller fish that can stay in suboptimal stream areas and survive on scraps (Vincent, 

1987). These fish are unlikely to grow large as they do not have the ability to feed in the optimal 

areas that the larger hatchery fish are likely to inhabit. Once these wild trout pass on their genes, 

their offspring could continue to be small and feed in suboptimal stream areas, creating a 

selective process for small individuals who can survive trout stocking.  



 

 

Hatchery trout can introduce more than genetic material. With close quarters and large 

numbers of trout present in hatcheries, disease is a constant threat and stocking can lead to the 

introduction of diseases into wild trout populations. Issues that trout hatcheries have faced 

include fungal infections, gill lice, and whirling disease. Unfortunately, all these diseases have 

been introduced into wild trout streams whenever infected hatchery trout are stocked or water 

containing the pathogens is released (Yamashita, 2019; Mitro, 2016; Dewald & Wilzbach, 1992). 

Gill lice are not native to Pennsylvania but are native in other areas where Brook trout are found 

(Yamashita, 2019). These arthropods attach to Brook trout gills, fins, bodies, and branchial 

cavities which impacts respiration. (Mitro, 2016). This can result in adverse health impacts for 

the Brook trout while Brown trout are unaffected. Increases in water temperature and decreases 

in stream flow rate allow for this parasite to spread and reach higher levels of productivity. A 

combination of Brown trout invasion and Gill lice introduction can lead to the extirpation of 

Brook trout (Mitro, 2016). Gill lice were first reported in the 1980s.  In 2016 there was an 

increase in Gill lice reports and the presence of Gill lice in wild Brook trout populations. There 

are two species of Gill lice present in Pennsylvania; one species attaches to Brook trout, and the 

other attaches to Rainbow trout. Gill lice have been found in 46 Brook trout streams as of 2018 

(Yamashita, 2019). In one stream in Pennsylvania, Brook trout were extirpated from one section 

that had reported Gill lice two years prior (Yamashita, 2019).  This illustrates the harmful 

impacts of Gill lice on Brook trout population stability. Whirling disease, native to Europe, is 

another parasite that impacts Brook and Rainbow trout species (Besler, 2015). This disease 

causes the destruction of nerves and cartilage and leads to fish swimming in a whirling pattern, 

hence its name. Like Gill lice, if a hatchery is found to have fish with whirling disease, all of the 



 

fish are killed and buried. In the wild, this parasite has been destructive to trout fisheries in 

Montana, but so far there have not been serious known consequences in Pennsylvania (Besler, 

2015). There are many more living organisms in these bodies of water than just wild trout.  

Other species are impacted by the introduction of hatchery trout and the subsequent non-

native trout reproduction that has occurred. These non-native trout consume native insects and 

fish.  They are also capable of consuming mice and frogs if they grow large enough. Fortunately, 

these non-native trout have not been connected to a decline in the invertebrate community 

present in stocked streams (Alexiades & Kraft, 2016). These invertebrate species are crucial to 

the food web and the native ecological community. Consumption of Brook trout and other native 

fish by non-native Brown trout has been documented (O’Rouke, 2014). Brown trout only start to 

consume fish after they reach eleven inches (Garman & Nielsen, 1982). This size is commonly 

achieved among wild Brown trout that make it to adulthood across Pennsylvania, and the 

average stocking size of trout in Pennsylvania is eleven inches (Weber et al., 2010). If many 

large Brown trout are present in a stream, this predation can potentially have an impact on native 

fish populations. The reduction in native fish species could lead to inbreeding, loss of genetic 

diversity, and potentially extirpation of species. This can then create a ripple effect across the 

food web for other native organisms that interact with the species impacted by predation. For 

example, a reduction in White suckers due to predation from Brown trout may lead to 

abnormally high levels of aquatic plant and algal growth in waterways. 

