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Preface

One of the highlights of my early career was surveying remote lakes and 
ponds in Maine’s northern forests. In the mid-1970s, there were still 
many un-surveyed backcountry ponds in Maine, even though mecha
nized logging had been underway for several decades. In the absence of 
roads, we accessed these ponds by hiking, helicopter, or airplane, often 
with a canoe lashed onto the float frame. We determined pond depths 
and fish species, analyzed water quality, and mapped the quantity and 
quality of habitat suitable for natural reproduction. These ponds almost 
invariably contained brook trout, and-— almost as invariably— had indi
cations that anglers had been there long before us, as evidenced by the 
remains o f canoes, boats, rafts, or perhaps a telltale cedar pole stuck in the 
spring hole. It is likely that these ponds had been fished during the first 
cut o f timber (accomplished by axe and handsaw), then left to recover 
after the crews moved on. So despite our best efforts, we probably do not 
have detailed biological information on unexploited brook trout popula
tions, and we can only speculate about how large, old, or abundant the 
fish originally were in many of the state’s waters.

Many of these backcountry ponds were fished anonymously, with no 
written record o f catches. In other waters, however, catches o f large brook 
trout were public and social events, with results reported in the newspa
pers and magazines of the late 1800s and early 1900s. Large fish were re
garded as trophies, with little thought given to the effect o f their harvest 
on native brook trout populations. Some o f those records, which report 
brook trout up to 12.5 pounds in weight, are included in this document. 
Unfortunately, their harvest began a long decline in the quality of brook 
trout fishing in Maine. Today we are in the position of rebuilding these 
populations to their former abundance and size quality. In many cases, 
we are stymied in these efforts because o f habitat degradation, introduced 
competing fish species, and— increasingly— by global climate change. 
Nonetheless, we have demonstrated the basic principle that restrictive 
regulations result in larger brook trout. It remains to be seen whether we 
can produce fish as large as those that populated our waters before Euro
pean exploration and exploitation.

No other freshwater fish species is more closely associated with Maine 
than the brook trout. With a statewide distribution in lakes, rivers, and
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estuaries, brook trout have provided food and recreation since the earliest 
days o f settlement. Brook trout are a symbol o f clean, cold waters and 
pristine habitat. Although brook trout still occupy much o f their historic 
range in Maine, they have declined in parts of the coastal plain due to 
development and habitat degradation. Nevertheless, Maine has the most 
significant brook trout resource in the northeastern United States.

For a small fish, the brook trout gets a lot o f attention, and not 
just from the standpoint of fishing. Much has been written about fishing 
for, and the biology of, Maine brook trout. The two categories are not 
exclusive, because most people who are interested in brook trout are in
terested, to some extent, in all aspects of the fish. There is an abundance 
o f literature on fishing for Maine brook trout. This literature directs an
glers to brook trout waters and provides information on catching them. 
There is less information available on brook trout biology, particularly 
in Maine. This book emphasizes the biology and management o f Maine 
brook trout and purports to answer questions about its origins, history, 
distribution, biology, ecology, and— from a management perspective—  
the sport fishery.

Many people— including state biologists, university researchers, and 
other scientists and resource managers— have contributed to brook trout 
research and management in Maine. Information about Maine brook 
trout exists as peer-reviewed journal articles, reports, datasets, and expe
riences o f professionals who dedicated their careers to fisheries science. 
Given the vast number of contributors spanning more than a half cen
tury, I saw a need to consolidate information about Maine brook trout 
under one cover as a history and reference to anglers and managers alike. 
Through this process, I came to better appreciate the extent of work that 
has been done on Maine’s brook trout population as well as the need for 
additional work.

The Maine Department of Inland Fisheries and Wildlife (M DIFW ) 
has worked toward preserving and enhancing brook trout populations 
through resource inventories, regulatory restrictions, fish culture, and 
habitat manipulations. Maine has a small staff dedicated to fisheries man
agement and research. Since the 1970s, the research staff o f the Fisheries 
Division— never large to begin with— has declined in numbers due to 
lack of funding. For that reason, many o f the research conclusions used in 
this document were derived from research conducted outside o f Maine, 
and the relevance o f the research from other areas is assumed proportional 
to its proximity to Maine. Reliance on studies from other areas highlights 
the need to further document Maine’s native brook trout resource.

Information in this book is organized by a variety o f geographic and



political groupings, including county, river drainage, and region, de
pending on the format that seemed most appropriate. Region refers to 
the seven administrative management units of the Maine Department of 
Inland Fisheries and Wildlife, with headquarters at the following loca
tions: Region A, Gray; Region B, Sidney; Region C, Jonesboro; Region 
D, Strong; Region E, Greenville; Region F, Enfield; and Region G, Ash
land. Regions A, B, and C are coastal, which for reasons described in this 
book have less brook trout habitat and a greater amounts of stocking 
than inland regions. For the inland regions, Region E (the Moosehead 
Lake area) has the greatest concentration of brook trout waters.

Note: An abbreviated technical version of this document is avail
able. The technical version is fully referenced, has detailed tables 
and appendices, and cites the statistical reliability o f values if  
available. To order, please contact:

Maine Department of Inland Fisheries and Wildlife 
Attn: Information Center 
41 State House Station 
Augusta, Maine 04333-004 
www.informe.org/ifw/merc/

http://www.informe.org/ifw/merc/
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A young Percival Baxter holds an eight-pound brook trout he caught at Cup- 
suptic Lake. His father, James Phinney Baxter, promised him a reward of $10 
per pound for catching a fish that weighted more than five pounds— a truly 
generous amount in 1884. Percival put his $80 in a savings account, where it 
stayed until his death. At that time, the proceeds of the "Percival P. Baxter Fish 
Account" were donated to the Fish and Wildlife Department for fish research.
Photo from the Maine Historical Society; used with permission of the Baxter Memorial Library.





CHAPTER ONE

Brook Trout Fishing

Near the banks are little whirls— 
Whirls o f  fretted water, 

And beneath those rings o f  pearl 

Trout delicious caught are.

In Richardson and Rangeley Lakes, Illustrated, 
by Charles A. J. Farrar, 1875

The pull o f brook trout on Maine anglers is almost palpable, especially in 
the spring. When flows subside after spring runoff and the waters begin 
to warm, brook trout begin actively feeding. The time when “the alder 
leaves are the size of a mouses ear” marks the best time to go trout fish
ing. Anglers look forward to the greening o f the landscape after a long 
drab winter, and the sound o f water running in their favorite brook. The 
beginning of trout season is apparent from the volume of traffic heading 
north Memorial Day weekend, cars laden with canoes, boats, and kayaks. 
Traffic gradually disperses from paved to dirt roads and finally to quiet 
campsites. The trout these anglers catch need not be big— sometimes 
pan-size fish are the best, cooked on the campfire. How many genera
tions o f Maine kids have memories o f these fishing trips on warm spring 
days, learning to fish and paddle a canoe?

A History of Brook Trout Fishing in Maine

People have been fishing for Maine brook trout for thousands of years. Al
though the early history is unrecorded, archaeological evidence provides 
glimpses of the importance o f this resource. Native Americans probably 
fished for brook trout entirely for consumption, though the extent to
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which they harvested brook trout is not well documented. Speck (1940) 
emphasized harvest o f sea-run fish by the Penobscot tribes, although he 
also mentioned that lake fish were a food supply. In his 2001 history 
o f Maine Indians, Bourque stated that, during the Early Archaic period 
(beginning 10,000 years ago), Native American settlements were numer
ous along lakeshores, particularly in northwestern Maine, “suggesting 
that non-anadromous species like whitefish..., brook trout..., and lake 
trout... were important resources there.” He also noted that “direct [ar
chaeological] evidence of freshwater fishing in Maine has been limited, 
probably at least in part because fragile fish bones are even less likely to 
survive in early sites than those o f mammals and birds.”

Dr. Arthur Spiess, the Senior Archaeologist for the Maine Historic 
Preservation Commission, reported that bones from the Sharrow site, 
located on the Piscataquis River in Milo, were identified as “small salmo- 
nid” fish and therefore probably brook trout, given the absence of other 
native small salmonids (larger salmonid bones were identified as those of 
Atlantic salmon). Brook trout bones were buried in strata (layers of earth) 
dating to 5 ,500 BC, indicating that Native Americans may have been 
fishing for brook trout in Maine for at least 7,500 years. Spiess also noted 
that there is good evidence that Native Americans of that period used 
nets, as evidenced by “stone net sinkers, bone netting needles, occasional 
impressions o f net cordage on baked clay, etc.” Judging by the number 
and size of brook trout present when Europeans first settled Maine, it is 
obvious that Native Americans did not over harvest trout populations.

The importance o f brook trout to Native Americans may be inferred 
from the Maine locations that retained the Native American names for 
the species. Skootam  (also spelled Skowtam) is the Penobscot word for 
brook trout. Skutahzis means “small brook trout stream” (the suffix mean
ing “small”), and is retained in the name Eskutassis Stream, a tributary to 
the Passadumkeag River in Lowell. According to author Fanny Eckstorm, 
the similar-sounding Schoodic, which is retained in the names of several 
lakes and streams, also originated from the Penobscot word for brook 
trout or brook trout stream. Former Penobscot Nation fisheries manager 
Clem Fay pointed out that the name for Scutaze Stream, a tributary to 
the Piscataquis River in Medford, may be o f the same origin.

An early reference to brook trout abundance in Maine is included in 
the book March to Quebec by Kenneth Roberts. The book reproduced a 
selection o f journal entries from Arnold’s M arch to Q uebec in 1775. The 
route through Maine followed the Kennebec River and crossed to the 
Dead River via the Carry Ponds. Excerpts from these journals document 
several brook trout catches:

~  > 2 1
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Col. Arnold: Wensday [sic] O ctll'h. 1775- ■ ■ Over the first Pond [East Carry Pond] h a lf 

a mile, which Pond is 1 1/4  mile long—here our People caught a prodigious number o f  fine  

Salmon Trout [brook trout], nothing being more common than a mans taking 8 or 10 

Doz in one hours time which general])) weigh h a lf a pound apiece.

Abner Stocking: October 12 and 13 [1775^■ ■ ■ Though the water was now very cold we 

caught trout in these ponds [Middle and West C ary ponds] in great abundance.

October 2 7 th-■■ This day we crossed a pond, one fourth o f  a mile over, and soon came to 

another two miles in width [Arnold Pond], In this pond we caught plenty oftrout.

As Europeans were settling Maine, brook trout provided a sport fish
ery even though the primary intent was to provide food. Early accounts 
document the presence of some of North America’s largest brook trout in 
the Rangeley and Moosehead areas (Table 1.1). These brook trout fisher
ies were widely advertised and the waters soon became popular fishing 
destinations.

In western Maine, two remarkable women had a tremendous effect 
on the popularity of the brook trout fishery. Cornelia “Fly Rod” Crosby, 
born in Phillips in 1854, was Maine’s first Registered Guide and tirelessly 
promoted hunting and fishing in Maine. She organized and attended 
Sportsmen’s Expositions in Boston and New York in the 1890s, wrote 
for several newspapers and journals, and was Maine Central Railroad’s

Table 1.1 Early records of angled, large-sized Maine brook trout.

Year Water Length (in) Weight (lb) Source
1886 Mooselookmeguntic L 26.5 12.50 Forest and Stream1
1878 Rangeley L - 12.00 Kendall
1879 Richardson L - 11.75 Forest and Stream1
1887 Rangeley L 27.5 11.75 American Angler1
1888 Moosehead L 22.5 4.75 Wilson Record Book 1888
1888 Moosehead L 22.5 4.50 Wilson Record Book 1888
1889 Moosehead L 22.5 5.25 Wilson Record Book 1889
1892 Moosehead L 21.0 4.00 Wilson Record Book 1892
1892 Moosehead L 21.5 4.00 Wilson Record Book 1892
1900 Moosehead L 23.0 4.50 Wilson Record Book 1892
1915 Moosehead L 21.5 4.00 Wilson Record Book 1915
1917 Moosehead L 20.5 4.00 Wilson Record Book 1917
1921 Moosehead L 19.5 4.00 Wilson Record Book 1921
1922 Moosehead L 22.0 5.00 Wilson Record Book 1922
1931 Moosehead L 23.0 6.00 Wilson Record Book 1931
1942 Rangeley L 24.5 8.00 Rangeley Record 1942
1959 Moosehead L 25.3 7.50 AuClair 1982
1979 Big Black P - 8.502 MDIFW

'As reported in Kendall 1918 
zCurrent state record
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Rangeley and Moosehead Catches

Cooper (1940) summarized some of the early catches from the Rangeley 
lakes that were reported in magazines and newspapers. They are listed 
here to indicate the original size quality of brook trout populations and 
the extent of overharvest.

• First week in August 1884: one man took eight trout; weight 38 
pounds (average weight 4 3/4 pounds).

• One day in August 1884: one man took five trout; weight 28 
pounds (average weight 5 1/2 pounds).

• A one-day trolling record in April 1896: one man caught one 9- 
pound and one 9-1/4 pound trout. "This spring hundreds were 
caught this way ranging from 1 to 5 pounds.”

• One man's six-day trolling record in June: 32 trout from 1 to 7 
pounds each, total weight 85 pounds.

• On August 6, 1874: two fishermen on Mooselookmeguntic took 
26 trout, weight 30 pounds.

• On August 20, 1880: two fishermen in fours hours on 
Mooselookmeguntic Lake took 17 trout, weight 52 pounds, as 
follows: one, 8 1/2; one, 5 1/2 ; one, 5; one, 4 1/2; two, 4; one, 3 
1/2; three, 3; one, 2; and six 1-pound fish.

• The following is a list of trout reported to have been caught on 
flies at Upper Dam by all fishermen during the period of August 
29 to September 30, 1890; one, 9 1/8 pounds; one, 8 7/8; one, 8 
3/16; two, 7 3/4; one, 7 7/16; one, 7 5/16; one, 7 3/16; one, 6 7/8; 
two 6 3/4; three, 6 1/2; one, 6 5/16; two, 6 1/4; three, 6 3/16; one, 
6 7/8; two, 6 3/4; three, 6 3/4; one, 4 7/8; one, 4 1/2; and one, 4 
pounds. Presumably many smaller fish were caught, not recorded, 
and probably mostly released.

Similar harvests occurred elsewhere in Maine, including Moosehead 
Lake. AuClair (1982) quotes Maine Sportsman magazines of the 1890s, 
which cite the following catches at Moosehead:

• June 1894, Cowan Cove— good trout fishing—29 trout weighed 
35 1/2 pounds, Saturday, 30 trout weighed 31 pounds, the largest 
about 4 pounds (one person fishing).

• In one day's fishing caught 21 trout weighing 52 3/4 pounds. Of 
these 13 were squaretails weighing 34 3/4 pounds—one weighed 
5 1/4 pounds the largest taken from the lake this season.

• An article in Harper's Monthly suggested that the largest trout 
had been extirpated even earlier: "August 1875. ...fishing was not 
what it used to be and... a 5-pound trout (squaretail) was a big 
one."
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The photograph reads, "A trout 6 lbs. Mooselookmeguntic House, ME.” Brook 
trout of this size were caught by the hundreds in the Rangeley Lakes in the
mid-1 800s. Fly Rod Crosby Collection, Maine State Museum

first paid publicity agent. Overall, she helped attract untold numbers of 
anglers to the Rangeley and Moosehead areas (Hunter and Shettleworth 
2000). Carrie Stevens is famous for developing a number of artificial flies 
that are still used today. She was an excellent angler who, in 1924, won 
second prize in a Field and Stream fishing contest by catching a 6-pound, 
13-ounce brook trout at Upper Dam Pool.

By the end o f the nineteenth century, fishing had dramatically re
duced the size quality o f some of Maine’s prized brook trout fisheries, and 
this phenomenon was occurring elsewhere in North America. A move
ment to stem the exploitation of natural resources began on a national 
scale. 1 ’he magazines Forest an d  Stream  (established in 1873) and F ield  
and Stream  (established in 1874) were critical o f the wasteful slaughter 
of fish and game. The National Sportsmen’s Association was founded 
in 1874, and Maine’s sportsmen and press expressed similar protective 
sentiments. For some time, however, others encouraged use, promoted 
harvest, and rebelled against newly imposed harvest limits. As late as 
1904, the Bangor and Aroostook Railroad’s publication, In The M aine 
Woods, stated that “there can never be any such thing as ‘fishing out’ 
Moosehead Lake” (Rolde 2001). In truth, however, size quality o f brook 
trout— as documented in fishing records and later by scientific sampling 
efforts— continued to decline well into the twentieth century.
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A catch of brook trout hangs from spruce logs. Fly Rod Crosby Collection, Maine State Museum

Anglers Protecting the Resource

W ith the decline of Maine’s brook trout fishery came the realization that 
the resource would need to be restored. Early efforts relied on stocking 
as much as preservation. The Anglers’ Protective Association, formed in 
western Maine in the late 1800s, aspired to “recruit 500 members, at $2 
each, to provide for the increased stocking o f [brook] trout and salmon 
in the Rangeleys. They already had a fish hatchery and were looking for 
the funds to operate it” (Hunter and Shettleworth 2000). The superiority 
of native stocks eventually became evident, however, and people realized 
the need to limit harvest o f native fish.

Over a period o f decades, bag limits were grudgingly lowered and, to 
some extent, anglers began to release fish voluntarily. Records beginning 
in 1897 indicate that guests at the Upper Dam House (located between 
Mooselookmeguntic and Upper Richardson Lake in western Maine) 
kept and recorded only those salmon and brook trout greater than three 
pounds. Authors Graydon and Leslie Hilyard (2000) explained, “Tradi
tion demanded that such fish be safely returned to grow to proper size.” 
Fly Rod Crosby, who made her living catching trout, began to write of 
excessive harvests; in 1893 she wrote, “Many o f our real sportsmen re
turn to the lakes all the trout they catch except those they wish to eat... ” 
(Hunter and Shettleworth 2000). Still, it was many decades before an
glers came to appreciate the fragility of wild brook trout populations—
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Although brook trout may have once seemed inexhaustible, both the numbers 
and Sizes have decreased since the 1800s. Fly Rod Crosby Collection, Maine State Museum

particularly that large, older-age fish make up a small percentage o f the 
population and are extremely vulnerable to overharvest.

The next logical step in trout conservation, given ever-increasing 
fishing pressure on a finite resource, was the voluntary release o f all fish 
caught. “Catch-and-release” fishing did not become common until the 
end o f the twentieth century, prompted by improved economic circum
stances and a sense among anglers that resources were declining. This 
trend was encouraged by organizations such as Trout Unlimited. State
wide angler interviews conducted on brook trout ponds show that the 
percentage o f legal-size fish voluntarily released increased from 9%  in 
the 1970s to 14% in the 1980s, 46%  in the 1990s, and 73%  in the early 
2000s.