There are many direct effects of stocking trout in streams, but it is vital to also examine 

the indirect effects. Nationally, 28 million pounds of trout are raised annually to be stocked in 

streams, lakes, and ponds for recreation. These fish need food to grow and then turn this food 

into waste known as effluent. 34 million pounds of fish food are needed to raise and sustain this 



 

many pounds of trout (Thompson, 2015). This pellet feed is derived from menhaden, anchovies, 

and herring, fish species that are not being harvested sustainably according to NOAA (NOAA, 

2020; NOAA, 2019). We are harvesting ecologically crucial ocean fish species at unsustainable 

rates to support a freshwater hobby that is also disrupting freshwater ecosystems (Thompson, 

2015). This process does employ people who commercially harvest fish, people who turn that 

fish into fish food, and hatchery employees that grow the fish. It also indirectly impacts the 

economy of Pennsylvania through increased fishing license sales and angler expenditure. The 

process of raising trout results in six million pounds of effluent that can lead to nutrient pollution 

in waterways downstream of hatcheries across the country (Thompson, 2015). Nutrient pollution 

leads to harmful algal blooms that can reduce the oxygen in waterways necessary to sustain 

aquatic life. Stocking of non-native Brown trout has been shown to influence nutrient levels in 

streams and these hatchery trout can input up to 85% of the nitrogen capacity for the stream 

(Alexiades et al., 2017). This means that these fish introduce high levels of nutrients into the 

systems where they are stocked, and if these systems already have nutrient pollution they could 

contribute to eutrophication downstream.  

In Pennsylvania, effluent and uneaten food from hatcheries has polluted streams for as 

long as hatcheries have been in existence. In 2002, the number of trout stocked by the PFBC was 

reduced by 28% from the years prior (Ready et al., 2003). This occurred because Big Spring 

Hatchery had to be shut down due to excessive nutrient pollution into what was once a pristine 

Brook trout fishery. Other hatcheries also had to cut back on their nutrient pollution (Berg, 2001; 

Weber et al., 2010). Nutrient pollution was partly addressed with hatchery system upgrades that 

began in 2005. These upgrades cost an estimated $16,055,415 for eight trout hatcheries across 

the state (PFBC, 2020, Report of activities). These funds could have been directed towards 



 

property acquisitions to increase public access or stream restoration projects. Restoration projects 

will become increasingly important for the future of trout fishing as Pennsylvania faces climate 

change. 

Climate change is increasing global average temperatures and causing greater 

disturbances alongside humans, who have created large scale environmental and ecological 

changes. In Pennsylvania, farming, man-made ponds and lakes, and impermeable surfaces all 

impact water and habitat quality for trout. Climate change is predicted to cause a 47% decline in 

total suitable habitat for all trout in the interior western United States by the 2080s (Wegner et 

al., 2011). This includes non-native Brook and Brown trout that are present in this area of the 

United States. Brook trout are even more susceptible to climate change because they are more 

sensitive to environmental factors such as higher temperatures that result in lower dissolved 

oxygen levels (Halverson, 2010). Brook trout will increasingly be pushed to headwater streams 

as wild Brown and Rainbow trout move up into the shrinking habitable zones of streams that 

remain cold enough to sustain trout year around. Warming temperatures also impact stocked 

trout streams that become too warm and anoxic during the summer, and these streams will be 

even worse at sustaining trout populations. In all, a warming climate means fewer opportunities 

for anglers fishing for both wild and stocked trout. 

Wild Trout Response to Eliminating Stocking 

Brown trout have established populations in many Pennsylvania streams and are here to 

stay. Rainbow trout have experienced more difficulty establishing populations in the state, but 

there are numerous streams with wild populations. Brown trout are prized by anglers and grow 

much larger than wild Brook trout in Pennsylvania. Like Brook trout, these fish are often stocked 

over by the state with the goal of supplying more fish for anglers. With the major ecological 



 

disruption that hatchery trout create for wild trout through feeding lane competition, reproductive 

competition, genetic degradation, and disease introduction, wild trout are less likely to have 

robust populations when they are stocked over with hatchery trout. What one scientist learned 

during his famous study in Montana was that stocking hatchery trout into wild trout streams does 

not simply add fish but hurts the existing populations and may decrease the number of trout 

present overall (Halverson, 2010, p. 120).  