Although voluntary catch-and-release fishing is now common among 
anglers, it is legally mandated in very few waters. The number of catch- 
and-release waters in Maine has varied between five and 18 since 1990. 
In some cases, catch-and-release regulations were rescinded because o f 
unintended effects on the fishery. For example, where reproduction rates 
are high, populations may increase to high levels (“stockpiling”) causing 
high competition and reduced growth rates. Many trout populations will 
not respond with increased growth rates despite regulations that limit 
harvest. However, given the potential to produce large fish, catch-and- 
release regulations may be imposed on more waters, especially those with 
a proven ability to grow large fish. Many stocked brook trout popula-

7
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State Record 5 rook Trout

While modern-day statewide records for brook trout have not matched 
that of the 12.5 pound fish caught in the Rangeleys in the 1800s, 
some very impressive fish have been caught in Maine in the last 50 
years. Dixon Griffin of Dixfield held the record for many years with an 
eight-pound, five-ounce brook trout caught at Pierce Pond in Somerset 
County. That record was broken by an eight-pound, eight-ounce brook 
trout reputedly caught at Chase Pond in Aroostook County in 1979. 
Although the size of this fish has never been questioned, there was 
some doubt about the location and, initially at least, whether it was 
actually a brook trout. To resolve these questions, I called James Foster 
of Howland, who caught the fish. "I've got a story for you, he said. 
"That fish was actually caught at [Big] Black Pond" in T15R9, also in 
Aroostook County, and known as Deboullie Country.

"There were four of us who went in the last week of fishing sea
son [the last week of September] every year," he continued. "We be
gan fishing at daylight, and I had that fish by 8:00 in the morning. We 
caught that fish and a 6.5-pound fish and a 4.5-pound fish in an hour, 
and never caught another fish during the trip. We had three scales, and 
that fish weighed 9.5 pounds on all three scales. We checked the scales 
against a five-pound bag of sugar, and they were all accurate. But in 
the four days we were in there, that fish lost a pound of its weight. 
Caught it on a Rangeley spinner."

"I called Bud Leavitt [who wrote the long-running Outdoors col
umn in the Bangor Daily News] about it, and he sent up a photogra
pher to take a picture of it. Well, he [Leavitt] claimed it was a togue 
[lake trout], but I knew a [brook] trout when I saw one because I'd been 
fishing for them all my life. I was so mad about it, I told him I'd caught 
it in Chase Pond." Warden Leonard Pelletier of Enfield confirmed that 
the fish was a brook trout and the photograph in Leavitt's column of 
October 5 clearly shows the identifying white edges on the fins.

tions are open to catch-and-release fishing during the month o f October, 
but this regulation is intended to provide additional angling opportunity 
rather than to produce large fish.

The One That Didn’t Get Away Club was established in 1939 by the 
Maine Development Commission (later the Department o f Commerce 
and Industry) to recognize anglers who caught exceptionally large fish. 
Entries had to meet weight standards (five pounds for brook trout). A 
warden or fisheries biologist had to confirm the species and weight of
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Robert Foster of Howland with his state record 8.5-pound brook trout caught 
from Big Black Pond, T15 R9, in September of 1979. Bangor Daily News.

all entries, and two impartial observers would attest to the catch. En
tries were listed in Maine Fish and Game/Wildlife Magazine beginning 
in 1959 (See Appendix 1). In the late 1970s, the qualifying weight for 
brook trout was reduced to four pounds. State records for fish were es
tablished in 1976, and the Maine Sportsman began administering the 
program the same year.

A number o f regional, statewide, and national non-government or
ganizations have contributed to Maine’s brook trout management and 
research efforts. Trout Unlimited, the Trout and Salmon Foundation, 
the Isaac Walton League of America, the Orvis Corporation, the Sports
man’s Alliance o f Maine, Fly Fishing in Maine, and the Rangeley Region 
Guides’ and Sportsmen’s Association have provided funding and labor 
for the following projects to benefit Maine brook trout:

• Funding for genetic analysis o f brook trout populations
• Funding to conduct studies to evaluate the effectiveness o f fishing 

regulations
• Funding for stream restoration projects
• Volunteer labor to conduct stream surveys

Brook trout conservation has also benefited from land purchases and 
conservation easements made possible by the Land for Maine’s Future
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program, The Nature Conservancy, Natural Resources Council o f Maine, 
Maine Audubon Society, and many local land trusts, conservation as
sociations, and alliances. These lands typically have stringent land use 
restrictions that protect waterways from degradation, thereby benefiting 
brook trout populations.

The imposition of restrictive fishing regulations will help ensure that 
Maine’s brook trout fishery will have a bright future. These regulations 
have already helped to restore older age (and larger) brook trout. The 
modern-day record for brook trout is creeping upward to match the gi
ants caught in the nineteenth century.

Getting Families Involved

While many people in Maine cannot conceive o f life without fishing, 
younger generations and people living in urban areas are seldom exposed 
to the sport. There is concern that the “country way o f life” is becoming 
increasingly archaic in our modern society. Yet, many believe that fishing 
promotes a strong interest in the outdoors, a conservation ethic, strong 
family values, and is a healthy pastime for children and adults. Thus, 
there are a number of programs in Maine that get kids involved in out
door activities in general and fishing in particular.

• The Maine Conservation School in Bryant Pond has taught kids 
fishing and outdoor skills for more than 40 years

• Trout Unlimited hosts its Trout Camp for older kids, emphasizing 
fishing, ecology, and conservation

• “Hooked on Fishing— Not on Drugs” is a program o f the Future 
Fisherman Foundation that combines drug prevention, environmen
tal education, and fishing into one package. This program has been 
adopted by the Fish and Wildlife Department, which, through Leg
islative fiat, may accept money, goods, and services to carry out the 
program by conducting workshops for adults and distributing fish
ing gear to kids

• Children under 16 years of age are not required to purchase a fishing 
license, and fishing regulations are sometimes relaxed for them to en
courage their participation in the sport o f fishing. Fish and Wildlife 
currently has 40 special “kid fishing” waters listed in the fishing law 
book and on its web site; that list is growing annually. These special 
provisions frequently include more liberal bag limits and/or less re
strictive gear regulations, including the use o f worms, and special ice 
fishing opportunities

• The Department sponsors two “free fishing” weekends annually,
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Getting children involved in fishing and teaching conservation to new genera
tions will help protect Maine's fisheries and outdoor traditions. Forrest Bonney

concurrent with Father’s Day weekend and Presidents’ Day weekend, 
when people can legally fish without purchasing a fishing license 

• Many of the state’s fish and game clubs sponsor kid-fishing activities 
and derbies.

Finally, there is no better way to introduce kids to fishing than for parents 
to take them along. Perhaps the easiest and most time-honored way to in
volve kids in fishing is to drive them to the nearest roadside stocked pond 
“after supper” and equip them with spinning gear and a gob of worms. 
Baiting hooks, unsnarling birds’ nests, untangling lines from overhead 
branches, replacing lost lures, and removing hooks from the fish they 
catch (or from their clothing!) creates memories— some o f them wonder- 
fill— for both children and adults.

There are many ways to catch a trout— from the relaxation o f bob
ber fishing and trolling to the more active form of stream fishing, which 
often involves stumbling over boulders and among alders to reach the 
best pools. Fly-fishing requires the greatest amount o f skill— the large 
number o f flies and snapped leaders in tree branches above popular fish
ing holes attest to this. Flies are tied to resemble trout prey such as insects 
and small fish. Dry flies, which float, are usually intended to imitate adult 
(terrestrial) insects. Wet flies, or nymphs, are usually fished below the 
surface and imitate insect larvae or other invertebrates. Streamers are flies 
that imitate other fish. Fly tying has evolved into an art, and many flies 
were developed in Maine specifically for brook trout (Table 1.2).

11
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Table 1.2 Artificial flies developed in Maine in the 1800s and 1900s and name 
of originator, if known.

DRY OR WET FLY
B Pond
Belgrade
Bemis Stream
Cupsuptic No. 1
Cupsuptic No. 2
Indian Rock
Magalloway
Maine Jungle
Molechunkemunk
Mooselookmeguntic (John Shields)
Oquossoc (John Shields)
Parmachenee Belle (Henry P. Wells)
Parmachenee Beau (Henry P. Weis)
Parmachenee Bull (Henry P. Wells)
Rangeley
Rangeley Belle
Richardson
Tomah-Jo
STREAMER
American Beauty (Emile Letourneau) 
Barnes Special (C. Lowell Barnes) 
Blue Devil (Carrie Stevens)
Bolshevik (Fred Fowler)
Black Ghost (Herb Welch)
Brown Ghost (Gardner Percy)
Chief Needebah (Chief Needebah) 
Cupsuptic (Herb Welch)
Edson Tiger; dark, light (Bill Edson)

STREAMER (cont.)
General MacArthur (Carrie Stevens) 
Golden Witch (Carrie Stevens)
Grey Ghost (Carrie Stevens)
Grand Laker
Green Beauty (Carrie Stevens)
Green Ghost (Bert Quimby)
Green Spot (Herb Welch)
Grizzly King (Gardner Percy)
Hurricane (Fred Fowler)
Kennebago (Herb Welch)
Kennebago Smelt (Bud Wilcox)
Lady Ghost (Bert Quimby)
Jane Craig; white, yellow (Herb Welch) 
Liggett Special (Emile Letourneau)
Miss Sharon (Art Libby)
Morning Glory (Carrie Stevens)
9/3 (Dr. J. Hubert Sanborn)
Ripogenus Smelt (Eddie Rief)
Sanborn (Fred Sanborn)
Spencer Bay (Horace P. Bond) 
Supervisor (Joe Stickney)
Tri-Color (Bud Wilcox)
Warden's Worry (Joe Stickney)
Water Witch (Carrie Stevens)
Welch Rarebit (Herb Welch)
Wizard (Carrie Stevens)
York's Kennebago (Bert Quimby)

Economic Importance

Anglers place brook trout at or near the top o f their preferred species 
list. Angler preference of brook trout has increased over time, from third 
of 15 species in the 1974 survey (when they were surpassed by bass and 
landlocked salmon) to first in the 1999 survey (Table 1.3). Angler prefer
ence for brook trout is also expressed through fishing effort and harvest 
data determined from angler surveys. Most anglers convey responsible 
stewardship toward brook trout through support of more stringent regu
lations at public hearings, and through increased voluntary release rates 
of legal-size fish.

The economic value o f freshwater fishing in Maine can be derived 
from the purchase o f fishing equipment, travel costs, bait, food and bever
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ages, lodging, and other items.
Boyle et al. (1989) broke fish
ing expenditures into catego
ries, as follows:

• Day-to-day expenses such 
as food, lodging, and boat

• Fishing-specific expenses 
such as licenses, rods, 
and tackle

• Equipment purchases 
such as boat, camper, and 
camping equipment

In 1996, 289,800 anglers 
fished Maine’s inland waters 
a total o f 4.1 million days and 
the total economic impact of 
freshwater fishing was estimated to be $292.7  million (Teisl and Boyle 
1998). A 1994 survey indicated that brook trout anglers expended 1.6 
million angler days during the open water fishing season (McDonald et 
al. 1996). Pro-rating yields an approximate annual economic value of 
$114 .2  million for open water brook trout angling in Maine.

Measuring Fishing Success

Fishing quality, a gauge o f fishing success, is measured in terms o f catch 
rate. Catch rate is defined as the number o f legal-size fish caught per hour 
or per angler trip and depends on angler skill, gear restrictions, availabili
ty o f brook trout, and season. Harvest rates are complicated by restrictive 
regulations because as the length limit increases, the percentage o f avail
able legal-sized fish declines. Declining harvest rates may falsely imply a 
decline in fishing quality. Therefore, it is important to consider the size of 
the fish caught and angler satisfaction when measuring the quality o f the 
fishery. Nonetheless, catch and harvest rate remain important indicators 
of fishing success.

Several season-long surveys have been conducted on Maine brook 
trout waters, yielding estimates o f total annual angler use and harvest. 
The highest catch rates were recorded during a study designed to evaluate 
stocking rates; the average catch rate was 7.9 trout per angler in ponds 
stocked at higher than normal rates. This study was conducted in the 
1970s when the general law limit was eight fish (12 in Aroostook Coun-

Table 1.3 Angler preference for brook 
trout derived from angler surveys.

Year Season Residency Rank
1974 Winter Resident 3 of 15

Nonresident 3 of 15
All 3 of 15

Summer Resident 1 of 20
Nonresident 2 of 21
All 1 of 21

1983 Winter Resident 3 of 15
Nonresident 4 of 15
All 2 of 15

Summer Resident 1 of 22
Nonresident 2 of 22
All 1 of 22

1999 Summer Resident 1 of 15
Nonresident 1 of 15
All 1 of 15
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Public Access

The public has historically accessed Maine waters through a combina
tion of landowner generosity and law. Most of Maine's brook trout 
waters are located in the state's commercial forests, whose owners 
have traditionally (with some exceptions) allowed public access on pri
vate roads. Fifty-five brook trout lakes (6,617 acres, or 1.6% of the 
statewide total) have restricted public access. Most of these waters are 
located in western Maine. Where private roads are not gated, however, 
access to brook trout waters has generally increased since the 1970s 
due to accelerated construction of logging roads and the advent of all 
terrain vehicles (ATVs).

The right to use the surface of inland and coastal waters and to ac
cess Great Ponds is legally guaranteed (though limited to "unimproved" 
lands), but access to flowing and intertidal waters is not. Increasingly, 
public access is being lost to development and posting. MDIFW retains 
a staff person and has a small budget to secure legal access to public 
waters. Access locations are chosen based on priority lists maintained 
by biologists, as well as commercial prices and availability. The extent 
to which access sites are developed depends on the level of access 
that is deemed appropriate. In general, MDIFW guidelines encourage 
launch sites for trailered boats on large lakes, carry-on access for mid
size lakes, and walk-in access for smaller ponds. MDIFW does not stock 
waters if angler access is denied or is determined to be unreasonable.

ty) and results are artificially high. By comparison, the average catch rate 
at Quimby Pond (Rangeley), a fly-fishing only pond, was 0.4 brook trout 
per angler— a number that better represents statewide catch rates.

Season-long studies have yielded information on wild brook trout 
abundance and harvest for ponds less than 200 acres in size, which ac
count for 80%  o f Maine’s lake fisheries. In various studies from 1960- 
2000, small ponds were fished at a rate of 12 angler trips per acre per 
year. Anglers harvested an average of 18 trout per acre per year (Table 
1.4). Data from large lakes with wild fisheries indicated an average an
nual harvest o f 0.1 brook trout per acre per year, which is less than 10% 
o f the harvest rate from small ponds.

Other studies from 1971 to 2000 examined angler use and catch rates 
in stocked ponds. Anglers fished stocked brook trout ponds an average of 
29 trips per acre per year and harvested an average o f 32 brook trout per 
acre per year (Table 1.5). The higher rate of angler use and brook trout
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Table 1.4 Average harvest and annual yield of wild brook trout from Maine 
lakes less than 200 acres in size.

Water Acres Year
Trips Per 
Acre

Catch Per 
Acre

Average 
Size (in)

Jo-Mary P (tb r io  w els ) 38 1961-1968 6.2-23.8 7.0-13.1 8.8-11.3
Johnston P (tam o  w els ) 59 1962-1965 8.9-17.9 26.9-71.9 6.7-7.2
Beaver P (Seven Ponds Twp) 20 1994 6.1 1.2 11.1
Secret P (Greenville) 14 1995 27.5 13.3 12.6
Crosby P (Coburn Gore) 150 1997 2.0 0.8 12
Little Moxie P (East Moxie Twp) 73 1998-2000 5.5-11.2 3.1-3.6 10.6-12.5
Trout P {Little Squaw Twp) 33 2000 4.8 5 -
Average 11.6 18.1 10.1

Table 1.5 Average harvest and annual yield of stocked brook trout from Maine 
lakes less than 200 acres in size.

Water Acres Year
Trips Per 
Acre

Catch Per 
Acre

Black P (Fort Kent) 51 1971-1974 33-54 66.0-118.1
Long P (Denmark) 55 1971-1973 21-33 47.6-81.1
Sawyer P (Greenville) 67 1972-1974 7-12 11.5-18.6
Egypt P (Vienna) 60 1998-2000 19-39 2.6-14.3
Kimball P (Vienna) 55 1998-2000 26-35 0.2-2.6
Mclntire P (New Sharon) 20 1998-2000 18-29 3.4-4.5
Average 29 32

Table 1.6 Summary of angler surveys for six Maine brook trout streams.

Water Year
Average # 
Anglers

Average # 
Fish Caught

Catch Per 
Ancjler

Harvest Per 
Angler

Sunkhaze S 1949-1952 1138 1360 1.19 1.19
Aroostook R 1989-1999 284 278 1 0.8
Big Machias R 1989-1990 135 399 3 -

Cupsuptic R 1998 484 430 0.9 0
Meduxnekeag R 1989-1990 199 361 1.8 -
Rapid R 1994 7,708 2,929 0.4 0

harvest at stocked ponds versus wild fisheries is not surprising given that 
stocked ponds are easier to access and have higher abundance o f fish. 
As statewide fishing regulations became more stringent, angler use was 
unchanged but size quality improved and the number o f trout harvested 
per acre declined dramatically, indicating that anglers were harvesting 
fewer but larger fish.

Only a few season-long clerk surveys have been conducted on Maine’s 
rivers because o f  their cost and complexity; all are for wild brook trout 
(Table 1.6). The number o f legal trout caught per angler per trip varied 
from 0.4 at Rapid River (Oxford County) to 3.0 for the Big Machias

15
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Measuring fishing; Success

Estimating the total number of anglers who fish a waterbody for an 
entire season is an expensive, labor-intensive process, and is therefore 
limited to a few important waters annually. Biologists must visit these 
lakes and streams repeatedly throughout the season to gather informa
tion about the fishery. Anglers who have been checked by biologists 
at boat landings or by snowmobile in the winter will be familiar with 
the information requested: "How long have you been fishing? What 
did you catch? Did you release any fish? Do you mind if we weigh and 
measure your fish?" Biologists also count the entire number of anglers 
fishing (by land, water, or air) several times a week throughout the 
fishing season, then analyze the data to obtain estimates of the total 
number of anglers and the number of fish they caught.

These estimates are then divided by the lake's size in acres to com
pare the results to those of other waters and other years. For example, 
estimates indicate that an average of 8,600 anglers fish Mooselook
meguntic Lake (16,300 acres) in Rangeley annually, compared to an 
average of 2,600 anglers at Quimby Pond (165 acres), also in Range- 
ley. These numbers suggest that Mooselookmeguntic Lake is fished 
"harder" than Quimby Pond, but dividing the number of anglers by the 
acreage for each water indicates the reverse: that Mooselookmeguntic 
Lake is fished at a rate of only 0.5 anglers per acre per year, compared 
to a rate of 16 anglers per acre per year for Quimby Pond. The same 
process is used to determine the pounds of brook trout harvested per 
year, the catch rate per angler, and ultimately as a basis for regulations 
to protect the fishery.

River (Aroostook County) and averaged about 1.0. Research biologist 
Bob Rupp conducted the earliest Maine survey o f a brook trout stream 
fishery at Sunkhaze Stream, Penobscot County, in 1955. At that time, 
general-law regulations— including a six-inch minimum length limit and 
a 15 fish bag limit— were in place. Over a three-year period, he calculated 
an average harvest o f 220 brook trout (39.8 pounds) per acre per year. 
The average length of the fish harvested was 7.7 inches with a maximum 
length exceeding 16 inches.
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Maine Brook Trout

“ W'c don't appreciate wild brook 

trout enough."

Former Regional Fisheries 
Biologist Roger A uG lair

Mark

Brook trour are rhe most beloved and sought-after fish in Maine, serving 
as both sentinels of ecosystem health and as wary sport fish that chal
lenge an anglers wits. Brook trout are heralded for their striking beauty, 
especially in the autumn when mature fish exhibit rich spawning colors. 
Brook trout are one of five native species or subspecies of the family Sal- 
monidae in Maine and, despite being finicky about habitat, are Maine’s 
most widely distributed sport fish. A recent range-wide assessment by the 
Eastern Brook Trout Venture concluded that Maine is the “the jewel of 
the eastern range” and is “the last true stronghold for brook trout in the 
eastern United States.” This is both a compliment and a challenge— the 
future of the species depends in part on Maine’s commitment to protect
ing critical habitats and retaining the genetic heritage of its populations.

Origin and Distinguishing Features

When is a trout not a trout? Members o f the family Salmonidae— char, 
trout, salmon, and whitefish— are grouped together because they have 
similar types of fins, including the small adipose fin behind the dorsal fin. 
This family is in the order Salmoniformis (fish with soft-rayed fins) that 
originated more than 25 million years ago. The genus Salvelinus (whose
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caudal fin

dorsal fin

vermiculation
operculum

caudal 
peduncle

anal fin
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pectoral fin

Figure 2.1 Key morphological traits of brook trout. See xx for color illustrations 
and photographs. Illustration by Ethan Nedeau

members are known as char) became separate more than 13 million years 
ago, and individual species diverged more than two million years ago. So, 
despite its common name, the brook trout, Salvelinus fontinalis, is tech
nically a char. Unlike true trout, char have teeth only on the head o f the 
vomer (on the roof of the mouth), not along the shaft. Figure 2.1 shows 
key morphological traits o f brook trout. The genus Salvelinus includes 
the brook trout, lake trout, and arctic char (blueback or Sunapee trout), 
which are native to Maine. Other species within the genus that are not 
native to Maine include bull trout and Dolly Varden trout. Color draw
ings o f Maine’s common salmonids are found on pages 64 and 66.

Brook trout have a relatively square tail and dark, wavy, worm-like 
lines (called vermiculation) on the back and dorsal (top) fin. The leading 
edges o f the lower fins and tail have a narrow white band followed by a 
similar black band. Brook trout also typically have red spots with blue 
halos and yellow spots. Bacon (1954) summarized differences in pigmen
tation among brook trout, brown trout, and rainbow trout:

• Young brook trout can be identified by opaque pigment on the adi
pose fin. Adipose fin pigment is absent in rainbow trout and brown 
trout, which make them translucent.

• The large, pear-shaped parr marks on young trout are distinctive but 
vary too much in shape and number to provide a reliable means of 
identification.

• The surface o f the abdomen (belly) is speckled in the brown trout 
and “immaculate” in brook and rainbow trout.

• The chin is speckled in the brown and rainbow trout but clear in the 
brook trout.
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Vermiculation on the dorsal surface of a brook trout. Ethan Nedeau

Anglers frequently note subtle differences in the color o f trout. Brook 
trout are able to change colors quickly by redistributing (contracting or 
expanding) the pigment in their cells (called chromatophores) to blend 
into the environment, a process referred to as cryptic coloration. Nerve 
impulses stimulate pigment cells to expand and enhance colors, or to 
contract and mute colors (i.e., the fish becomes lighter). This trait allows 
brook trout to quickly change color to blend into the background. Brook 
trout may also change color due to life stage (e.g., spawning), nutrition, 
or other environmental factors. Thus, the “typical” color o f brook trout 
is difficult to describe.

Distribution

Brook trout are native 
to northeastern North 
America, along the Appa
lachians from the Caro- 
linas to Atlantic Canada, 
and westward to the 
Great Lakes and Hudson 
Bay region (Figure 2.2). 
The last glacial period 
had a strong influence 
on their North American 
distribution; brook trout 
followed the last retreat-

Figure 2.2 Original and introduced range of 
brook trout in North America.
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Figure 2.3 Distribution of wild brook trout lakes (left) and stocked brook trout 
lakes (right) in Maine.

ing glacier to remain in a favorable cold climate, while populations disap
peared from southern areas as the climate warmed. Indeed, the primary 
factor limiting brook trout distribution is water temperature. The ideal 
upper temperature for brook trout is 68°F, though they sometimes briefly 
inhabit waters up to 75°F.

Brook trout were originally distributed throughout much o f Maine, 
from southern coastal drainages to the western mountains and far north. 
Natural barriers excluded brook trout from upper portions of some wa
tersheds. After Europeans settled the region, brook trout distribution de
clined in the coastal plain because o f habitat degradation associated with 
development and dam construction, but they increased in the western 
mountains and northern Maine because of intentional introductions into 
suitable but previously inaccessible waters. Maine’s brook trout waters are 
now concentrated in the interior highlands which have a cooler climate 
and fewer introduced competing fish species. Brook trout lakes located 
in the coastal and interior lowlands typically support stocked, rather than 
wild populations. Water temperatures are frequently too warm for brook 
trout in many low-elevation waters along the coastal plain.

Brook trout grow slowly in extremely cold temperatures, which are 
commonly found in Maine’s high-elevation watersheds. Brook trout of
ten are barely able to reach harvestable lengths in such environments, yet
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their tolerance for cold temperatures is important because it allows them 
to thrive in small headwater and high-elevation waters where competi
tion from other species is minimal.

Brook trout occur in 1,487 of Maine’s lakes (769,264 acres) (Figure 
2.3) but many of these lakes have small populations. Biologists distin
guish between lakes with small or remnant populations and those with 
principal fisheries, defined as “ones in which the species is regularly 
sought by anglers and in which the species makes up a significant por
tion of the catch.” A total o f 1,135 lakes (403,396 acres) have principal 
brook trout fisheries. O f these lakes, 57%  are supported by natural re
production and 27%  have pure wild strains because they have never been 
stocked. Stocked waters account for 58%  o f  the principal-fishery acreage. 
Knowledge o f brook trout distribution in Maine’s lakes is very accurate 
because 97%  o f lakes larger than ten acres have been inventoried.

Maine is recognized as having the most extensive distribution and 
abundance o f brook trout in the eastern United States. A 2006 range
wide assessment by the Eastern Brook Trout Joint Venture (a partnership 
o f federal and state agencies, conservation organizations, and academia) 
concluded that “Maine is the only state with extensive intact popula
tions of wild, self-reproducing brook trout in lakes and ponds, including 
some lakes over 5,000 acres in size. Maine’s lake and pond brook trout 
resources are the jewel of the eastern range: lake populations are intact in 
185 subwatersheds (18%  of the historical range), in comparison to only 
six intact subwatersheds among the 16 other states.”

Few o f Maine’s streams have been thoroughly surveyed, but using a 
rough estimate of 70%  of Maine’s stream miles likely to support brook 
trout, biologists estimate that 22,250 miles o f streams support principal 
brook trout fisheries in Maine. Stone et al. (2001) determined that brook 
trout occurred in 56%  o f the streams o f Acadia National Park, Mount 
Desert Island. Presumably, their distribution is even greater in upland 
habitat throughout the state. Again, the Eastern Brook Trout Joint Ven
ture analysis singles out Maine as “the last true stronghold for brook trout 
in the eastern United States,” and asserts, “Maine boasts more than twice 
the number o f intact subwatersheds for brook trout populations as the 
other 16 states in the eastern range combined.”

Genetics

Genetic technology is a recent innovation that has revealed important 
information about brook trout populations. Techniques to determine 
the genetic heritage of populations and subpopulations became available
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Table 2.1 Maine wild brook trout waters sampled for genetic variation from 
1995-2000.

Water (bv watershed) Town/Countv Year
ANDROSCOGGIN
Kennebago L (Little) Stetsontown, Franklin 1995
Little Magalloway R Lynchtown, Oxford 1999
Magalloway R Lincoln Pit, Oxford 2000
KENNEBEC
Rock P T05R06 BKP WKR, Somerset 1997
Massachusetts Bog Massachusetts Gore, Franklin 1997
Round P. Squaretown Twp., Somerset 1997
Prick P Skinner Twp., Franklin 1998
PENOBSCOT
Moxie P (Little) East Moxie Twp, Somerset 1997
Baker P Bowdoin Col Gr W, Piscataquis 1998
Horseshoe P T08R10 NWP, Piscataquis 1997
Hathorn P T04R08 WELS, Penobscot 1997
Branch P (East) T07 R11 WELS, Piscataquis 1998
Johnson P T08R14WELS, Piscataquis 1997
Hay P T06R8 WELS, Penobscot 1997
Bear P Rainbow Twp., Piscataquis 1998
Sourdnahunk L T05 R11 WELS, Piscataquis 1995
Bean Pot P T05 R15 WELS, Piscataquis 1997
Clish P T05 R20 WELS, Somerset 1997
ST. CROIX
Upper Flood L Talmadge, Washington 1997
ST. JOHN
B Stream Hammond Pit., Aroostook 1997
L Machias R Nashville Pit., Aroostook 1997
Brown Brook P T09 R09 WELS, Aroostook 1997
Third Wallagrass L St. John Pit., Aroostook 1997
Deboullie L T15 R09 WELS, Aroostook 1997
Pelletier Brook T16 R09 WELS, Aroostook 1997
Hafey P T18R11 WELS, Aroostook 1998
Lost P Russell P Twp., Somerset 1997
McKeen Brook T14 R11 WELS, Piscataquis 1997
Ross L T10 R15 WELS, Piscataquis 1995
Robbins Brook P T12 R11 WELS, Aroostook 1997

only in the 1990s. One concern was whether selective harvest o f large 
fish by anglers over a period of many years had caused Maine brook trout 
populations to become genetically compromised by inbreeding. Animal 
populations that are inbred— such as many breeds o f domestic dogs—  
display a low level o f genetic variability that may ultimately make them 
vulnerable to diseases, or unable to adapt to environmental conditions. 
For the same reason, stocked populations of brook trout are more likely 
to be inbred.
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For years, anglers have unwittingly selected for small fish by remov
ing large, fast-growing fish from the gene pool and putting them on their 
walls or in the frying pan. Intense fishing pressure can result in lower levels 
of genetic variation in brook trout populations, especially in lakes. Jones 
et al. (2001), studying nine New Brunswick lakes, concluded that “the 
greater the fishing pressure on lake-dwelling [brook] trout, the greater 
the reduction in heterozygosity [genetic variability] in those populations 
relative to their adjacent stream populations.” Inbreeding was a concern 
because a loss o f genetic variability could lessen the population’s ability to 
adapt to changes in its environment. Restrictive regulations counter this 
effect by protecting large, older trout from harvest so that they can spawn 
and pass along their genes to future generations.

A statewide brook trout sample from Maine lakes was collected and 
analyzed in the mid-1990s to determine the genetic relationships o f the 
states wild brook trout populations. This project was funded by grants 
from the Outdoor Heritage Fund and Trout Unlimited. From 1995 to 
1998, biologists collected brook trout from 31 Maine waters in five major 
watersheds (St. John, Penobscot, Kennebec, St. Croix, and Androscog
gin Rivers) (Table 2.1). Samples were analyzed for genetic variation of 
DNA (Castric et al. 2001). Analysis indicated that there was a significant 
amount o f genetic variability among the fish sampled, meaning that fish 
are not inbred and are therefore remain well suited to adapt to environ
mental changes.

The analysis also indicated that Maine’s brook trout are genetically 
distinct from fish sampled in Quebec and New Brunswick and that ge
netic variation o f Maine brook trout was not related to watershed bound
aries. Because o f reproductive isolation and different environmental con
ditions, biologists expect that brook trout populations isolated in water
sheds over thousands o f years may become more closely related to each 
other than to brook trout in neighboring watersheds. This phenomenon 
may create “strains” o f species that may display different color patterns, 
growth rates, or behaviors. One hypothesis to explain why genetic varia
tion was not related to watershed boundaries in Maine is that modern 
watershed boundaries have changed considerably since the last glacial pe
riod; as glaciers retreated, sea levels rose, the land rebounded, watershed 
boundaries changed, and the coastline shifted from as far inland as the 
Moosehead region to its present position.

Brook trout with pronounced curvature to their backs have been 
documented in various waters throughout Maine. It has not been deter
mined whether this trait is entirely genetic or whether environmental fac
tors play a role. These “humpback” trout, as they are known, have been
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Brook trout with a pronounced hump behind their heads have been document
ed in several waters throughout Maine, but the greatest number occur in the 
Rangeley area, steve Kasprzak.

reported from Hancock Pond (Denmark, Oxford County); the Range- 
ley chain o f lakes (Franklin and Oxford Counties); the Sebec Lake area 
(Piscataquis County); and from the Deboullie area (T15 R09 W ELS, 
Aroostook County). The earliest reference to the Maine humpback trout 
was published in 1886 in Outing, An Illustrated M onthly M agazine o f  
Recreation, which reported on the Rangeley humpback trout. Early refer
ences to the Sebec fish occur in the magazine M aine Sportsman from the 
period between 1905 and 1920.

Although humpback trout are still caught in the upper Androscog
gin River drainage (including the Rapid River, Magalloway River, Cup
suptic River, and Kennebago River), they are less abundant now than in 
the past. The trait may be associated with fish size; the Rangeley Histori
cal Society and individual anglers have large mounted brook trout but 
fewer fish reached such large sizes in recent decades. Recent sampling 
conducted in the upper Androscoggin watershed suggests that the num
ber of humpback trout may be increasing, possibly because of restrictive 
regulations imposed to increase the age and size of brook trout.



CHAPTER THREE

Biology, Habitat, and Ecology

Mart. rieColb^t,

“Some o f  the best brook trout ponds 

are the ones that nearly kill them ”

Former Regional Fisheries 

Biologist Keith. Havey.

Maine’s brook trout are remarkably variable in their habitat use, abun
dance, and growth rates. Some populations spend their entire lives in 
small areas whereas others may travel throughout watersheds. Brook trout 
typically spawn in shallow riffle areas o f streams, but they can also spawn 
in deep water and even in lakes. Where spawning habitat is abundant 
and conditions are favorable, they can reproduce with such abandon that 
they overpopulate and become stunted. This variability poses a challenge 
to fisheries managers who try to protect the species and improve fishing 
opportunities. Maine has invested more than a half century’s worth o f 
research on the biology o f brook trout to help guide management.

I. BIOLOGY

Spawning

Table 3.1 lists dates that brook trout initiated spawning in Maine waters. 
Spawning in Maine occurs from September to December but timing de
pends on elevation and temperature. Working on several streams on M t. 
Desert Island, Stone (2000) found that the duration o f spawning activity 
was associated with the rate o f decreasing water temperature. Spawn-
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Table 3.1 Dates that brook trout initiated spawning.

Water Date Spawninq Beqan Water Temp (°F)
Cold Stream (w. Forks pit) October 2 46
Kennebago River early October -
Hadlock Stream (mdd October 15 50
Johnston Pond1 mid-September - mid-October -
Jordan Stream (mdd October 20 52
Lurvey Spring (mdd late October 48
Rapid River October 14-18 46
Socatean Stream2 October 18 -
Sourdnahunk Lake1 early November 37-43

'Shore spawners 
Tributary to Moosehead Lake

ing duration was shortest at Hadlock Stream, where water temperatures 
decreased fastest. The spawning period was prolonged at Lurvey Spring 
where the temperature decrease was slow due to groundwater influence. 
On Hadlock Stream, spawning commenced on October 15, when the 
water temperature was 48°F. At Jordan Stream, spawning commenced 
on October 20, when the water temperature was 52°F. At Lurvey Spring, 
redds (nests) were first observed at the end of October when the water 
temperature was 48°F. W ild fish tended to home to specific sites within 
streams, whereas hatchery-reared trout tended to wander in search of suit
able spawning habitat. Brook trout that move into streams to spawn may 
overwinter there, or may return to lakes or ponds. At Lurvey Spring, more 
wild than hatchery fish moved downstream after spawning (Stone 2000).

The availability o f spawning habitat greatly influences brook trout 
abundance. Brook trout typically spawn in streams with moderate flows 
over gravelly substrates, especially in areas of groundwater upwelling, or, 
less commonly, in areas o f downwelling. They prefer spring-fed tributar
ies with cold water, and may spawn in springy shallow areas of lakes if 
the substrate is suitable. Groundwater seepage is an important factor in 
the location of redds. A study in Ontario indicated that this preference 
for groundwater was so pronounced that redd sites in springy areas were 
selected even when the substrate was suboptimal (Witzel and MacCrim- 
mon 1983). Redds are often located near instream cover such as logs and 
tree branches, and in shallow water. However, in western Maine waters, 
including the Rapid River, Kennebago River, Magalloway River, and 
Cupsuptic River, brook trout have been observed spawning in several 
feet o f water in areas o f groundwater upwelling.

Redds may be located very close to each other where spawning habi
tat is scarce. At Lurvey Spring, limited spawning habitat resulted in high 
congregations o f spawning brook trout (six to 22 individuals per spawn-
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Brook Trout: Spawning Behavior

Biologist Keith Havey provided an overview of the spawning behavior 
of brook trout in the Fish es o f  M a in e  (Everhart 1976).
"Brook trout spawn in the fall from September into December. Lake 
populations usually seek out cold lake tributaries, while trout already 
inhabiting stream or river areas spawn near their year-round home or 
migrate varying distances in main streams or into feeder streams. Popu
lations inhabiting lakes with no cold tributaries may spawn in areas of 
spring seepage in the lake itself or sometimes move into the outlet.” 
"Courtship and spawning behavior includes digging of an egg pit by 
the female for deposition of the eggs and a concurrent display of court
ing behavior by the male. Males vie vigorously for favor by the female, 
with biting and nipping often taking spectacular form. Two male trout 
have been observed to lock jaws and roll over and over down a rel
atively long section of riffle area. The female digs and cleans the 4- 
to 12-inch-deep egg pit with her tail and fins. Lying on her side, she 
moves the broad tail fin rapidly up and down near the bottom. Bottom 
material loosened by this process is carried downstream by current." 
"During the actual spawning act, one or more males swim to the side 
of the female in the egg pit she has dug, and eggs and milt are ex
truded simultaneously. Following the spawning act, the female works 
quickly to cover the fertilized eggs by digging slightly upstream from 
the egg pit. Newly loosened bottom material covers the eggs."
"Egg pits are constructed in bottom types ranging from fine sand to 
coarse, un-compacted gravel and rubble. The latter is usually consid
ered an ideal spawning material. Bottom or side spring seepage is ap
parently an important factor affecting choice of a spawning site by 
brook trout. Trout in Maine waters have often been observed to ignore 
a good rubble area in favor of a sandy area where spring seepage is 
evident."

ing area) and clusters of redds. Spawning habitat can be artificially cre
ated in streams, though it is difficult to locate sources o f groundwater 
inflow. Nonetheless, several attempts have been made to do so. Biologist 
Keith Havey conducted Maine’s first spawning improvement project at 
Echo Lake inlet, M t. Desert Island. After observing brook trout attempt
ing to spawn in sand and silt, he undertook a project to place gravel on 
areas where springs entered the main stream (Havey 1951). Single-wing 
deflectors were constructed just upstream to increase flow velocity over 
the gravel and to keep sand and silt from accumulating. Havey observed 
brook trout spawning in the constructed sites in 1950 and 1951.
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IV

Notation Description
0 First year of life and 

before the growing 
season; sac-fry and fry

Ill

0+ First year of life and 
after the growing 
season; fingerlings

II

Second year of life 
before the growing 
season; spring 
yearlings

1+ Second year of life 
and after the second 
full growing season; 
some of these fish are 
mature

ll-VII Mature fish; age in
years corresponds to 
roman numerals.