Trout stocking in America was the status quo for 100 years until Richard Vincent decided 

to investigate declining wild trout populations. He examined the effects of stocking on these wild 

trout populations. Catchable Rainbow trout were being stocked into the Madison River while 

O’Dell Creek was not being stocked (Vincent, 1987). These streams were electro fished and trout 

population estimates were made. The Madison River study area was then broken up into a no 

stocking section and an area where stocking continued. O’Dell Creek, a wild trout stream, was 

not being stocked prior to the study and this stream was then stocked for three consecutive years. 

Both streams contained wild non-native Brown and wild non-native Rainbow trout prior to the 

study. 

When rainbow trout stocking stopped on the Madison River section, Vincent found that 

wild Brown trout over the age of two increased by 160% in both population and biomass four 

years after the last trout stocking. Wild Rainbow trout increased 868% in population and their 

biomass increased 1016%. Brown trout biomass peaked two years after stocking ceased and wild 

Rainbow trout biomass continued to increase for four years (Vincent, 1987).  

The two year and older wild trout biomass were cut in half by stocking in O’Dell Creek 

with the wild trout that were 10-17.9 inches showing the most significant declines (Vincent, 

1987). Larger wild Brown trout were the ones that suffered from stocking, the same fish that are 



 

prized by anglers. This research showed that eliminating stocking of catchable Rainbow trout 

could lead to a better wild fishery that produced larger wild Rainbow and Brown trout. This 

study led the state of Montana to ban stocking of trout in waters that contain naturally 

reproducing trout. At the time, this decision was not a popular one among anglers or fishing 

associated businesses, but eliminating stocking was supported by the findings of this study 

(Halverson, 2010). As of 2016, anglers spent roughly $500 million in Montana annually 

(American Sportfishing Association, 2019). Montana has only 1 million residents while the state 

of Pennsylvania has 12.8 million and brings in roughly $415 million from recreational fishing 

every year (American Sportfishing Association, 2019). This difference shows how Montana has 

bloomed as a tourist destination for anglers while comparatively, Pennsylvania has not. 

This Montana study was not an isolated example of stocking hindering wild trout 

populations. A study in Germany examined the results of eliminating the stocking of young trout 

in a river (Baer & Brinker, 2010). This study had similar results compared with the study done 

by Vincent and the number of Brown trout caught significantly increased after stocking was 

prohibited.  Rainbow trout decreased significantly as this river could only sustain a small 

population. Along with increased numbers of Brown trout being caught, anglers were mostly 

satisfied with the exclusively wild fishery, and the majority thought stocking was no longer 

necessary (Baer & Brinker, 2010). This study demonstrates how natural reproduction of Brown 

trout can make up for the elimination of stocking. It also shows that most anglers may support 

eliminating stocking. 

A similar study occurred on Spring Creek in Pennsylvania where trout stocking was 

halted and the fishery became catch and release, in part, because of pesticide contamination of 

the stream that occurred in 1976. This meant that anglers could still fish for trout, but could no 



 

longer harvest them. In 1978, stocking was discontinued in the stream section impacted by 

pesticides and by 1982, a harvest ban went into effect limiting the stream to catch and release 

fishing only. After these policies were implemented, the catch rate for trout per hour went from 

.2 to 1.3. The wild Brown trout population over the age of 1 increased by 165% and biomass 

increased by 100% from 1980 to 1988 (Carline et. al., 1991). Some sections of stream above the 

contaminated area were stocked with Brown, Rainbow, and Brook trout until 1982 and this area 

saw the number of individual Brown trout increase by 199% and the wild Brown trout biomass 

increase by 141% from 1980 to 1988 (Carline et. al., 1991). I will be using this stream section for 

my analysis because it is the only one in the study that had data before and after stocking ceased. 