Figure 3.1 The age of fish is determined by a combination of size, time of 
year, and— particularly for older fish—rings on the scales that indicate annual 
growth. The table on the left gives the notation for aging fish. Scales are 
"read" by looking at a series of widely spaced rings (representing summer 
growth) and an abutting series of narrowly spaced rings (representing winter 
growth). Together, the series of rings represents a year's growth, m d ifw photo.

Brook trout spawn at varying ages but age III+ fish comprise the larg
est age class of spawning fish. Figure 3.1 shows the notation for aging fish 
and how age is determined. Brook trout sampled from Moosehead Lake 
were sexually mature at age 11+, while those from Johnston Pond did not 
mature until age III+ (Table 3.2). Hatchery-reared fish often mature at 
a younger age than wild fish. In a Minnesota study o f stream-spawning 
brook trout, the average age o f sexually active brook trout females was 
just over 11+ years, and ranged from 1+ to III+ years. Males matured 
slightly earlier than females. Brook trout rarely survived to be old enough 
to spawn twice (Sorensen et al. 1995). The number of older spawning 
brook trout may have declined in Maine during the last several decades 
because o f overharvest, but restrictive regulations imposed in 1996 are 
reversing this trend.

Females lay between 500 and 5,000 eggs, depending on the size of 
the fish. In Maine, the fecundity (number o f eggs) o f brook trout has
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been reported for wild fish 
stripped of eggs for hatchery 
production (Table 3.3) This 
number averaged 348 for 
Kennebago River trout and 
570 for Sourdnahunk Lake 
trout. Research biologist Bob 
Rupp (1967) determined the 
fecundity o f female brook 
trout at Johnston Pond as follows:

Table 3.2 Percent of brook trout that 
were sexually mature, by age.

Moosehead Lake Johnston Pond
Aae Male Female Male Female
1+ 45 54 0 0
11+ 89 83 13 5
111+ 95 100 54 83
IV+ 100 100 90 100
V+ 100 - 100 100

Y= -381.3 + 89.8X
where Y is the number of eggs and X is the total length in inches.

Thus, the predicted fecundity of a ten-inch female brook trout from 
Johnston Pond (and presumably from other Maine wild trout ponds) 
would be 517 eggs; that from a 16-inch trout would be 1,056 eggs.

Bob Rupp investigated brook trout shore spawning at Johnston 
Pond. This study revealed important insight into lake-spawning popula
tions; highlights o f his observations are as follows:

• Spawning was initiated between mid-September and mid-October.
• Redds were located in fine gravel from one to 15 feet from shore and 

in depths o f  0.5 to two feet and were all located near groundwater 
upwelling. Eggs remained in pits over winter and absorbed oxygen 
from the water flowing through the gravel.

Table 3.3 Fecundity of wild brook trout stripped for hatchery egg-take.

Water, Date # Females Eqqs Spawned Eqqs Per Fish
KENNEBAGO RIVER 
October 19, 1995 96 38,985 406
October 17-29, 1996 130 45,959 353
October 16-28, 1997 29 12,927 446
October 9-14, 1998 102 26,187 257
All 357 124,058 348
SOURDNAHUNK LAKE
November 7, 1991 15 15,093 1,006
November 8, 1994 18 10,744 598
November 14, 1995 28 12,750 455
November 7, 1996 71 36,504 514
November 13, 1996 60 23,904 398
November 7, 1997 108 67,912 630
November 13, 1997 65 37,400 575
November 5, 1998 115 44,125 384
All 480 248,432 570
Grand Total 837 372,490 445
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Eggs and new hatchlings (left) and more developed sac-fry, or alevins, that still 
retain remnants of the yolk sac (right), mdifw photo by Dr. Russell Danner

• Water temperature within redds varied from 34°F during spawning 
to near-freezing during mid-winter. Eggs hatched between February 
20 and March 6 for an incubation time of approximately 130 days 
(in contrast, incubation times may be only 50 days in warmer water). 
Hatching success was approximately 75% .

• Sac fry (newly hatched eggs, also called “alevins”) left the egg pits 
within a few days o f  hatching. Rupp concluded that they burrowed 
out of the egg pit into the surrounding gravel, where they remained 
for three to four weeks until their yolk sacs were absorbed.

• Fry frequented shallow water for several weeks after ice-out and 
stayed near submerged aquatic plants. As the season progressed and 
water temperatures increased, fry moved offshore into deeper water.

• O f the adult trout sampled before mid-July, 20%  had eaten trout fry. 
After mid-July, when fry had moved to deeper water, trout stopped 
eating fry and began to eat young blacknose dace.

Maine biologist Roger AuClair conducted one of the earliest studies of 
Maine brook trout stream spawning behavior in Socatean Stream. So- 
catean Stream is 9.8 miles long and empties into the northwest corner 
of Moosehead Lake. It is considered Moosehead Lake’s principal brook 
trout spawning tributary, producing more than 500,000 brook trout an
nually. From 1957 to 1961, biologists monitored brook trout movements 
by marking resident fish and installing fish traps. Spawning adult brook 
trout began to migrate into Socatean Stream by mid-July, increasing in 
numbers and size until the peak in mid-September. Rain events increased 
the frequency o f movement. Spawning occurred between October 16 and 
November 6 at distances o f one to six miles upstream o f the Lake. The



Chapter Three: Biology, Habitat, and Ecology

spawning run consisted o f 704 female brook trout from six to 21 inches 
long, representing an estimated spawn o f 725,00 to 856,000 eggs.

McFadden (1961) reported that only 10-21%  of brook trout eggs 
failed to hatch. Hatching rates are high because buried eggs are well pro
tected. However, much greater mortality is expected for newly hatched 
eggs because of predation and other environmental threats. For Socatean 
Stream, AuClair estimated a survival rate o f 38%  from age 0+ to age 1+ 
(from September of their first year to September o f their second year), 
and a survival rate o f 48%  for the next full year. The survival rate of 
brook trout in a Michigan stream was determined to be 3.6%  to the end 
of the first year, 1.5% to the end o f the second year, 0.3%  to the end o f 
the third year, 0.02%  to the end o f the fourth year, and only 0 .0005%  
to the end of the fifth year (Shetter 1961). This study indicates that if  a 
brook trout spawns 1000 eggs, chances are that fewer than one fish (on 
average) will survive to its fifth year. This demonstrates the importance of 
protecting the older fish that contribute the largest number o f eggs.

Growth and Longevity

Brook trout growth rates vary greatly due to a variety of factors, the most 
important being the productivity in a waterbody, water temperature, and 
diet. They have the remarkable ability to adapt to local conditions and 
occupy a wide variety o f habitats. Brook trout growth is generally highest 
in productive lakes with few or no competing species. Severe competi
tion and extreme temperatures limit growth. The optimum temperature 
range for brook trout is 55-66°F. In a study o f three Maine ponds, hatch
ery-reared brook trout stocked as fall fingerlings grew the fastest between 
midsummer and fall when water temperatures were the warmest.

Brook trout are relatively short-lived. Most trout caught in streams 
are age 11+ and younger, and in lakes most trout are age III+ and younger. 
Research biologist Ken Warner concluded that brook trout in streams 
generally had short life spans, slow growth rates, and high annual mortal
ity rates. Stocked populations— particularly older domestic strains— have 
even shorter life expectancies. Table 3.4 shows average size by age o f wild 
and stocked brook trout from lakes and streams. Figure 3.2 shows the 
relationship between length and weight for stream brook trout.

Statewide samples of brook trout from streams indicate that streams 
connected to lakes support larger fish. In streams that flow into lakes, 
trout grow more between age 1+ and II+, suggesting that they may mi
grate to the lake and consume a richer diet during that period. Wild brook 
trout in large lakes tend to grow faster than do those from small lakes.
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Table 3.4 Average length (inches) and weight (pounds) by age for wild and 
stocked brook trout from lakes and streams.

Age
Water Origin Statistic 0+ l+ II+ III+ IV+ V+ VI+ VII+
Lakes Wild Length 3.5 7.2 9.5 12.4 14.9 16.6 18.5 21.9

Weight 0.02 0.15 0.35 0.79 1.32 1.83 2.63 5.62
Number 217 2,915 4,418 3,639 1,098 230 42 1

Stocked Length 5.8 10.2 12.6 14.5 16.7 19.5
Weight 0.14 0.44 0.85 1.35 2.09 3.68
Number 13 5,248 1,416 297 62 3

Streams Wild Length 2.7 4.6 7 11.1 15.4 18.2 18.5
Weight 0.01 0.04 0.17 0.6 1.5 2.3 2.46
Number 546 403 239 148 50 15 2

0 2 4 6 8 10 12 14 16
Length (inches)

Figure 3.2 Length-weight relationship for brook trout sampled from streams.

A study o f brook trout populations in several Adirondack lakes 
showed that trout were primarily age 0+ to age II+; age III+ fish were un
common and age IV+ fish were rarely observed (Flick and Webster 1976; 
Keller 1979). Angler surveys from the Fish River chain o f lakes in Maine 
for the years 1957-1959 indicated a higher proportion o f older-age fish 
from those relatively pristine waters: 22%  were age IV+, 3%  were age V+, 
and 0.4%  were age VT+. Wild brook trout sampled from Maine lakes in 
the early 1990s had a much lower proportion of older-age fish— 5%  were 
age IY+, 1% were age V+, and 0.2%  were age VI+. Brook trout older 
than age VI+ are extremely rare. Only one age VII+ fish was recorded in 
ten years o f angler surveys of Moosehead Lake. One age VIII+ fish was



Chapter Three: Biology, Habitat, and Ecology

captured in 1958, and one age IX+ fish was captured in 1961 (AuClair 
1982). This is the oldest brook trout recorded in Maine, and is at odds 
with Freshwater Fishes o f  Canada (Scott and Crossman 1998) that indi
cates that the life span o f brook trout is “never beyond eight years.”

More recently, a study conducted at Chamberlain Lake, Piscataquis 
County, found a large proportion o f old fish. This 11,084-acre lake was 
sampled by trapnetting in the fall o f2001 and by clerk surveys during the 
2002 and 2003 ice fishing seasons. Two VII+ brook trout were caught, 
and 40%  o f the trapnetted fish were age IV+ or older, compared to only 
6%  of the statewide sample. This population is currently protected by a 
two fish limit; the minimum length limit is 12 inches, and only one of 
the two fish may be greater than 14 inches.

Harvest o f large fish throughout the twentieth century may have de
creased the size quality of Maine’s brook trout fishery. The number of 
old-age brook trout is presendy increasing because o f restrictive harvest 
regulations imposed in the 1990s and the increasing tendency o f anglers 
to voluntarily release fish. Selection o f hatchery brood from longer-lived 
wild stocks may also be contributing to the resurgence o f large brook 
trout. Table 3.5 lists large brook trout captured during routine sampling 
by fisheries biologists in Maine. Many o f these fish were not unusually 
old, but rather grew rapidly because they lived in productive waters.

Abundance

Abundance refers to the amount (number or weight) o f  brook trout pres
ent in a waterbody. Biologists also refer to abundance as “standing stock,” 
and express it in terms o f the number or pounds o f fish per unit o f area. 
Abundance is affected by all o f the same variables that affect distribution 
and growth, foremost of which are ecosystem productivity, water quality, 
and competition.

Research biologist Joan Trial summarized 102 brook trout popula
tion estimates from studies conducted in Maine streams from 1955 to 
1985. Abundance varied from 7.4 fish per 100 square yards to 174 fish 
per 100 square yards. In simple terms, a mile-long section o f a 30-foot 
wide brook trout stream could contain anywhere from 1,302 to 30,624 
brook trout. The percentage of trout that were larger than six inches rep
resented only 6%  o f the total, or 78 to 1,837 fish. These figures demon
strate the tremendous variability in stream brook trout populations and 
the small proportion harvestable fish.

Most brook trout population estimates have been done on relatively 
small streams or ponds. In small Maine ponds sampled between 1994
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Table 3.5 Brook trout 4 pounds and larger sampled by MDIFW, 1970-2001.

W a te r Co u n tv Y e a r
Len g th
(in)

W e ig h t
(lb) A q e O riq in 1

Auburn L Androscoggin 1970 25.6 8.1 - -
Bill Morris P Somerset 1989 19.8 4.1 IV+ FF
Chamberlain L Piscataquis 1979 22.4 4.1 v+ Wild

1968 23.1 6.9 v+ Wild
2001 21.9 5.6 VII+ Wild
2001 21.0 4.1 ■ Wild
2001 21.0 4.4 ■ Wild
2001 21.0 4.2 Wild
2001 21.9 5.4 - Wild
2001 21.9 5.6 VII+ Wild

Grass P Somerset 1983 19.3 5.2 v+ Wild
1994 20.0 4.2 III+ Wild
1994 22.2 5.5 IV+ Wild
1994 22.5 5.4 IV+ Wild
1994 23.0 4.5 IV+ Wild
1996 22.0 4.1 IV+ Wild

Great P Kennebec 1980 22.4 5.6 - -

Indian P Piscataquis 2001 20.3 4.3 VI+ Wild
Indian P, Big Piscataquis 1976 23.0 4.7 - Wild
Jim P, Little Franklin 1977 19.7 4.2 VI+ FF
Keys P Oxford 1994 22.5 6.3 - FF
Kilgore P Somerset 1986 23.0 6.2 v+ SY

1999 19.0 4.5 IV+ SY
1999 20.2 5.1 IV+ SY

Little P Lincoln 1988 20.7 4.1 II+ SY
1999 18.8 4.3 - SY
1999 19.8 4.3 - SY

Moosehead L Piscataquis 1976 22.0 4.3 v+
1980 21.3 4.5 VI+
1981 21.7 4.8 v+
1982 20.7 4.0 IV+ -
1983 23.0 4.4 - -
1984 22.0 4.5 - -
1984 20.9 4.2 - -

1984 22.6 5.0 -
1984 20.7 4.4 IV+
1985 23.1 4.2 v+ V

1986 22.8 4.2 - -
1986 23.0 4.5 VI+ -
1986 24.4 5.7 ■ -
1998 20.2 4.0 ■ -
1998 22.6 4.6 ■ -
1999 22.8 4.4 ■ -

Mooselookmeguntic L Oxford 1984 20.1 4.2 VI+ Wild
Pierce P Somerset 1986 22.0 4.4 IV+ Wild

1987 22.5 4.6 v+ Wild
1987 24.0 7.5 VI+ Wild

Rift P Plancock 1981 21.0 5.7 VI Wild
Roach P, First Piscataquis 1984 21.1 4.5 IV+ -
Rodrique P Somerset 1968 19.2 4.2 IV+ Stocked

1968 20.1 4.0 IV+ Stocked
1968 22.4 5.6 IV+ Stocked

Shagg P Oxford 1973 20.0 4.1 - FF
Telos L/Round P Piscataquis 1979 22.3 4.8 v+ Wild
Wilson P, Upper Piscataquis 1971 23.0 5.0 VI+ -
’Stocked fish noted as FF (stocked as fall fingerling) or SY (stocked as spring yearling)
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Table 3.6 Number per acre of brook trout in Maine lakes <200 
acres, wild versus stocked.

Number Per Acre by Age
Origin # Lakes 1+ 11+ 111+ IV+ All
Wild 24 4.3 6.3 2.4 0.2 13.3
Stocked1 5 9.6 2.3 0.2 0.1 12.2

'Kennebago and Sourdnahunk strains, sampled 1997-2001

and. 2001, the standing stock o f wild trout six inches or longer averaged 
13 per acre. For stocked ponds, standing stocks were 12 per acre (Table 
3.6). Though standing stock is generally much higher in stocked ponds, 
older brook trout (age III+ and greater) comprise a much higher propor
tion o f wild populations.

Estimating brook trout abundance in large lakes is difficult because 
of the need to sample a large portion o f  the population to obtain accurate 
results. Nonetheless, biologists began to estimate brook trout abundance 
in large lakes in the 1990s by intensive trapnetting. At Big Eagle Lake in 
the Allagash, biologists estimated a standing stock of 0.14 pounds per acre 
of harvestable (12 inches or longer) brook trout. O f these, an estimated 
691 (0.07 pounds per acre), representing 51%  of the population esti
mate, were harvested in the winter (Lucas 1993). At Chamberlain Lake, 
biologists estimated the standing stock o f harvestable trout (>12 inches) 
to be 0 .36 pounds per acre in 2001. These figures demonstrate that large 
brook trout are a fragile resource that can easily be over fished.

Brook trout abundance declines dramatically when competing spe
cies are present. Flick and Webster estimated a total abundance of 63-106 
pounds per acre for all fish species in six stocked Adirondack (New York) 
ponds containing brook trout, suckers, yellow perch, brown bullhead, 
pumpkinseed sunfish, and minnows. Brook trout comprised less than 
1% o f the standing stock (less than 1 pound per acre). However, brook 
trout abundance increased dramatically after the competing species were 
removed by reclamation.

Movement and Migration

Brook trout migrate for a variety o f reasons. Lake fish move to streams to 
spawn. Newly hatched fry move to nursery areas for cover and food. As 
fish mature, they may move from nursery areas to stream pools or to lakes 
and ponds. Environmental conditions may induce movement— during 
the summer, brook trout retreat to cooler springs. Brook trout also move 
to avoid high flow rates. Spawning movements are prompted by seasonal
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following rish

Biologist Bill Hanson, who works for FPL Electric, Inc., has probably 
done as much radio telemetry work on Maine brook trout as anyone, 
much of it intended to answer questions about brook trout movements 
associated with hydroelectric dams. Bill wrote the following description 
of his work:
"The use of radio-telemetry has become a very important technique for 
studying fish movements and fish behaviors in rivers, streams and lakes. 
Small radio transmitters are surgically implanted into fish caught at the 
study area. The surgery is conducted on the riverbank and the fish are 
immediately returned to the river. Each tag transmits a radio signal with 
its own frequency so individual fish can be located. The tags run for 
about one year and the signal is picked up on a small handheld receiver 
and a directional antenna. The fish can be located from shore or from 
boats. The signal also transmits through the ice and snow so that fish 
can be located in the winter. Tracking is also done from airplanes with 
antennas mounted on the wing struts. Some of the questions that ra
dio tagged fish can answer include:

• What habitats in lakes, rivers and tributaries do the fish use?
• What are the seasonal movements of the fish?
• How do the fish respond to flow changes at a dam?
• Are the fish using the fishways at the dams?
• Where do the fish spawn?
• When do they move to the spawning areas?
• Are the fish using areas for thermal refuge?
• How often are fish eaten by predators or caught by fishermen?
• Do fish benefit from manmade stream habitat restoration and en

hancement?

The accuracy of locating the tags is such that tags or fish can be found 
by wading or SCUBA diving. It is possible for biologists to reach be
neath a log or rock to flush out a hiding fish. Tags have also been found 
in mink dens, otter feeding areas, and even retrieved from osprey nests. 
Once a common merganser ate a tagged fish; the duck was tracked 
one day as it flew away and a few days later the merganser passed the 
tag and it was picked up along the shore, sterilized, and re-implanted 
in another fish.

Hydropower biologists have partnered with MDIFW to tag and 
track over 300 brook trout, rainbow trout, lake trout, landlocked salm
on, and smallmouth bass. Studies have provided valuable data on the 
fisheries that allow resource agencies, conservation groups, and hydro- 
power companies to make the best management decisions to protect 
the fisheries.
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A continuous flow of water is flushed through the gills as biologists surgically 
implant a radio tag in a brook trout to follow its movement, fple photo

changes and physiological factors. Finally, brook trout move to seek bet
ter feeding opportunities.

In streams, fry begin to move soon after emerging from gravel in the 
spring. Roger AuClair believed that most newly hatched fry at Socatean 
Stream moved downstream from spawning sites to a deadwater section. 
He stated that the fry were moving downstream “at fairly rapid rates very 
close to the banks and barely under water.”

At M t. Desert Island, Le studied the movement o f age 1+ and older 
brook trout within the lower 1.3 miles of Hunter Brook between May 
and October. Movements were attributed to changes in stream condi
tions and interactions with other fish species. Movements declined dur
ing the summer and were generally less than a half-mile. Late summer 
declines were attributed to reduced flow and restricted movement cor
ridors. Most mobile fish were ages 1+ and II+, and less than 30%  o f the 
trout moved. Keith Havey installed two-way fish traps at Echo Lake Inlet 
(Lurvey Spring) and Long Pond Outlet, located on Mt. Desert Island. 
Movement o f stocked brook trout associated with spawning peaked from 
mid-October to late November. In Branch Brook (York County), biolo
gist Stu DeRoche found that wild brook trout moved upstream during 
spawning migrations and then returned to pre-spawning locations

Biologist Dave Basley documented brook trout movement in the 
Aroostook River by tagging fish captured at a fish trap installed in the 
Caribou Dam fishway from 1992 to 1996 (Table 3.7). Brook trout were



Table 3.7 Movement of brook trout captured and marked at Caribou Dam, 
Aroostook River
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Fish Lenqth (in) Date Marked Davs at Larqe
Distance 
Travelled (mi) Direction

7.1 5/15/1992 364 0.5 Downstram
12.5 5/18/1992 14 4.0 Upstream
12.2 5/18/1992 21 37.5 Upstream
8.7 6/5/1992 9 2.1 Downstream
9.7 6/5/1992 340 0.8 Downstream
10.7 6/5/1992 31 51.5 Upstream
12.1 6/5/1992 19 2.9 Upstream
15.0 6/5/1992 340 2.9 Downstream
10.8 6/8/1992 334 0.0
12.0 6/12/1992 40 22.5 Downstream
13.3 6/12/1992 22 51.5 Upstream
14.3 6/12/1992 34 3.4 Upstream
12.2 6/14/1992 33 37.5 Upstream
8.7 6/15/1992 23 1.6 Downstream
8.9 6/15/1992 35 33.0 Downstream
10.4 6/15/1992 7 18.5 Upstream
11.2 6/15/1992 61 120.8 Upstream
11.8 6/15/1992 21 34.6 Upstream
12.0 6/15/1992 55 3.2 Upstream
12.4 6/15/1992 18 18.5 Upstream
10.0 6/23/1992 29 37.5 Upstream
10.2 6/26/1992 44 3.2 Upstream
11.1 6/26/1992 366 2.9 Upstream
10.5 7/2/1992 394 9.7 Downstream
9.1 7/2/1992 324 4.0 Upstream
10.0 7/2/1993 23 4.0 Downstream

marked with jaw tag numbers and were recaptured non-lethally at the 
tagging site or lethally by anglers. Brook trout movement was greatest 
during the spring when water temperatures were cool and flow was di
minishing. Specifically, the greatest amount o f movement occurred in 
June when water temperatures ranged between 64-68°F. Although the 
maximum movement recorded was 75 miles upstream (from the Cari
bou Dam to a site upstream of The Oxbow), most trout were recaptured 
within 12 miles of Caribou Dam. More than 70%  of the tagged brook 
trout were caught in or near coldwater tributaries.

As part of the Harris Dam relicensing process, Florida Power and 
Light and Electric (FPLE) implanted transmitters in 36 brook trout in 
the Kennebec River in 1999 and 2000. The use o f surgically implanted 
radio tags allowed researchers to locate individual fish remotely. Fish were 
collected downstream of Harris Dam to Wyman Lake (the Kennebec
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Gorge), a distance of 19 miles. Movements were monitored to determine 
the effects of peaking flows on their behavior.

O f the 31 brook trout tagged in the Kennebec River in 2000, nine 
moved up the Dead River and one continued three miles up Little Spen
cer Stream, subsequently returning to the Dead River and traveling up 
Spencer Stream. Another trout traveled three miles up Enchanted Stream, 
another tributary to the Dead River. The greatest movement was by a 
brook trout tagged at Harris Station on December 1, 1999 (Figure 3.3). 
This fished moved downstream 19 miles to overwinter in Wyman Lake 
and then traveled upstream 22  miles into the Dead River and was caught 
on July 8 below Grand Falls— a total distance of more than 40 river 
miles in seven months. Several other fish moved more than 20 miles. Fish 
tended to remain in one area for an extended period and then move long 
distances in a short period. Because dams control the flows o f both the 
Kennebec and Dead Rivers, movements of these fish may not be typical 
of brook trout within natural systems. However, these data— as well as 
the Aroostook River data— document the ability o f brook trout to move 
relatively long distances within a short time when flows and water tem
peratures are favorable.

Figure 3.3 Movement of a radio-tagged brook 
trout in a portion of the upper Kennebec River, 
from Harris Dam to Wyman Lake and then back 
up into the Dead River and to Grand Falls before 
being caught by an angler. The fish swam 40 
miles in seven months.

GRAND FALLS

i ^-HARRIS DAM 
Radio tag attached

8 days post-tagging 

19 days post-tagging

KENNEBEC RIVER

27 days post-tagging 

36-43 days post-tagging 

62-104 days post-tagging

FLAGSTAFF
LAKE

WYMAN LAKE



A study by FPLE on the Rapid River in western Maine using similar 
monitoring techniques found that 24 radio-tagged brook trout moved 
freely throughout the river while water temperatures were cool. Brook 
trout congregated in nearby lake environments (Pond in the River and 
Umbagog Lake) when waters warmed, and most brook trout spent the 
winter in lakes. These studies emphasize the importance of unrestricted 
movement throughout river drainages to accommodate brook trout.

II. HABITAT

Water quality

Brook trout require pristine habitats with cold and clean water, and are 
one of few Maine natives adapted to headwater streams. They can exist in 
small ponds that get warm during the summer, but usually only if  cold- 
water refuges exist, such as deep water, springs, or groundwater seeps. 
Even though springs and seeps may be difficult for biologists to locate 
during surveys, they are assumed to exist if  viable trout populations exist 
in waterbodies that seem too warm for trout. Gerald P. Cooper, a Uni
versity of Maine professor who conducted early surveys of Maine lakes, 
recognized that brook trout can survive in waters “below 75° F, prefer
ably below 70°F” and that they “will live and do well in water 75°F and 
warmer in shallow ponds where competing warmwater fishes, such as the 
perches, bass and pickerel, are not present” (Cooper 1941). He added 
that the maximum tolerance o f 70°F was “tentatively set for those lakes of 
the southern part o f Maine where warmwater game fishes are present.”

Brook trout are sensitive to dissolved oxygen levels and generally can
not tolerate less than 5.0 ppm (parts per million). Low oxygen will cause 
respiratory stress and reduced metabolism, resulting in slower growth and 
mortality. Guidelines set by the US Environmental Protection Agency 
(EPA) indicate that oxygen levels o f 5.0 ppm will ensure survival— but 
not growth— of coldwater fish and that 6.5 ppm cause “slight impair
ment” of growth. Anecdotal evidence suggests that a decline in dissolved 
oxygen from 6.5 to 5.0 ppm may result in a 10% decline in growth.

Dissolved oxygen and temperature are strongly related because cold 
water tends to hold more oxygen than warm water. Rising water tem
peratures during the summer are accompanied by falling dissolved oxy
gen levels, leading to thermal and oxygen stress. Dissolved oxygen fre
quently limits brook trout distribution in lakes and ponds with otherwise 
suitable water temperatures. The decomposition of organic matter uses 
oxygen and may lead to oxygen deficits, especially in highly productive

Squaretails: Biology and Management of Maine’s Brook Trout
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Mclntire Pond Winterkill

Mclntire Pond is a 20-acre pond in New Sharon. It was surveyed in 
1980 and found to have water quality suitable for brook trout, but the 
only fish present were minnows. That fall we began annual brook trout 
stocking, and for several years the fish survived and grew well, provid
ing a quality brook trout fishery. One spring, however, several anglers 
reported that there were few fish to be had. After sampling the pond 
we concluded that the trout had died the previous winter. A series of 
mild winters with little snow had permitted light penetration through 
the ice for a good portion of the winter, with the result that photosyn
thesis had provided adequate oxygen for the fish. During a subsequent 
winter with heavy snowfalls, however, light penetration had been cut 
off and oxygen levels plummeted, causing most of the trout to die. To 
remedy the situation, we began stocking spring yearling brook trout, 
which were available to anglers before the rigors of winter. Winterkill 
still occurs during some snowy winters. Most years, however, brook 
trout survive for several years to reach attractive sizes.

lakes and ponds. Seasonal low oxygen levels often force brook trout into 
small areas where oxygen is more plentiful, such as springs. Lakes and 
ponds that lack such areas are incapable of supporting viable brook trout 
populations but may support seasonal stocked fisheries. Even though low 
oxygen levels are stressful, brook trout are known to make brief feeding 
forays into areas of low oxygen if  prey are abundant.

Biologist David Locke analyzed winter water quality o f 24 Maine 
ponds. The oxygen content declined with depth and over the duration 
of the winter. Oxygen levels near the surface increased in response to 
melting snow, either because o f increased photosynthesis resulting from 
greater light penetration or from inflow o f oxygen-rich melt water. Low 
oxygen levels often result from a combination o f limited sunlight pen
etration through snow-covered ice, lack of gas exchange at the waters sur
face, and organic decomposition. Low oxygen often results in winterkill, 
a chronic problem in many small productive lakes throughout Maine, 
especially when long winters result in longer periods o f ice cover. This 
form o f mortality is seldom observed because it occurs below the ice, but 
can be inferred from poor fishing success the following spring.

Brook trout growth largely depends on the productivity of their en
vironment. Primary productivity refers to the conversion o f inorganic



materials and the sun’s energy into organic matter through the process 
o f photosynthesis; algae and vascular plants are the two main groups of 
primary producers in lakes and streams. Secondary productivity refers 
to the production of animal biomass (e.g., invertebrates and fish) that 
feed on primary producers or other animals. Brook trout productivity, 
therefore, depends on the amount o f primary production in a water- 
body and the pathways by which that energy reaches trout; these path
ways might include zooplankton, benthic invertebrates, or smaller fish. 
Lakes and streams vary widely in their ability to grow large numbers or 
large sizes of brook trout— places like Pierce Pond or the Rapid River 
exemplify productive habitats, whereas many waterbodies simply cannot 
support brook trout at all. This disparity is often hard to characterize or 
measure, which can be challenging for fisheries managers attempting to 
identify and protect the most productive brook trout waters from among 
the nearly 32,000 stream miles and 5,800 ponds greater than one acre 
on size in Maine.

Alkalinity is an easy-to-measure variable that indicates the productiv
ity potential o f a waterbody. Alkalinity is the capacity of the substances 
dissolved in water to neutralize acid, and waters with high alkalinity are 
usually more productive than waters with low alkalinity. A watersheds 
geology (e.g., soils and bedrock) and habitats (e.g., forest cover, wetlands) 
strongly influence the alkalinity of groundwater, lakes, and streams. 
Maine’s freshwater environments exhibit very low alkalinities. O f 381 
alkalinity measurements collected statewide since 1952, 89%  were less 
than 20  ppm. The highest alkalinity recorded in a statewide study by 
biologist Don Mairs was 110 ppm. Highest alkalinities were recorded 
over a large limestone deposit in Aroostook County between Caswell and 
Sherman. The reason for low alkalinities in Maine is bedrock that con
sists o f dense, crystalline rocks that are very insoluble, whereas in areas 
with high amounts of calcium, such as the midwestern United States, 
alkalinity values o f surface water often exceed 400 ppm. The net result 
o f low alkalinity— and thus low productivity— is that brook trout grow 
more slowly in Maine than they do in other areas. However, Maine wa
ters that grow large brook trout despite low alkalinity values— such as 
the Rangeley Lakes, the Pierce Pond area, and Moosehead Lake— suggest 
that other factors are important determinants o f trout growth rates.

For lakes and ponds, biologists typically sample water quality in mid
summer, when warm water temperatures and low dissolved oxygen are 
most stressful to brook trout. Water quality is determined with a verti
cal series o f measurements— such as temperature, dissolved oxygen, and 
pH— from the surface to the deepest portion of a lake. These measure-
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Table 3.8 Statewide summer water quality values of wild brook trout lakes 
<200 acres in size, 1984-1993.

Depth (ft) Temp (°F) pH Oxvqen (ppm) Alkalinity (mq/L)
0-10 70.0 6.7 9.2 10.3
10-20 57.0 6.2 6.4 10.7
>20 45.0 6.2 4.3 10.2

ments provide a quick and accurate method to determine whether a lake 
provides suitable habitat for brook trout. Statewide water quality surveys 
collected between 1984-1993 are shown in Table 3.8. In streams, water 
quality samples must be conducted more frequently and in several differ
ent locations because conditions are more variable than in lakes.

At the request of M D IFW , the Maine Department o f Environmen
tal Protection (DEP) analyzed water quality o f 17 brook trout ponds in 
1999 and 2000. For those waters, there were significant relationships be
tween brook trout weight-at-age and maximum chlorophyll levels, sug
gesting that chlorophyll might be a good indicator o f  waters with high 
growth potential for brook trout. There was no apparent relationship 
between brook trout weight and alkalinity despite the widely held belief 
(expressed previously) that the two factors are generally related.

Stream Habitat

The most productive trout streams have suitable water quantity and qual
ity, few competing fish species, and a combination of spawning, nursery, 
and adult habitat. Brook trout prefer clean water, cool temperatures, and 
a variety of riffle, run, and pool habitats. Riffles are made up o f relatively 
steep, shallow sections o f stream with fast current. Runs are flatter and 
deeper sections of streams with moderate current. Pools are deeper and 
flatter than runs, and have even slower currents. Typically, cobble and 
gravel are the predominant substrates and fine sediments such as silt are 
rare. The best trout streams are usually shaded by shoreline vegetation 
that helps keep water temperatures cool.

Brook trout tend to be most abundant in small streams and scarce 
in large rivers. Large rivers are often too warm, too turbid (murky), and 
have a higher proportion o f sand or silt substrates. Consequently, large 
rivers support many habitat generalists. Generalists can tolerate a broad 
range of environmental conditions, eat many types o f foods, and spawn 
in a variety of habitats. In ideal trout waters, brook trout have an ad
vantage over competing fish species because they are better adapted to 
cold and low-productivity environments. Species assemblages tend to be
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Streams such as Durgin Brook (West Forks) provide ideal trout habitat due to 
their small size, cool water, habitat complexity, and forested canopy. Forrest Bonney

least diverse in headwater streams (but with a disproportionate number 
of brook trout) and gradually increase in diversity downstream toward 
larger rivers (but with far fewer brook trout).

Water temperatures o f streams and rivers are affected by elevation, 
groundwater inflow, stream width, streamside vegetation, wetlands, 
water depth, and presence of pools. Low-elevation streams with little 
streamside vegetation and frequent pools tend to warm the most, but 
even some high elevation streams may be unsuitable for brook trout dur
ing the warmest times o f the year. Trout tend to migrate to pools during 
periods of low water (in summer or winter) or when water temperatures 
are too warm. Avoidance temperature is the temperature at which brook 
trout are prompted to migrate to cooler water. In a Nova Scotia study, 
biologist John MacMillan found that brook trout moved to springs when 
the daily average water temperatures exceeded 67°F and when daily max
imum water temperatures exceeded 71°F. MacMillan also found a greater 
number of scars and abrasions on brook trout during warm periods when 
they were crowded into areas of cool water, suggesting greater vulnerabil
ity to predators and competitors. Small tributaries are often cooler than 
large streams and therefore provide refuge when trout need it most.

Water flow rates and stream bottom (substrate) types also influence 
brook trout abundance. Juvenile brook trout avoid fast water, preferring 
low water velocities o f about 0.03 to 0.08 feet per second (Griffith 1972).
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Despite its large size, Moosehead Lake supports one of the finest lake popula
tions Of brook trOUt in Maine. Ethan Nedeau

The presence o f large substrate— including boulders and rubble— pro
vides localized areas o f reduced flows, or “velocity refuges,” for small 
trout. As they grow, they will move into faster water, but conserve en
ergy by resting behind rocks and logs. The availability o f hiding places 
provided by rocks and woody debris influences the abundance of brook 
trout in streams and rivers.

Brook trout may use both streams and lakes throughout their lives. 
For example, trout that reside in lakes may spawn in tributaries. Streams 
may serve as nursery areas, and fish may then swim to the lake where 
they mature into adults. The use o f both lakes and streams frequently 
results in the greatest brook trout growth, because lakes are usually more 
productive than streams.

Lake Habitat

Though their name may suggest otherwise, brook trout are very common 
in Maine’s lakes and ponds. Maine has approximately 5,800 lakes and 
ponds greater than one acre in size, 1,135 (403,396 acres) o f which have 
principal fisheries for brook trout (Table 3.9). O f these, 396 (57,962 
acres) are eutrophic (see text box on lake types), 451 (84,861acres) are 
mesotrophic, 194 (258,152 acres) are oligotrophic, and 94 (2,420 acres) 
are unclassified or listed as ‘other.’
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Lake Ttjpes

Lakes are often categorized by their productivity. Oligotrophic lakes 
are typically large and deep, but their defining characteristic is that 
they have low dissolved nutrients such as phosphorus, nitrogen, and 
calcium. Oxygen is usually abundant at all depths throughout the year 
and water clarity is high. Eutrophic lakes are generally shallow and 
rich in basic nutrients and, consequently, have an abundance of plant 
life. Oxygen may become depleted in the deeper water during the sum
mer and under the ice in winter. Mesotrophic lakes lie between these 
two extremes and account for many of Maine’s brook trout waters. 
Dystrophic lakes are usually located in boggy areas and have low pH 
values and brownish water.

The size of a lake or pond is an important indicator o f brook trout 
abundance. Small ponds and lakes generally produce more trout per acre 
than large lakes. I f  water temperatures are suitable, brook trout tend to 
favor the littoral zone, which is the shallow area of a lake where light 
penetrates to the bottom and permits rooted aquatic plants to grow. Lit
toral areas are often nutrient-rich, have abundant brook trout prey, and 
provide cover. Water tem
peratures in littoral areas 
may become too warm 
for brook trout during the 
summer. Nevertheless, the 
high proportion of littoral 
habitat makes small ponds 
more suitable for brook 
trout than large lakes.