This drastic jump in biomass occurred because the wild Brown trout population functioned better 

with a ban on harvest and without the presence of stocked fish. The flourishing wild Brown trout 

population was able to withstand even more angler effort per mile than the previous stocked and 

wild fishery with harvest (Johnson et. al., 1995). While catch and release is effective, it is not 

perfect, and this heavy fishing pressure most likely resulted in some fish mortality. Hooking 

mortality for bait-caught Rainbow trout has been estimated to be 16% and 38% of anglers 

reported using bait during the Spring Creek study (Schill, 1996; Carline et. al., 1991). This likely 

contributed to some trout mortality meaning that wild trout biomass would have been even 

higher if bait angling and overall angler pressure was lower. I will combine the outcomes of the 

Montana and Spring Creek studies to create a biomass increase estimate for the increase in wild 

trout biomass that would occur should stocking be eliminated in the Class A, wild trout streams 

of Pennsylvania.  

 

 



 

Trout Biomass Results for Class A Wild Trout Streams  

Wild trout streams are designated by their assessed biomass. Electro fishing is completed, 

and fish are measured and weighed to determine the wild trout biomass of the waterway being 

assessed. The length and width of the stream section is used to calculate the surface area in 

hectares. If a stream has 30 kilograms of Brook trout per hectare of water (kg/ha) or 40 kg/ha for 

Brown trout, it is designated as a Class A, wild trout stream. Class A is the highest wild trout 

designation for a naturally reproducing trout stream in Pennsylvania. For a stream to be 

considered Class B, it must have at least 20 kg/ha of wild Brown trout or wild Brook trout and 

not meet the Class A standards (Young, 2011). In other words, Class A streams have the highest 

number of wild trout present in them per area of stream followed by Class B streams. Class A 

and B streams are the premiere wild trout streams of Pennsylvania and offer incredible 

opportunities to catch wild non-native and native trout.  

According to the PFBC, some of these streams are managed as both wild and stocked 

streams. The PFBC website acknowledges that twelve sections of Class A streams are stocked, 

and this equates to roughly 38.77 miles of stream when the distances for the stream sections are 

used from the trout streams interactive map (PFBC, n.d.). In 2020, the PFBC decided to 

discontinue stocking in one wild Brook trout stream and two wild Brown trout streams because 

they were found to be Class A, wild trout streams. In 2021, two streams will no longer be 

stocked because they were found to be Class A, wild trout streams (PFBC, 2020 adult trout 

stocking; PFBC, 2021, 2021 adult trout stocking). The elimination of stocking in these streams 

would indicate that the PFBC is aware that trout stocking harms wild trout populations and is not 

needed in Class A, wild trout streams. When stocking is discontinued in these streams, the 

hatchery trout are simply stocked in another local body of water. Along with the stocked Class A 



 

streams, there are at least 53 Class B streams that are stocked. The Class B stream sections were 

calculated with stream data from the PFBC website via Pennsylvania Spatial Data Access 

(PASDA). The number of Class B streams may be out of date and may have increased as more 

streams are assessed by the PFBC for wild trout. The biomass in these wild trout streams 

fluctuates naturally, and it only takes one measurement that satisfies the Class A requirements to 

designate the stream as such. These Class A streams are dominated by reproducing populations 

of wild Brown trout or native Brook trout with an additional few Rainbow trout. To understand 

how these streams would react to the cessation of stocking, I will use previous studies that have 

looked at the impacts of eliminating stocking and use their findings to extrapolate what would 

happen in these twelve stream sections. 

In the Montana study, wild Brown trout biomass increased by 117.1% in the Varney 

section of the Madison River. In the Spring Creek study, wild Brown trout biomass increased 

141% in a stream section where biomass was recorded before and after stocking was eliminated 

(Carline et. al., 1991; Vincent, 1987). The Montana biomass increase was calculated by 

averaging the recorded Brown trout biomass three years before stocking was eliminated and then 

averaging the biomass for the last three years of study period after stocking was eliminated. The 

post-stocking average excludes the first year after stocking was eliminated to allow time for the 

wild trout biomass to increase from a year of reproduction. Averaging these numbers together 

equates to a 129% increase in biomass. This is the number I will use to calculate the potential 

wild trout biomass change if stocking is eliminated in the twelve sections of Class A, Brown 

trout streams in Pennsylvania. 