Brook trout often 
thrive in large lakes. Biolo
gist Roger AuClair indicat
ed that although Mooseh
ead Lake supported brook 
trout most o f the year, shal
low coves often became too 
warm (71-75°F) in some 
years. Brook trout are usu

Table 3.9 Maine lakes with principal brook 
trout fisheries, by county and size.

Co untv <200 Acres >200 Acres All
Androscoggin 7 1 8
Aroostook 132 38 170
Cumberland 13 5 18
Franklin 79 13 92
Hancock 47 12 59
Kennebec 7 5 12
Knox 1 1 2
Lincoln 8 0 8
Oxford 51 15 66
Penobscot 31 14 45
Piscataquis 285 73 385
Sagadahoc 0 0 0
Somerset 179 35 214
Waldo 6 2 8
Washington 32 4 36
York 15 2 17
Total 893 220 1,113
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ally less abundant in deep water even though water quality may be suitable. 
Brook trout that inhabit deep water are often large and prey on forage fish 
such as smelts. AuClair also indicated that the deepest areas of Moosehead 
Lake (which has a maximum depth o f 246 feet) are seldom frequented by 
brook trout. Statewide gillnetting data indicate that brook trout usually 
occupy depths o f less than 50 feet; brook trout were absent in 90%  o f 
all gillnet samples taken at depths greater than 50 ft, although they have 
been sampled at depths up to 180 feet (Enchanted Pond, Somerset Co.).

Brook trout will often migrate from shallow to deep water in re
sponse to warming water temperature. Robert Lackey determined the 
depth distribution o f brook trout at Echo Lake, Mount Desert Island, by 
vertical and horizontal gillnetting in 1967 to 1968. He found that brook 
trout were concentrated in relatively shallow water from January through 
May; they moved to deeper water during the summer, and back to shal
low water in November and December.

To date, Maine’s brook trout management and research efforts have 
focused on smaller waters, and much work remains to understand brook 
trout in larger lakes. Roger AuClair, in his Moosehead Lake Fishery M an
agement Bulletin noted that, “in Maine, especially the northern half, we 
have many large, mostly oligotrophic lakes supporting popular fisher
ies for brook trout up to 23 inches long, with some weighing over six 
pounds. The biology o f trout in these large lakes has been largely ignored, 
or it is assumed to be similar to brook trout residing in streams and small 
shallow trout ponds.” Studies underway at Chamberlain and Big Eagle 
Lakes are at long last addressing these concerns.

Sea-Run Brook Trout

Anadromous (sea-run) brook trout are those that live in coastal drain
ages and spend part o f their lives in salt water. These populations occur 
in many of Maine’s smaller coastal drainages. Recreational anglers who 
know the location and timing o f the runs have been very successful at 
fishing this resource. A  detailed inventory of Maine’s anadromous brook 
trout populations has not been conducted. Lewis Flagg o f the Maine 
Department of Marine Resources provided a list of sea-run brook trout 
populations (Table 3.10, Figure 3.4).

In a review of anadromous brook trout in northeastern North Amer
ica, Ryther noted viable anadromous populations in Branch Brook (a 
tributary of the Merriland River in Kennebunk and Wells) and the Little 
Harbor Brook/Jordan Stream/Jordan Pond system in Acadia National 
Park. Ryther made several points about anadromous brook trout fisheries:
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Figure 3.4 Map of sea-run brook trout fisheries; not all streams listed in Table 
3.10 are labelled on this map.

Table 3.10 Maine's sea-run brook trout fisheries.

Water. Town (County)_____________________ Water, Town (Countyf
Branch B, Kennebunk (York)
Cousins R, Yarmouth (Cumberland)
Royal R, Yarmouth (Cumberland)
Abagedasset R, Bowdoinham (Sagadahoc)
Cathance R, Bowdoinham (Sagadahoc)
Eastern R, Dresden (Lincoln)
Montsweag B, Wiscasset (Lincoln)
Sheepscot R, Aina (Lincoln)
Dyer R, Newcastle (Lincoln)
Deer Meadow B, Newcastle (Lincoln)
Pemaquid R, Bristol (Lincoln)
Muscongus B, Bremen (Lincoln)
Slaigo B, Waldoboro (Lincoln)
Back R, Friendship (Knox)
Goose R, Friendship (Knox)
Meduncook R, Friendship (Knox)
St. George R, Warren (Knox)
Oyster R, Warren (Knox)
Mill R, Thomaston (Knox)
Maple Juice Cove tribs, Cushing (Knox)
Ducktrap R, Lincolnville (Waldo)

Passagassawaukeag R, Belfast (Waldo)
Wescot S, Belfast (Waldo)
Bagaduce River tribs, Brooksville (Hancock) 
Carleton S, Blue Hill (Hancock)
Mill S, Blue Hill (Hancock)
Peters B, Blue Hill (Hancock)
Most streams, Mt. Desert Island (Hancock)
Egypt S, Franklin (Hancock)
Mill B, Franklin (Hancock)
Flanders S, Sullivan (Hancock)
Morancy S, Sullivan (Hancock)
Whitten Parrit S, Steuben (Washington)
Tunk S, Steuben (Washington)
Trout B, Harrington (Washington)
W Br Pleasant R, Addison (Washington)
Chandler R, Jonesboro (Washington)
L Kennebec Bay tribs, Machiasport (Washington) 
Orange R, Whiting (Washington)
Hobart S, Edmunds (Washington)
Hamilton B, Lubec (Washington)
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Tidal creeks such as this one in Kennebunk can provide anglers with seasonal 
opportunities to catch sea-run brook trout. Ethan Nedeau

• The genus Salvelinus is the least anadromous of the salmonids. Brook 
trout frequently move downstream in the spring and return to fresh 
water in the summer; the marine or estuarine residence time is often 
no more than 60 days. They typically move into the marine habitat 
when they are sexually immature and lose their salt tolerance when 
they initiate sexual maturation. Once maturity is attained, they usu
ally spawn (in fresh water) annually for two or three years.

• Morphology [body shape] and color change when brook trout enter 
brackish or saline water, making them distinguishable from freshwa
ter fish when they return to a freshwater environment. These distin
guishing features disappear within a week or two of their return.

• Anadromous brook trout populations were once far more extensive 
than they are today. Their demise likely results from a combination 
o f overfishing, habitat degradation, genetic dilution, and predation. 
Anadromous populations are least abundant at the southern extent 
of their historic range (Long Island, New York) and most abundant 
in the north (Quebec and the Maritime provinces of Canada).

Not all brook trout in marine drainages are anadromous— only some 
will migrate. Wilder (1952) described the following categories of brook 
trout that migrate to sea: smolts (small trout that are migrating for the 
first time), kelts (larger trout that have previously spawned), and imma



ture large trout (sexually immature trout that have previously migrated). 
Brook trout may spend several months to over a year in estuaries before 
returning to freshwater to spawn.

A study initiated in 1956 by Chuck Ritzi o f the Department of In
land Fish and Game at Whites Brook and Indian River in Washington 
County provided the earliest information on Maine’s anadromous brook 
trout. Downstream migration occurred mainly from April through June. 
Upstream migration occurred from May to early August. Random move
ment occurred throughout the year. The most intensive migrations lasted 
30 to 60 days, though short-term migrations o f one to five days were 
common. Fresh-run trout had a silvery coloration that disappeared in 
freshwater after two weeks. The average lengdi was 6.5 inches, and none 
were longer than 10 inches. Growth in the marine environment was 
rapid, averaging 1.4 inches for a long-term (26 to 106 day) migration. 
Mortality in marine habitat was estimated at 40% .

III. ECOLOGY

Diet

In his 1918 study of the Rangeley lakes, Dr. William Kendall remarked 
on the wide range o f foods eaten by brook trout, “The [brook] trout 
seems to avail itself o f whatever animal life is available, and vegetable food 
is not always eschewed. A detailed list o f what trout have been known to 
eat would be more astonishing than valuable.” He summarized the brook 
trout diet as consisting of aquatic insects, and to a lesser degree, fish.

Dr. Gerald Cooper of the University of Maine conducted the first 
quantitative analysis of Maine brook trout diet in lakes in 1940 (Table 
3.11). Smelt, when present, accounted for 76%  of the stomach content 
volume. I f  smelt were not present, insects accounted for 79%  of the vol
ume. Maine biologists studied the contents o f 1,713 brook trout stom
achs collected from the Moosehead Region from 1967 to 2001. More 
than 75%  (1,293) of the stomachs contained food and the rest were emp
ty. Fish were present in 73%  of the stomachs with food and accounted for 
60%  o f the total volume. Insects were the second-most abundant food 
item, present in 50%  of the stomachs with food and accounting for 35%  
of the volume. Because fish and insects accounted for 95%  o f the food 
volume, the wide variety o f other food items (including cigarette butts) 
are said to be incidental and are probably eaten opportunistically. Almost 
all (94% ) o f the brook trout with smelt in their stomachs were at least 11 
inches long, indicating that only large brook trout eat smelt.

Squaretails: Biology and Management of Maine's Brook Trout
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In the Rangeley lakes, 
brook trout historically for
aged on blueback trout and at
tained exceptional size. Kend
all felt that the disappearance 
of blueback trout as forage 
was offset by the introduction 
of smelt. However, in smaller 
lakes and ponds— especially 
those where trout spawn along 
the shoreline— smelt prey on 
young brook trout. Biologists 
studied two wild brook trout 
ponds in Piscataquis County 
in the 1960s. One o f them, 
Johnston Pond, was a low-

Table 3.11 Brook trout stomach analyses 
from 15 western Maine lakes with and 
without smelt.

Stomach Content (%)

Prev Item
Smelt
Present

Smelt
Absent

Aquatic Insects 0.6 53.7
Terrestrial Insects 1.4 6.6
Water Fleas 0.1 19.1
Misc. Invertebrates 0.0 7.7
Smelt 75.7 0.0
Unidentified Fish 6.1 1.1
Brook Trout 0.0 0.2
Minnows and Sculpin 15.9 6.8
White Perch 0.0 0.6
Miscellaneous1 0.2 4.7

'Frogs, tadpoles, newts, snakes, bird

nutrient lake that contained literally thousands of stunted brook trout. 
Biologists introduced smelt in 1967 to see if  brook trout would feed on 
them and grow larger. Brook trout longer than ten inches did indeed feed 
on smelt, yet few trout ever reached that length before dying. By 1974, 
researchers concluded that smelt had not increased brook trout growth 
rates, and furthermore, the number of brook trout had been significantly 
reduced. Instead of brook trout feeding on smelt, the smelt had fed on 
brook trout. Brook trout spawned along the shoreline, and smelt gobbled 
up the newly hatched trout fry. In waters with fast-growing brook trout,

Small fish such as blacknose dace (top), sticklebacks (middle) and killifish (bot
tom) are among the fish that brook trout will eat. Illustrations by Ethan Nedeau
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Brook trout eat a variety of invertebrate prey, such as phantom midges (a), cad- 
disfly larvae (b), terrestrial ants (c), amphipods (d), isopods (e), stonefly larvae 
(f), mayfly larvae (g), and dragonfly larvae (h). illustrations by Ethan Nedeau

smelt can be an attractive food source, but in smaller trout ponds, they 
may do more harm than good.

Robert Lackey studied the abundance and utilization o f forage fishes 
by landlocked salmon and brook trout at Echo Lake on Mount Desert 
Island. Echo Lake is unusual for brook trout lakes in that it contains both 
smelt and landlocked alewives (introduced in 1966) in addition to sev
eral other fish species. Trout consumed sticklebacks during much o f the 
year, killifish only during the summer, smelt only intermittently, and ale- 
wives during the late winter. Lackey concluded that the large proportion 
of killifish and sticklebacks in the diet indicated that trout were primarily
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feeding in inshore areas and may have also been related to the low smelt 
abundance. Brook trout foraged heavily on isopods (crustaceans) dur
ing the winter and early spring. Biologists have transferred sticklebacks 
to several Maine lakes to provide forage, but the technique is no longer 
practiced because it seemed to have little effect on brook trout growth.

The diet of brook trout in streams has not been well studied in Maine, 
although limited sampling and studies conducted elsewhere indicate that 
they feed on a variety o f aquatic and terrestrial invertebrates, including 
groups such as midges, black flies, mayflies, caddisflies, and amphipods. 
The artificial flies that anglers use to entice brook trout attest to the di
versity o f foods that brook trout will eat. Stream brook trout are generally 
too small to be effective fish predators. They will feed opportunistically 
on a wide range o f food items. For example, biologist Ron Brokaw noted 
that an 11-inch brook trout collected near spawning suckers in Fifth Lake 
Stream (Hancock County) contained more than 50 sucker eggs.

Competition

Brook trout compete with other species (interspecific competition) and 
among themselves (intraspecific competition) for food and space. Because 
brook trout are not strong competitors, their abundance and growth rate 
typically decline when forced to compete. Competition becomes more 
complex as the number of species increases and when overall fish densi
ties are high. Because adult brook trout typically inhabit the shallow areas 
of lakes, they compete more directly with warmwater fish than do species 
that live in deeper water, such as salmon and lake trout. Brook trout are 
frequently displaced by warmwater species and by other salmonids.

Bley (1986) concluded that the presence of landlocked Atlantic salm
on had reduced the biomass o f brook trout in a northern Maine stream. 
However, Sayers (1990) concluded that salmon stocking did not reduce 
the growth rate o f brook trout in several other Maine streams. The incon
sistency o f these results suggests that competition may be stream-specific 
or may be influenced by factors not measured by the researchers.

There seem to be differences in the small-scale habitats preferred by 
these two species, suggesting that the species exploit different niches. At
lantic salmon fry are abundant in shallow riffles in the summer, but move 
to protected areas, such as overhanging banks and large rocks, when the 
water is cooler. Juvenile brook trout are more common in pools during 
the summer. Juveniles o f both species tend to shelter in rubble (rocks 
from 10 to 20 inches in diameter) at colder temperatures, salmon more 
so than brook trout. Brook trout utilize instream cover more frequently
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than salmon and cover use increased with age for both species. Land
locked salmon superimpose their redds over brook trout redds in the 
Rapid River and probably in other waters. Often, however, competition 
is minimized because salmon and brook trout segregate by water temper
ature when seeking preferred spawning habitat, with salmon moving into 
warmer-water streams and brook trout moving into cold-water streams.

Romig (1990) stated, “Because Atlantic salmon and brook trout 
have evolved in sympatry [together] in the Northeast, the species have 
probably developed mechanisms o f habitat segregation as a means of al
leviating competition. Both species appear to be flexible enough in their 
use o f habitats that they can utilize nearly all areas of a stream, rather than 
competing intensely for a few preferred spots.” He stressed, however, that 
the effects of stocked salmon on native trout populations might vary. Ef
forts are underway to restore Atlantic salmon to Maine waters, and biolo
gists anticipate that salmon will once again inhabit brook trout habitat 
from which they have been absent for many decades.

Competition will cause brook trout to change their diet. Magnan 
(1989), working on Quebec lakes, found that brook trout diet shifted 
from benthic invertebrates to zooplankton in the presence of suckers and 
creek chub, which mainly feed on benthic invertebrates. Because brook 
trout that eat larger prey tend to grow faster, it follows that their growth 
will decline when competition forces them to seek smaller and lower 
quality prey. Suckers tend to displace brook trout more than creek chub.

Competition among brook trout is important when population den
sities are high. This may happen naturally, such as where there is a high 
ratio of spawning and nursery habitat to adult habitat. This may also 
happen artificially, especially in heavily stocked waters. Brook trout com
pete with each other for food, space, and spawning and nursery area. 
High densities of brook trout often result in reduced growth rates caused 
by stress or a lack of food. Biologists have noted greater incidences of par
asites in high-density populations and often recommend liberal harvest 
regulations to reduce numbers and increase growth rates. Brook trout are 
territorial and tend to form territories at an early age. Formation o f ter
ritories is an important survival mechanism because it spreads the popu
lation over a larger area and results in a more efficient use o f the food 
supply and higher survival from predators and diseases.

Predation

Brook trout eggs are buried after fertilization and thus protected from 
predators, although some eggs are likely eaten by salmon, eels, min-
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Larger stream fish, such as fallfish or 'chub' (shown), compete with brook trout 
for food and territory. Brook trout fare best in streams where the density of 
C o m p e t in g  species is low. Illustration by Ethan Nedeau

nows, burbot, sculpins, and even other brook trout. Young brook trout 
in streams are vulnerable to a variety o f predators, including larger brook 
trout and other fish, birds (loons, kingfishers, ospreys, and mergansers), 
and mammals (mink, raccoons, and otter). Predation in streams increases 
during drought periods when movement is limited and brook trout are 
confined to smaller areas. Predation on brook trout is considered a natural 
part o f the food web and fisheries managers typically do not interfere.

Birds may prey heavily on brook trout. Working in Michigan, Alex
ander (1976) determined that common loons ate about 2.4 pounds of 
trout per day when feeding in waters where trout were abundant. A quick 
calculation suggests that a pair o f loons could eat 864 pounds of fish in a 
6-month period. A typical 20-acre Maine trout pond would be expected 
to contain only about 100 pounds o f brook trout, so the potential effect 
o f loons on trout populations can be significant. Predation on trout may 
be exaggerated in the Michigan study because the lakes were managed for 
trout and were chemically treated to remove other fish species. Loons and 
other fish-eating birds do not feed exclusively on trout and may actually 
prefer other species that are easier to capture. Great blue herons, belted 
kingfisher, American bittern, winter-feeding mergansers, otter, and mink 
are just a few other predators. Matkowski (1989) determined that rain
bow were more susceptible to bird predators than brook trout. Maine’s 
Ken Warner evaluated the diet o f chain pickerel from 18 Maine lakes. 
The most common prey were yellow perch, white perch, smelts, and a 
smaller number of other fishes; none contained salmonids.

Parasites

More than 130 parasites have been reported to infest brook trout in North 
America (Hoffman 1999). Maine is fortunate to have only a few of these
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Table 3.12 Parasites of Maine brook trout.

Phylum. Class, Species Patholoqy
Protozoa (single-celled animals) 

Myxozoa
M yxid ium  salvelini Cystitis, nephritis
kh th yo ph th iriu s multifiliis Epidermal ulceration
Crytophorida  
Chilodonella salvelinus Branchitis

Platyhelminthes (flatworms) 
Trematoda (flukes)

A p o p h a llu s brevis (black spot) Skin and muscle infestations
Clinostom um  com planatum  (yellow grub) Skin and muscle infestations
Gyrodactylidua  sp. Gills, fins (external)

Cestoda (tapeworms) 
P roteocephalus pinguis Intestine
Eubothrium  salvelini Pyloric caeca
D iphyllobothrium  dendriticum Viscera
Phylonem a agubernaculum Viscera

Annelida (segmented worms) 
Hirudinea (leeches)

Piscicola m ilneri Exsanguinations (loss of blood)
Nematoda (roundworms) 

H epaticola bakeri Visceral infestations
Arthropoda

Crustacea
Salm incola edw ardsii (fish louse) Branchitis, epidermal ulceration
A rg u lu s alosae Epidermal ulceration

Vertebrata (having backbones) 
Agnatha (fish without jaws) 

Petrom yzon  m arinus (lamprey) Ulceration, exsanguinations

parasites (Table 3.12), and infestations are generally low in most waters 
where parasites exist. Low infestations of most parasites do not cause sig
nificant morbidity or mortality in otherwise healthy brook trout. How
ever, heavy infestations under stressful conditions— such as overcrowding 
in hatcheries or in the wild— can cause unhealthy conditions or death. 
Most fish parasites cannot be transmitted to humans under any circum
stances and no brook trout parasite can be transmitted to humans if  the 
fish is properly cooked.