In order to determine the area of the twelve Class A designated waters that are stocked, I 

mapped these areas on Google Earth Pro. From mapping each stream, I found the hectares of 



 

each stream section. From there, I was able to use kilograms per hectare of wild trout biomass 

and multiply the stream area and the wild trout biomass per hectare to get a total biomass for 

each stream section. The biomass per one hectare of stream was received from David Nihart, a 

Coldwater Unit Leader for the PFBC (D. Nihart, personal communication, January 4, 2021). 

Using the 129% increase in biomass calculated earlier, I computed the biomass increase for each 

section. An example of all the above calculations is in figure two found in the appendix. These 

twelve stream sections are all Class A, wild Brown trout streams with little to no wild Brook or 

Rainbow trout present. For these calculations, I am only using the wild Brown trout biomass in 

these streams. I found that in the twelve stream sections there is currently 11,583 kg of wild 

Brown trout biomass. Using the stocking designations for Pennsylvania trout streams, I estimated 

that there are an average of 108 trout stocked per acre in each stream (Weber et al., 2010). From 

there, I found the total number of stocked trout for these streams is 30,907. The total stocked 

trout biomass for the twelve stream sections is 7,437 kg and this was calculated with the average 

length of the trout stocked being 11 inches and the average weight being 11 ounces (Weber et al., 

2010; Weight-length estimator, 2021). I then calculated the wild trout biomass if stocking were 

to be eliminated using the 129% increase and found that there would be 26,526 kg of wild trout.  

This means that there is an extra 14,943 kg of wild trout without stocking. This is clearly greater 

than the stocked biomass of 7,437 kg. Since this percent increase in biomass is only based on 

two studies, there is a high probability that it is not completely accurate. This increase may also 

take several years to be achieved as was evident in the Montana study where Brown trout 

biomass was still rising four years after stocking was discontinued (Vincent, 1987). Assuming 

these numbers are correct, I then added the stocked trout biomass to the wild trout biomass that 

was calculated during stocking to determine the overall trout biomass during stocking. This came 



 

out to be 19,020 kg of wild and stocked trout (Figure 3, see appendix). This is much less than the 

26,526 kg of wild trout that would be present without stocking. The stocked trout biomass I 

found likely decreases substantially after opening day due to both stocked and wild trout being 

harvested. The total biomass year-round for the twelve stocked Class A stream sections is likely 

thousands of kilograms lower than what is calculated here because of harvest. Anglers harvest 

approximately 36.9% of their catch on stocked trout streams and only 6.3% on wild trout streams 

(Greene et al., 2005 A.; Greene et al., 2005 B.). 

In every stream section, overall trout biomass increased when stocking was eliminated. 

This means that wild trout production would increase enough to make up for the stocked trout 

biomass going to zero if stocking is eliminated. This increase would not happen overnight, and 

the wild trout may take a few years to reach their population maximum as was observed in the 

Montana Study (Vincent, 1987). These findings are supported by a study done on Spring Creek 

where trout catch rates increased after stocking was ceased (Carline et. al., 1991). Current 

average catch rates of trout on wild streams are also greater than that of stocked streams. Catch 

rates on stocked trout streams for opening weekend averaged 1.07 trout per hour, and 1.13/hr for 

the next 6 weeks after the season opener (Greene et al., 2005 A.). In wild trout streams, the 

average catch rate was 1.16/hr on large streams and 1.98/hr on small streams (Greene et al., 2005 

B.). Catch rates on stocked streams are also often supplemented by wild trout that are present in 

roughly 50% of these streams (Greene et al., 2005 A.).  

The cost of stocking trout in these streams was calculated to be $107,557 when using the 

cost to raise each trout as well as factoring in inflation to 2020 using the CPI inflation calculator 

(CPI Inflation Calculator, 2021). This money is currently being used to stock these trout fisheries 

that are better off without stocked fish. In other words, the money is being wasted and harming 



 

the overall trout fishery by reducing the wild trout biomass. These resources could be used for 

stream restoration, stocking other bodies of water, or acquiring more stream access for anglers.  

Not only are Class A streams being negatively impacted overall by stocking, there are 

also Class B streams that could be promoted to Class A if they were not stocked. If stocking 

were to be eliminated in Class B streams their wild trout populations would most likely increase 

according to the data presented in this thesis. Potential promotion to Class A trout streams would 

give these streams further protection under the law, and this should be the goal of the PFBC. 

Economic Assessment 

Stocking in Pennsylvania is mostly done by the PFBC on approximately 5,000 miles of 

streams and 125 lakes. Along with these stocked streams, there are around 16,000 miles of wild 

trout streams and some streams are both wild and stocked (PFBC, 2020, Trout). The stocked 

streams are mostly stocked in the spring before opening day with stocking occurring in some 

streams after opening day as well as in the fall. The mission statement of the PFBC is “to protect, 

conserve, and enhance the Commonwealth's aquatic resources and provide fishing and boating 

opportunities” (PFBC, 2021, Agency overview). Stocking falls under the “enhance” category by 

providing fishing opportunities for anglers but can also be an issue for conservation and 

protection of the existing aquatic resources. This thesis has shown that stocking can harm wild 

trout while potentially disrupting the present ecosystem. Quantifying the impacts of stocking on 

the wild trout populations has shown that anglers have a better chance to catch more trout if 

stocking on Class A trout streams is eliminated. 

In 2005, two studies were conducted by the PFBC to determine the economic 

contributions of stocked trout streams and the economic contributions of wild trout streams to the 

economy of Pennsylvania. The direct and secondary contributions of wild trout angling in 



 

Pennsylvania were estimated at $7.16 million in output and of that, $4.16 million was value-

added (Greene et al., 2005 B.). The wild trout stream study surveyed wild streams that had public 

access to determine the overall use and subsequent economic impact of these streams. This was 

only for 2,763 miles of wild trout streams assessed in the study because only wild trout streams 

that were not stocked were counted in this study and fewer miles of wild trout streams were 

recorded by the PFBC in 2004. The total economic output of wild trout streams I calculated 

includes the value added from wild trout present in stocked streams as would be the case in the 

real world. In other words, I counted miles of streams that are both stocked and wild as adding to 

the economic output of Pennsylvania as wild trout streams and as stocked trout streams. The wild 

trout in stocked streams provide increased catch rates and are part of the reason that anglers go to 

stocked trout streams that have wild trout populations. This means that the economic 

contribution of wild trout streams in Pennsylvania is much greater than what the original study 

on wild trout streams found. Without inflation, the total value added of the 16,000 miles of wild 

trout streams known about today would be equal to $41,462,178 and with inflation, the total 

would be $57,753,993 as of 2020 (PFBC, 2020, Trout; CPI Inflation Calculator, 2021). With 

inflation taken into consideration to January 2020, this equates to $3,598 of economic output for 

every mile of wild trout stream. This output per stream mile includes streams that are privately 

owned and therefore few people fish on them as well as streams that are smaller than a meter 

wide but have wild trout present. It is likely that fewer people fish on privately owned or very 

small wild trout streams, so the economic output of these streams is likely lower. This means that 

the total economic output of wild trout streams I estimated above is likely larger than the real 

economic output. On average, anglers spent 239 angler hours per mile on large streams (≥6 

meters in width) and 44 hours per mile on small (<6 meters in width) wild trout streams. The 



 

total average angler hours on wild trout streams were 82 hours per mile (Greene et al., 2005 B.). 