The three most common parasites o f Maine brook trout are skin and 
muscle infestations by black spot trematodes, gill lice, and intestinal tape
worms (see page 67). Biologists routinely check brook trout for common 
parasites. Black spot has been documented in 41%  o f the lakes sampled; 
copepods in 38%  of the lakes; roundworms in 25%  o f the lakes; and 
tapeworms in 63%  o f the lakes. The parasitic copepod commonly known



Chapter Three: Biology, Habitat, and Ecology

as gill lice appear as white masses on trout fins and gills. Previous research 
has shown that most o f these copepods concentrate on a few hosts, with 
most fish harboring few or no parasites (Poulin et al. 1991). Copepods 
generally attach to the gills, dorsal fin, or pectoral fins. Heavily infected 
fish often incur higher mortality rates and lower reproductive success 
than do lightly infected or uninfected fish (Anderson and May 1978). 
Large fish usually acquire more parasites. Active fish are less likely to ac
quire parasites than are sedentary fish. Prior infection increases the prob
ability that a fish will acquire additional copepods during a subsequent 
outbreak.

Whirling disease is a devastating infection caused by a parasite. One 
of the symptoms is circling or “whirling” of affected fish. This disease has 
affected wild trout populations throughout much of the country but has 
not yet been detected in Maine. Most o f Maine’s brook trout parasites 
have been documented only in the wild. Only M yxidium salvelin i and 
Chilodonella salvelinus have been identified in hatchery culture condi
tions. The trematode Gyrodactylidua (a parasitic segmented worm) has 
been documented in both wild and hatchery situations.

Because of a copepod epidemic in Pierce Pond (Somerset Co.) and 
its tributary ponds, a study was conducted from 1994 to 1999 to de
termine the cause, extent, and possible remedy. Gill lice were present 
in low numbers to both wild and hatchery-reared populations o f brook 
trout within the Pierce Pond area prior to the 1990s; only 5%  o f the 187 
brook trout sampled from the Pierce Pond complex over a 30-year period 
were reported to carry copepods. But their numbers reached epidemic 
proportions in the early 1990s, possibly in response to increased brook 
trout abundance resulting from high stocking densities, more restrictive 
harvest regulations, and a higher voluntary release by anglers. Wild brook 
trout from Pierce Pond carried an average o f 28 copepods. Larger and 
older (age IV+ and greater) fish carried the highest number o f parasites, 
with a higher proportion on the gills than smaller fish. Stocking o f  the 
ponds whose outlets drained into Pierce Pond was suspended to reduce 
brook trout densities and to break the life cycle o f the parasite. The co
pepod epidemic at Pierce Pond declined in the 1990s, coinciding with 
lower numbers o f brook trout in the lake system.

Fishery biologist Bob Rupp and Dr. Marvin Meyer investigated mor
tality o f brook trout resulting from leech parasitism at Quimby Pond, 
Franklin County, where trout concentrate at springs during periods of 
critically warm water temperatures. Once attacked, brook trout immedi
ately tried to dislodge the leeches by scraping against objects. Although 
they were frequently successful, they were attacked repeatedly, “presum
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ably...until the fish became exhausted and submitted. The congregated 
trout showed no inclination to leave the spring hole despite their con
tinual harassment.” The authors attributed the death of several fish to 
the leeches, noting an abundance of wounds and the presence of leeches 
attached to the gill arches, isthmus, and fin bases. One leech had rasped 
through the body wall and into the aorta. They observed that leeches 
preferred larger fish, though small trout were also attacked. Sportsmen 
had placed brush over the spring to reduce avian predation and poaching, 
unwittingly creating ideal habitat for the leeches. The brush was replaced 
with a woven-wire screen, but evaluation of its effectiveness in reducing 
the leech population was stymied by a return o f cooler water tempera
tures that allowed the trout to leave the spring.

Diseases

Bacterial, fungal, viral, and environmental diseases affect Maine brook 
trout to some extent (Table 3.13). Five bacterial brook trout diseases 
have been reported in Maine. O f these, all but Columnaris have been 
identified in hatchery culture conditions. Columnaris is rarely found in 
wild populations. Furunculosis is present in the wild and has occurred in 
hatcheries in the past. Two additional brook trout diseases— enteric red- 
mouth disease and bacterial coldwater disease— have not been identified 
in Maine (Plumb 1999).

Very little research has been done on fungal diseases o f Maine brook 
trout. Biologists have identified two opportunistic fungal infections in 
stressed adult hatchery fish after fall spawning, and hatcheries treat these 
infections by adding salt to the water. Hatcheries use formalin to treat 
fungal infections of incubating brook trout eggs. Anglers occasionally 
catch wild fish with a cotton-like ball o f slime attached to a fin or necrotic 
tissue. Although these fungal infections are unsightly, they are uncom
mon and are not contagious.

The viral diseases present in Maine’s brook trout have been identified 
in hatchery culture conditions. Infectious pancreatic necrosis (IPN) has 
also been identified in the wild. The IPN virus was found in the Dry Mill 
hatchery in the 1960s. Three additional viral diseases o f brook trout that 
have not been identified in Maine are infectious hematopoetic necrosis, 
infectious salmon anemia, and viral hemorrhagic syndrome.

Environmental conditions cause a variety of diseases. All but hook
ing mortality have been identified in hatcheries (and that only because 
of the vigilance of the staff; poachers opportunistically target hatcheries). 
Heavy metal poisoning has been identified in wild fish populations.

Squaretails: Biology and Management of Maine's Brook Trout
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Table 3.13 Diseases of Maine brook trout.

Disease _  _____________Patholoqen/Cause__________Pathology
Bacterial

Furunculosis1 
Columnaris/Bacterial Gill 
Disease
Bacterial Gill Disease 
Bacterial Gill Disease 
Bacterial Kidney Disease1

Fungal
Dermatomycosis

Egg mycosis 
Viral

Infectious Pancreatic
Necrosis
None

Environmental
Gas bubble disease 
Heavy metal poisoning

Blue sac 
Cannibalism 
Hooking mortality

A erom on as sa lm oncida  
Flavobacterium  colum nare

A erom on as hydrophilla  
Lactobacillus sp. 
Renibacterium  
salm oninarum

Saprolegnia sp.

Saprolegnia parasitica

Infectious Pancreatic 
Necrosis virus 
Toga virus

Gas supersaturation 
Acid rain and soft water; 
industrial pollution 
Poor water quality 
Territorial aggression 
Angling

Septicemia
Gill necrosis/septicemia

Branchitis
Branchitis
Granulomatous nephritis

Epidermal ulceration and 
necrosis
Chorion infection

Pancreatic failure 

None

Emboli in vasculature 
Gill and reproductive

Ascites 
Bite trauma 
Hemorrhage, stress, 
exhaustion

’MDIFW health regulations require that the detection of these diseases be reported to the Commissioner

To date, thorough necropsies (examination for diseases and para
sites) have been conducted on brook trout from only a few waters. Wild 
brook trout from Branch Brook, Cupsuptic Pond, Parmachenee Lake, 
and Round Pond were examined for pathogens, but all tested negative for 
those “of regulatory concern.” The primary intent o f these investigations, 
in addition to documenting the statewide abundance and distribution of 
fish diseases, is to test for the presence o f pathogens whose introduction 
to Maine would threaten native fisheries.
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Plate 1. The Rapid River

The Rapid River in autumn. Brook trout conserve energy in high flows by resting down
stream of rocks, where water velocities are much lower than in the main current.
Shelby Rousseau

A fly fisherman in the Rapid River, downstream of Lower Dam. The dam superstructure, 
a well-known landmark for western Maine anglers, was razed in 2005 due to safety 
concerns. Bill Pierce, mdifw



Color Plates

Plate 2. Sourdnahunk Stream

Sourdnahunk (or Nesowadnehunk) Stream is a brook trout stream that originates in Little 
Sourdnahunk Lake (a prime brook trout fishery), drains the western portion of Baxter 
State Park, and flows into the West Branch Penobscot River. Ethan Nedeau



Plate 3. Brook Trout Illustration
Ethan Nedeau
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Color Plates

Plate 4. Brook Trout Images

A Rapid River brook trout getting ready to spawn. Bill Hanson, fple Hydro

Underwater photograph of a brook trout. Bill Curtsinger Photo.
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Plate 5. Other Maine Salmonids

© Joseph Tomelleri

Brown Trout (Salm o trutta) Introduced to Maine

Lake Trout (Salvelinus nam aycush)

Rainbow Trout {O ncorhynchus m ykiss) Introduced to Maine

© Joseph Tometleri

Landlocked Atlantic Salmon (Salm o salar)
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Color Plates

Plate 6. Common Parasites and Diseases

Philonema cysts on a brook trout stomach, m difw  photo by Dr. Russell Danner

Brook trout with tail rot. MDIFW photo by Dr. Russell Danner

Hookworm with proboscis partially ex- Adult gill lice attached to a gill.
tended. MDIFW photo by Dr. Russell Danner MDIFW photo by Dr. Russell Danner
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Plate 7. Tumbledown Pond

Tumbledown Pond, a nine-acre pond atop Tumbledown Mountain in Township 6 North 
of Weld (elevation 2872 ft), is one of Maine's many high-elevation remote ponds that 
Support brook trout. Ethan Nedeau



CHAPTER FOUR

Threats to Maine’s’Brook Trout

“Why don tyoufellas use that electrolysis 

to get rid o f  them bass in the Rapid River?”

-C o n cern ed  angler presumably 
suggesting the use o f  electrofishing to 
remove invasive bass threatening a wild 
brook trout population.

Brook trout abundance began to decline soon after Europeans settled 
Maine, primarily because of habitat degradation resulting from land 
clearing and dam construction. Currently, the gravest threats to Maine’s 
brook trout populations are the introduction of competing fish species 
and the long-term effects of global climate change. Maine still has the 
greatest reserve o f brook trout in the Northeast. Preserving this resource 
will require minimizing additional loss o f habitat, restoring degraded 
habitat, protecting water quality, preventing the introduction and spread 
of competing fish species, and protecting wild populations from over
harvest.

Habitat Degradation

Habitat degradation began with the earliest European settlers. Early 
Maine settlement occurred along the coast and gradually spread inland 
along the major river corridors. Early settlement involved the clearing o f 
forests for agricultural purposes. Fires and widespread erosion accompa
nied land clearing, which was most extensive from 1780 to 1810. Forest 
fires were more frequent and severe in cutover areas than in standing 
forests. A  fire in 1803 extended for some 60 miles from the Penobscot



River to just south of current-day Baxter State Park. Logging exacerbated 
the disastrous 1825 Great Fire that began in the Piscataquis Valley near 
Moosehead Lake and burned all the way to the Penobscot River, destroy
ing an estimated 829,000 acres (Carpenter 1998).

W ith less vegetation to hold back water, floods became more com
mon in logged watersheds. Streams were choked with silt and ashes and 
warmed by sunlight. Forest clearing, wetland drainage, and cultivation 
of the land reduced summer stream flow. Forests and wedands act as 
sponges, retaining rainfall and releasing it gradually. Agricultural land, 
in contrast, allows greater runoff during floods, and releases less water 
during low flow periods.

Maine environmental historian David C. Smith noted that “as trees 
were cut and land opened for cultivation, stream flow in the area was af
fected almost immediately, and as a result, about twenty years after settle
ment, farm diarists often complained o f freshets and flooding in both 
fall and spring.” This problem apparently was not limited to the coastal 
plain, but occurred wherever land was settled. The town of Industry is 
located in the hills north of Farmington in western Maine. According to 
historian William Hatch, “As the town became more thickly settled, large 
tracts o f forest were cut away, admitting the sun’s rays and causing much 
of the surface-water to pass off by evaporation.” Although there was no 
inventory o f brook trout in these areas, it is likely that aquatic habitat was 
degraded, resulting in reductions in their distribution and abundance.

Settlement was sparse in the mountainous portions o f Maine because 
this land was usually unsuitable for agriculture, but habitat degradation 
was prevalent because of timber harvesting. The volume of timber har
vested before the advent of mechanization was light, largely confined to 
winter when the ground was frozen, and therefore had fewer effects on 
fisheries habitat. However, the use of rivers to transport timber to mills 
severely affected these ecosystems.

Flooding may degrade stream habitat. Under normal conditions, 
flooding is a natural and desirable process. Flooding recharges floodplain 
forests and wetlands, enhances the exchange o f nutrients between a river 
and its floodplain, shifts and rearranges instream habitat, removes ob
structions that accumulate during low flows, and may even serve as mi
gratory cues for trout and salmon. A healthy intact floodplain will mod
erate the damaging effects of floods by dispersing energy and by storing 
and slowly releasing floodwaters.

However, land use— such as agriculture, forestry, or urban develop
ment— may alter natural flow regimes or the ability of a floodplain to 
temper a floods effects. Some land use changes cause flow volumes great
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ly in excess of what a stream can carry, leading to destabilized streams 
and alterations in natural width, depth, sinuosity (“crookedness”), and 
capacity for sediment transport. The forestry practice known as clear-cut- 
ting, which removes virtually all timber from an area, greatly exacerbates 
flooding. Spring runoff peaks from snow melt may increase twofold to 
threefold following clear cutting, and these changes may last up to 15 
years following forest cutting.

Floods may eliminate entire brook trout year classes through de
struction o f eggs and fry. Oftentimes, floods will fill pools and blanket 
riffle areas with sediment, depressing invertebrate populations, reducing 
the carrying capacity o f the stream, and reducing brook trout abundance. 
The presence o f shifting gravel bars on some Maine streams raises the 
possibility that brook trout eggs die because o f entombment or exposure 
during floods that move large amounts o f sediment. Following a severe 
flood in a Minnesota stream, it took a brook trout population four to five 
years to recover, in terms o f standing crop, growth, and production rates 
(Hanson and Waters 1974). The flooding, which occurred during the 
late winter and early spring, inflicted heavy mortality upon the eggs and 
fry, nearly eliminating the year class. Although there was no initial mor
tality of yearling and older fish, they suffered delayed mortality because 
of habitat loss. Hoopes (1975) documented similar results o f flooding 
for a Pennsylvania stream, where it destroyed nearly all young-of-the- 
year brook trout. Older fish were also affected, but less dramatically than 
young-of-the-year fish.

These studies are relevant to Maine because many o f our rivers are 
‘flashy’ (have extreme high and low flows) and are destabilized, which is 
evident by the degree o f erosion, sediment transport, and channel altera
tion that occurs during floods. Brook trout abundance is likely reduced 
in these environments. However, evidence suggests that brook trout will 
recover from such disturbances within a few years if  habitat is restored, 
resulting in immigration and reproduction.

Sedimentation is detrimental to aquatic life, especially when it is 
abundant or chronic. Sedimentation is often caused by forestry opera
tions, agriculture, and urban development. The effects o f sedimentation 
depend on the amount o f material that settles to the bottom, which in 
turn depends on the carrying capacity o f the river and the amount of 
sediment added. Although prolonged exposure is harmful, adult fishes 
can briefly withstand high concentrations of suspended sediments. How
ever, sedimentation can result in reduced egg and alevin survival and loss 
of shelter (Cordone and Kelley 1961). Settled sediments can reduce the 
permeability of streambed sediments, which affects oxygen exchange and
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Streams were bulldozed to "improve" them for log and pulp driving, but 
aquatic habitat was destroyed in the process. Shown here is the South Branch 
of the Dead River in 1955. MDirw Photo

water circulation, and ultimately invertebrate communities and early life 
stages of fish. Invertebrate communities normally associated with trout 
streams are often replaced with pollution-tolerant organisms such as 
tube-building midges and worms in streams that suffer from sedimenta
tion, thereby reducing the size and quality of brook trout prey.

Taylor (1989) evaluated the effect o f controlled sediment additions 
on macroinvertebrates and water quality on four streams in Hancock 
County, Maine. Experiments caused an increase in suspended solids and 
turbidity. About 92%  of the added soil settled to the streambed within 33 
feet. Sedimentation resulted in increased drift o f larval insects, a symp
tom of stress. Setded sediment, rather than turbidity or suspended solids, 
had the greatest negative effect on invertebrate communities.

Mechanization o f forestry harvesting occurred before there were ef
fective environmental regulations, and degradation o f stream habitat was 
rapid in some areas. “Channelizing” is a process whereby bulldozers were 
used to straighten streams and remove obstacles in the way o f log and 
pulpwood driving. Bulldozing o f streams to facilitate pulp-cutting opera
tions became widespread after World War II. This process was, o f course, 
tremendously destructive to both stream stability and fisheries habitat.

In the Aroostook River drainage, bulldozing began around 1950
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“when virtually the entire lengths o f two brooks in the Mooseleuk wa
tershed were bulldozed” (Warner 1956). Ken Warner noted that stream 
bulldozing resulted in increased water temperature, loss of pools and 
cover, loss of aquatic insect populations, loss o f spawning habitat, and 
increased runoff. On the South Branch o f the Dead River, a continu
ous reach 1,569 feet in length was “modified” to facilitate pulp driving. 
Fisheries biologist Carll Fenderson, who investigated the bulldozing, re
marked that “the old river banks have been obliterated and all shade and 
hiding places for fish removed.. .The South Branch o f the Dead River has 
produced excellent brook trout fishing this year. The recent bulldozing 
has completely destroyed one o f the best fishing and most productive 
sections o f the river.” One o f Dave Lockes first tasks while working in 
the Moosehead Region with Roger AuClair in 1956 was to document the 
extensive bulldozing done to facilitate log driving on Misery Stream. This 
stream was an important brook trout spawning and nursery tributary of 
Brassua Lake. The measurements and photographs were to be used as 
evidence in court action against the Great Northern Paper Company.

Dams

Dams, both functioning and deteriorating, are common on Maine’s riv
ers and streams. The Maine Office o f Energy Resources compiled a state
wide list o f 1,576 existing and former dams in Maine. O f these, 679 
were licensed by the DEP to regulate water levels and 104 were licensed 
by the Federal Energy Regulatory Commission (FERC) as storage and 
power-generating dams. An additional 31 dams generate power but are 
exempt from FERC licensing. Far more dams exist in Maine than were 
listed by the Maine Office of Energy Resources because most small dams 
were not counted; the number o f dams statewide might be two to three 
times that reported.

Some o f the earliest dams were built to augment the transport o f logs 
to sawmills. The state encouraged the building of sawmills by granting 
land to those who would erect them (Verry and D olloff2000). Near pop
ulated areas, dams were more likely to be built as power sources for saw
mills and gristmills. By 1820, there were 746  sawmills in Maine. Twenty 
years later, that number had risen to 1,381. In addition, 137 log-driving 
dams were constructed on the West Branch o f the Penobscot River drain
age alone between 1840 and 1935.