Larger Class A, wild trout streams with public access, like the twelve stream sections being 

accessed in this study, likely contribute much more per stream mile than the average calculated 

here. They probably have more than 82 angler hours per mile because they have exceptional wild 

trout populations and are stocked streams. Increased angler hours correspond to more angler trips 

and more angler expenditure per mile of stream. If the average economic output per mile of 

stream of $3,598 is assumed for the Class A, wild trout streams of Pennsylvania, the economic 

output for the 38.77 miles of stocked Class A streams would be $139,206 annually. This is 

assuming that stocking is eliminated in these sections and the angler use decreases to the average 

angler use for wild trout streams in Pennsylvania. 

On Spring Creek, a famous Class A, wild trout stream in Pennsylvania, angler use 

averaged over 3,000 hours per hectare of stream (Carline et. al., 1991). In this study, angler use 

was calculated per hectare of stream area as opposed to per mile in the previous studies. In the 

twelve stream sections I analyzed, there are roughly three times more hectares than there are 

miles of stream. This means that 3,000 angler hours per hectare likely corresponds to roughly 

9,000 angler hours per mile of stream. This is far larger than the average of 82 angler hours per 

mile on wild trout streams (Greene et al., 2005 B.). If these twelve sections of Class A, wild trout 

streams have even one ninth of the 9,000 angler hour usage that Spring Creek had, they could 

potentially produce more economic output if they are not stocked. This calculation would all 

depend on how much the angler hours per mile change after stocking is eliminated and if the 

reduction in economic output is less than the cost of stocking was in these streams. 

In the 2005 trout season, the economic contribution of stocked trout streams was 

estimated to be $65.7 million for the first 8 weeks of trout season. This estimation was for 4,742 



 

miles of stocked trout streams across the state (Greene et al., 2005 A.). The estimated 

contribution of stocked streams to the economy is likely overestimated because 50% of these 

stocked streams have wild trout in them (Greene et al., 2005 A.). These wild trout boost the catch 

and harvest rates on these streams and are likely to contribute to higher rates of angler use. The 

economic contribution of stocked trout streams in Pennsylvania equates to $88,876,217 when 

inflation is taken into consideration in 2020, producing an average of $18,742 for every mile of 

stocked trout stream (CPI Inflation Calculator, 2021) Anglers spent an average of 1167 hours per 

mile on stocked trout streams during the first eight weeks of the season (Greene et al., 2005 A.). 

When anglers fish for one hour, they spend an average of $16.06. This was calculated by 

dividing the average economic output per one stocked stream mile of $18,742 by the average of 

1167 angler hours per stocked stream mile. If we assume that the 38.77 miles of stocked Class A 

streams have average angler usage for a stocked stream, they add $725,141 of economic output 

not including the stocking costs, and $617,284 of economic output when taking stocking costs 

into consideration. If we assume that these twelve stream sections were no longer stocked, they 

will need to average at least 992 angler hours per mile in order to be at least as beneficial to the 

economy of Pennsylvania as when they were stocked. This was calculated by dividing the 

economic output of stocking these streams with stocking costs taken into consideration 

($617,284) by 38.77 miles of streams to get the economic output per mile of stream. Then I 

divided this value by the average angler expenditure for an hour of fishing, which is $16.06, to 

determine the angling hours needed per mile of stream to have the equivalent economic output as 

when these twelve sections were stocked. If we eliminate stocking, we need to know what 

impact this has on angler hours per mile and what impact it would have on the economy. If we 

have more than 992 angler hours per mile on these streams once stocking is eliminated, they 



 

would have a greater economic impact as only wild trout streams. This is because the stocking 

cost would go from $107,558 to zero. The PFBC would no longer have to spend this money to 

stock these streams or could spend this money to stock streams that are profitable. 

These numbers show that on average, stocked trout streams in Pennsylvania draw more 

angler effort and usage than wild trout streams and therefore make a larger contribution to the 

economy of Pennsylvania. Since there are only averages in these two studies, I cannot adequately 

determine the angler usage of Class A, wild trout streams and stocked Class A, wild trout 

streams. Even though the twelve sections of Class A streams assessed likely provide a better 

fishery in terms of total trout biomass without being stocked, they potentially provide more 

economic benefit when they are stocked. Landowners often have agreements with the PFBC that 

if they get their streams stocked with trout by the PFBC, then they have to open up their land to 

anglers. This creates more public access. If stocking is halted on some of these streams, some 

sections will no longer be fishable because the landowners will no longer allow anglers to fish on 

their streams. This creates a conflict for the PFBC who must protect and conserve resources 

while providing more fishing opportunities to anglers. There is also a lag time from the 

elimination of stocking to the peak biomass of wild trout. This only took two years for the 

Madison River in Montana, but it is unclear if that would be the case in Pennsylvania streams 

(Vincent, 1987). Another aspect of this issue, stocking provides jobs to individuals who grow the 

fish and work in hatcheries. If these twelve stream sections were not stocked with roughly 

30,900 trout, these trout would either not be produced by the hatcheries or they would be stocked 

in different bodies of water that do not support trout,  I will not address that topic in this paper. If 

stocking were eliminated in these sections, there would likely be less harvest and anglers may go 

elsewhere to fulfill their opening weekend traditions of catching stocked trout for dinner. This 



 

may mean less angler use, but there are also many conservation-minded, catch and release 

anglers who may celebrate the elimination of stocking in Class A streams, and fish these streams 

more than before. More surveys are needed to determine angler effort on these Class A stocked 

streams and if anglers would still fish these stream sections if they were not stocked. Further 

research is needed to determine whether stocking should be eliminated in Class B trout streams 

as well as all naturally reproducing trout streams in Pennsylvania. Both economic and 

environmental issues need to be taken into consideration to determine what is best for the 

streams, anglers, and the economy of Pennsylvania. 

Stocking Class A, wild trout streams of Pennsylvania have produced a net negative 

impact on the overall trout biomass present in these streams. This illustrates that stocking likely 

hinders angler catch rates and overall angler experience on these stream sections. Stocking these 

streams has been shown to be, potentially, more profitable for the economy of Pennsylvania as 

opposed to eliminating stocking. There are limitations to this finding as the Class A, wild trout 

streams of Pennsylvania are likely to be above the average angler usage per mile indicating that 

these streams have the potential to be more profitable as wild trout streams if angler usage would 

remain relatively high on them after stocking is eliminated. Overall, stocking non-native trout 

and the subsequent invasive trout species reproduction that occurs leads to negative outcomes for 

the ecologically and recreationally important native Brook trout, and that conserving this native 

species, in as many watersheds as possible, should be a priority for the PFBC. 
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Appendix 

 

 
Figure 1: Historical watershed ranges of Brook trout in Pennsylvania and current 

population conditions compared to the number of watersheds they originally inhabited 

(Hudy et al., 2006). 

 



 

 

Figure 2: The total wild trout biomass (kg) was calculated - by multiplying stream area 

(hectares) and wild Brown trout biomass (kg/hectare) (D. Nihart, personal 

communication, January 4, 2021) to get a total biomass for each stream section. Then the 

total wild trout biomass without stocking was calculated by the biomass increase estimate 

of 129% to determine a total wild trout biomass without stocking (total wild bio no 

stock). 

 

 
Figure 3: Total number of stocked trout was determined by multiplying stream area by 

the assumed number of trout stocked per acre (108 trout per acre). Total biomass of the 

stocked trout in each stream section was calculated by assuming each trout was 11 ounces 

and then converting to pounds and kilograms. Stocking cost was computed by assuming 

that $3.48 is the cost of raising one 11-inch trout for stocking. This cost considers both 

inflation and the costs of operating the hatchery beyond simply growing the fish. Then I 

combined the stocked and wild trout that would be present in the stream when stocking 

occurs. Then I calculated what would happen if the stocked trout biomass went to zero 

and the wild trout biomass increased by 129% simulating the elimination of stocking in 

these stream sections and the subsequent increase in wild trout biomass. 

 

 