Log driving dams created ponds where timber was stored until water 
volume was sufficient for a release; stored wood was then sent cascad
ing downstream. Streams were frequently straightened and cleared of
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The Spencer Stream logging dam, a log crib structure, was 180 feet long and 
had a crest of 10 feet. It was typical of log driving dams in Maine, m d i f w  p h o to .

obstacles to facilitate log movement. The logging industry sought autho
rization from the Maine legislature to build the desired “improvement” 
for log passage and to receive compensation for the work— usually in 
the form o f a toll on the logs that passed (Wood 1935). For example, 
the Dead River Company was chartered in 1835 to “clear Dead River 
of obstructions... and may for that purpose break jambs [sic], blast and 
split rocks, remove logs, gravel-beds...and may erect, build and keep in 
repair guide booms and side dams...” The Kennebec Log Driving com
pany began log driving in 1835, when it provided wood to 63 sawmills, 
and continued driving for the next 141 years until 1976, the year of the 
last log drive in Maine.

Log driving dams frequently blocked fish passage while they were 
in service and long afterward until they deteriorated. On small brooks 
and pond outlets, driving dams were constructed o f log cribwork with 
one or more gates in the center for the release o f water as needed. These 
small dams were built “on nearly every drivable stream” (Smith 1972). 
Beyond leakage, it is unlikely that much thought was given to provid
ing flow below these dams while water was being “caught” and held, so 
dewatering was often a problem downstream. In addition to ensuring an 
adequate flow o f water for log drives, dams also ameliorated the extremes 
in flow that resulted, ironically, from forest cutting within the drainage
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Table 4.1 Results of a 1950 man-made 
obstruction survey in Aroostook, Frank
lin, Penobscot, and Piscataquis coun
ties.

(Carpenter 1998). The move
ment of logs destroyed fisheries 
habitat by creating less diverse 
channels, filling in pools, and 
creating wide, shallow stream- 
beds. Waste slabs and sawdust 
from sawmills were discarded 
into the waterways and accu
mulated on bars, which nar
rowed the channels, smothered 
spawning areas, and killed fish 
(Coolidge 1963).

A survey o f man-made 
obstructions and logging prac
tices in northern Maine (Table 
4.1) indicated that log-driving 
dams were generally located on 
small brooks and streams, most 
of which probably contained 
brook trout populations (Bond 
and DeRoche 1950). O f the 167 
dams surveyed, 70%  blocked 
upstream fish passage and 35%  
blocked both upstream and 
downstream passage. However,
56% were inoperable at that 
time and virtually all log-driv
ing dams have continued to de
teriorate during the latter half 
of the twentieth century. The
authors cited the following difficulties that these barriers presented to 
fish migration:

• Leaking dams or sluiceways allowed the entire flow to filter through 
the timbers, thus preventing both upstream and downstream migra
tion.

• The drop from the sluice bed to the tail water was too great to allow 
fish to jump upstream.

• Sluice gates became clogged with debris, restricting upstream and 
downstream movement.

• When abandoned dams decayed, they fell into the streams and 
blocked fish movement.

Construction and Use Number
Log crib

Logging 131
Water storage 10
Sawmill 2
Unknown 2
Power 1
Water diversion 1

Log crib and concrete
Sawmill 1
Water storage 2

Log crib and hardware cloth
Fish screen 2

Log crib and steel bars
Logging and fish screen 1

Under construction
Fish screen 1

Timber and steel
Fish screen 1

Logs and wood slats
Fish screen 1

Concrete
Water storage 9
Logging 2
Logging and water storage 2
Power 1
Unknown 1
Sawmill 1
Water diversion 1

Concrete and steel
Logging and water storage 1
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Fishery biologists Lyn Bond and Stu DeRoche also documented the pres
ence of several fish screens installed by private interests. These screens, 
frequendy made of hardware cloth, were typically installed on the outlet 
o f a pond to prevent the fish from “escaping.” Although they made no 
recommendations at the time, subsequent Fishery Division policy has 
recommended their removal in most cases because they block fish migra
tion, particularly to spawning and nursery area.

General Pollution

Pollution was common and often unregulated in Maine’s waterways from 
early settlement until implementation of the Clean Water Act in 1972. 
The Clean Water Act’s goals were to eliminate the discharge o f pollutants 
into the nation’s waters and to achieve water quality conditions that are 
fishable and swimmable.

A survey published before 1955 by the New England-New York In
ter-Agency Committee on pollution in the Penobscot River basin listed 
66 sources of pollution, including 51 sources o f domestic sewage and 15 
major industrial effluent sources (Cutting 1959). O f the domestic waste 
sources, which included effluents from small industries, only one had sat
isfactory treatment. Untreated— or poorly treated— domestic wastes were 
discharged from a population o f about 77,000 people. Industrial pollu
tion came from sawmills, woolen mills, slaughterhouses, shoe factories, 
shoddy mills, tanneries, a meat packing plant, bottling plants, dairies, 
and pulp and paper mills. O f the industrial effluents, there was treatment 
at only two tanneries where some settleable solids were removed. About 
95%  of the industrial pollution came from the pulp and paper industry. 
Pollution was concentrated in the Penobscot River and its major tribu
taries. Sawdust pollution was common with the construction o f sawmills 
during the nineteenth century and was still occurring on the Penobscot 
River and on several tributaries at the time of Cutting’s report.

The extent of pollution reported by Cutting was typical o f Maine’s 
large river systems where the mainstems and major tributaries bore the 
brunt of the pollution. Brook trout may have been less affected by pol
lution than other fish because they inhabited smaller, less polluted rivers. 
Brook trout may have occupied mainstem reaches of Maine’s larger rivers 
before European settlement but likely retreated to smaller rivers because 
of dam construction, warming resulting from land clearing, and intro
duced species. Even after much o f the cultural pollution was removed 
from some of Maine’s large rivers in the late twentieth century, these riv
ers were often only seasonally suitable for brook trout.

" >»s,
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Swimming in Polluted Water

Biologist Ray DeSandre talked of the horrific pollution in the Andro
scoggin River in the early 1960s in the form of nameless slime and a 
powerful stench. While conducting a river survey by canoe, he and his 
fellow biologists lived in constant fear of capsizing. Ray said, "One time 
when we were ending our survey section at a bridge over Route 2, a 
woman who had stopped her vehicle there innocently yelled down to 
us, 'Catch anything?' 'God, I hope not!' was my reply." Thanks to the 
Clean Water Act and to additional voluntary measures by industries 
and communities that use the river, the Androscoggin is once again 
clean enough to support trophy fisheries and an ever-increasing num
ber of recreational boaters.

In the 1970s, researchers became aware o f an insidious form o f pol
lution. Fish samples collected in conjunction with the proposed Dickey- 
Lincoln School dam on the Allagash River contained unexpectedly high 
levels o f mercury, traced to atmospheric deposition (Houtman 1998). 
Subsequent statewide sampling showed that mercury concentrations in 
brook trout averaged 0.26 ppm. This level is less than that for other fish 
species, presumably because o f the brook trout’s relatively short life span 
and varied diet, but it still exceeds the EPA’s action level (the level o f  risk 
that might warrant a consumption advisory) o f 0.18 ppm.

Spring yearling brook trout were tested at two M D IFW  hatcheries 
in 1996 in response to public inquiries about mercury concentrations 
in hatchery-reared fish. Tests indicated that the fish contained mercury 
concentrations of 0.02 and 0.03 ppm at the Dry Mills and Enfield hatch
eries respectively; fall yearlings tested at Dry Mills contained mercury 
concentrations of 0.03 ppm.

An extensive examination o f mercury levels in Maine fish was con
ducted by Stafford (1997). Fish were sampled from 120 randomly se
lected lakes. Large, long-lived warmwater fish species— such as chain 
pickerel and largemouth bass— had the highest mercury concentration 
in their tissue. Brook trout and yellow perch had the lowest tissue con
centrations. Wild brook trout, which tended to be older fish, had higher 
levels o f mercury than did stocked trout.

The earliest fish consumption advisory included in the Maine fish
ing regulation booklet was in 1990. This advisory, which was for dioxin,
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A mercury contamination advisory was issued in 1994 and has been in
cluded in the Maine fishing regulation booklet since 1996. This advisory 
was for all lakes and ponds statewide, and recommended an annual 
limit of fish meals varying from 0 to 22. The actual number of recom
mended meals varied with vulnerability of the individual (based on age 
and pregnancy) and the age of the fish eaten. All lacustrine (lake-dwell
ing) brook trout are included in this advisory. A survey conducted in 
1994 revealed that 76% of resident and 33% of nonresident anglers 
were aware of the advisory (MacDonald et al. 1996). Twenty-three 
percent of anglers did not eat all of the fish (all species) they caught 
in 1994 because of concern for mercury contamination. The mercury 
advisory does not appear to have deterred anglers from fishing, as 
only 11 %  of those who knew of the advisory claimed they would have 
fished more days in the absence of the advisory. An updated advisory 
by the Bureau of Health, Department of Human Services, was posted 
in 2000. This advisory suggested a limit of one meal per week of brook 
trout and landlocked salmon except one meal per month for pregnant 
and nursing women, women who may be pregnant, and children un
der the age of eight.

included the main stems of the Androscoggin, Kennebec, Penobscot, 
and Presumpscot River. Additional fish consumption advisories were also 
posted on individual Maine waters that had high levels o f polychlori
nated biphenyls (PCBs), dioxins, or the insecticide DDT. As o f 2006, 
the presence of mercury in freshwater fish prompted a statewide warn
ing (see textbox). Additional consumption limits were imposed on 12 
streams and rivers (some with tributaries) and two ponds statewide. Ad
visories ranged from recommended limits ranging from no meals to 24 
meals per year. Many of these waters were mainstem rivers that provided 
only seasonal brook trout habitat.

Non-native Fish

Competition for food, breeding sites, and living space is intense in aquat
ic environments, and when new species become established, the abun
dance o f existing species may be reduced. Brook trout compete poorly 
against warmwater fish species. The introduction o f exotic fish to Maine 
began long before fisheries inventories had been conducted, so in many
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Table 4.2 Non-native freshwater fish species in Maine.

Family and Species Origin
Herring: Clupeidae

Landlocked alewife (A losa  pseudoharengus) North America
Trout and Salmon: Salmonidae

Brown trout (Salm o trutta) Europe
Rainbow trout (O ncorhynchus mykiss) North America

Pike: Esocidae
Muskellunge (Esox  m asquinongy) North America
Northern pike (Esox ludus) North America

Minnows: Cyprinidae
Common carp (Cyprinus carpio) Europe
Emerald shiner (N otrop is atherinoides) North America
Goldfish (Carassius auratus) Europe
Ide (Leu dscu s idus) Europe
Rudd (Scardinius erythrophthalm us) Europe
Silvery minnow (H ybognathus nuchalis) North America
Spottail shiner (N otrop is hudson ius) North America

Sunfish and Bass: Centrarchidae
Black crappie (Pom oxis n igrom aculatus) North America
Bluegill (Lepom is m acrochirus) North America
Largemouth bass (M icro p te ru s salm oides) North America
Smallmouth bass (M icrop teru s dolom ieu) North America

cases the effects o f  these introductions is not known. Once species are 
introduced, little can be done to eliminate them.

Brown trout and rainbow trout were both introduced to Maine and 
may strongly affect the distribution o f native brook trout. A Minnesota 
study (Sorensen et al. 1995) documented overlapping of spawning habi
tat by brook trout and brown trout. There was strong evidence o f redd 
superimposition by brown trout that spawn later in the fall; in other 
words, brown trout would create redds in places where brook trout had 
already spawned, thus destroying the brook trout eggs. Redd superim
position may have severe effects on brook trout, and competition for 
spawning habitat is partially responsible for the displacement o f brook 
trout by brown trout in parts of North America.

In the southern Appalachians, rainbow trout populations have en
croached on native brook trout populations, which may ultimately be 
reduced to a few remnant populations in headwater refuges. Non-native 
rainbow trout reproduce in portions of the Androscoggin, Kennebec, 
and Aroostook River drainages. Biologists have not studied the effects of 
competition between brook trout and rainbow trout in Maine. Competi
tion of brook trout and rainbow trout at different flow rates was studied 
in Newfoundland (Cunjak and Green 1984). In slow flows (averaging
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Bass in the Rapid River

The term "premiere brook trout fishery" and "Rapid River" go togeth
er. The Rapid River, located in western Maine near the New Hampshire 
border, drains the Rangeley Lakes in the headwaters of the Androscog
gin watershed. Historically, the Rapid River was a world-renowned 
brook trout fishery, though it declined during the latter part of the 
twentieth century. Once it became a catch-and-release fishery in 1996 
(as one of Commissioner Bucky Owen's Fishery Initiative waters), the 
fishery rebounded and within five years it was touted in fishing maga
zines as one of the best brook trout rivers in the country, with anglers 
routinely catching brook trout weighing several pounds.

Just as things were getting better, they got far worse. Smallmouth 
bass, illegally introduced downstream into Umbagog Lake in the 1980s, 
worked their way into the Rapid River. These aggressive swimmers mi
grated into Pond in the River and to Middle Dam by the late 1990s. 
Biologists from MDIFW, assisted by biologists from Florida Power and 
Light, sampled the river in 2003-06 and found that bass were preying 
on brook trout fry that lived in the shallows along the river's edge. Al
though eradication of the bass would be the ideal solution to the prob
lem, it is in fact impossible to eliminate them from such a widespread 
area, especially since the habitat is ideal for bass. Currently, biologists 
are investigating ways to 
minimize the effects of the 
bass on brook trout, includ
ing imposing regulations 
that protect brook trout and 
encourage the removal of 
bass. We will continue to 
monitor the effects of the 
bass introduction and will 
look for additional opportu
nities to save the Rapid River 
trout. The angling commu
nity has taken an active in
terest in helping to save this 
fishery.

An illegally introduced smallmouth bass 
from the Rapid River preys on a brook
trout fry. MDIFW photo by Dr. Russell Danner.

0.10 ft/sec), brook trout usually dominated rainbow trout. In fast flows 
(averaging 1.18 ft/sec), neither species had an advantage. The dominance 
o f brook trout in slow flows was attributed to the species’ preference for 
quiet-water habitats within stream environments. Rainbows spawn in the
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The smallmouth bass is one of the most damaging species introduced to 
Maine’s waters in terms of its impact on native brook trout, illustration by Ethan Nedeau

spring so there is no competition for spawning habitat, though the po
tential for competition at other life stages remains.

Warmwater fish species are usually very fecund, producing great 
numbers o f offspring in a short period. Many are aggressive and can out- 
compete brook trout for space and food. In general, the original distribu
tion of many warmwater fish species in Maine was limited to the coastal 
drainages (Walker 1983). Inland lakes and ponds were dominated by 
salmonid species, especially brook trout. Perch and chain pickerel were 
spread to inland waters as food source for new settlements. Chain pick
erel were introduced into new waters as a food source in conjunction 
with the establishment o f logging camps. Beginning in the late 1800s, 
smallmouth and largemouth bass were imported to Maine, where their 
range is still expanding. Five additional fish species were introduced to 
Maine between 1977 and 1983 (Table 4.2).

Private individuals and organizations introduced smallmouth bass to 
coastal watersheds
in the late 1800s 
and early 1900s. 
The Fisheries Di
vision introduced 
bass to a smaller 
number of waters 
only after it was de
termined that they 
would not affect 
native fish species. 
In the past 15 years, 
however, sanctioned

Table 4.3 Illegal introductions of smallmouth bass 
into Maine's rivers, 1990-2000.

Drainaqe Water Miles
Kennebec Kennebec River, Moosehead Lake 

downstream to Wyman Lake
18

Dead River, confluence of 
Kennebec River upstream to 
Grand Falls

14

Spencer Stream, confluence of 
Dead River to Spencer Gut

7

Moxie Stream, Moxie Lake to 
Kennebec River

5

Androscoggin Rapid River, mouth at Umbagog 
Lake to Middle Dam

3.5

Magalloway River, mouth at 
Umbauoa Lake to Aziscohos Dam

18



introductions have declined while smallmouth bass have been illegally 
introduced to many Maine river drainages (Table 4.3). Because bass are 
aggressive swimmers, they are expected to spread within these drainages. 
Some of these introductions are relatively recent, and the long-term effect 
on brook trout populations is not known. It is anticipated that small
mouth bass will largely displace brook trout where their ranges overlap.

Individuals introduce fish species to new waters for a number of 
reasons. Species like smallmouth bass and northern pike produce fast, 
exciting fishing, but frequently at a tremendous cost to native trout and 
salmon. Once introduced to a water body, fish migrate downstream at 
will and upstream until they reach an impassable barrier. This fact has 
been used by the Fisheries Division to restrict their movement after il
legal introductions were made. Under certain conditions, a barrier dam 
can be built to create an impassable barrier to unwanted species. Barrier 
dams are used infrequendy because an ideal site is required for these dams 
to be effective, and because they require periodic replacement. However, 
their construction has been successful in blocking fish migration in some 
instances. Fisheries biologists have also responded to the threat of inva
sive fish by educating anglers about the harmful effects of illegal intro
ductions, offering rewards for the conviction of violators, and imposing 
greater penalties for those convicted o f illegally stocking fish. Legislation 
passed in 2003 made it a criminal violation to possess live fish for stock
ing, breeding and advertising purposes without a permit, or to introduce 
fish into inland waters without a permit.

Climate Change

Climate change is a grave threat to Maine brook trout fisheries. Global 
climate models predict a 2.5-10.4°F warming o f global average air tem
peratures by 2100 (IPCC 2001). New England climate models predict 
similar increases (NERA 2001). Winter and early spring temperatures 
are expected to warm the most; already in the last century, wintertime 
temperatures rose an average of 1.5°F in New England and the rate of 
warming appears to be accelerating.

In streams, the distribution and abundance of brook trout will de
cline as water temperatures increase, especially in waters whose tem
peratures already approach the brook trout’s upper thermal preference. 
Studying streams in Japan, Nakano et al. (1996) predicted a 28% , 67% , 
80% , and 90%  range reduction o f Dolly Varden trout (closely related to 
our brook trout) for a 1.8, 3.6, 5.4, and 7.2°F increase in mean stream 
temperatures, respectively. Many streams in southern and central Maine

Squaretails: Biology and Management of Maine's Brook Trout
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are likely to lose brook trout populations, especially those streams already 
affected by poor land-use practices, hydrologic alteration, and urbaniza
tion. Coldwater refuges will become more important, but brook trout 
crowded into these areas will suffer from physiological and competitive 
stress, and be more vulnerable to diseases and predation.

Lake and pond brook trout fisheries will also be affected. Ice-out 
dates in New England have become significantly earlier throughout New 
England (Hodgkins et al. 2002), and coupled with later freeze dates in 
the fall, average ice duration has declined by over a month in some areas 
in New England. Warmer lake temperatures will mean that lakes will 
stratify sooner and stay stratified longer, extending the length o f time 
that bottom waters remain unmixed, leading to low oxygen conditions 
and “summerkill.” In the summer, brook trout will be squeezed between 
cold deep water that is low in oxygen, and oxygenated surface water that 
is too warm. The thermocline will set up deeper, reducing the extent 
of the coldwater refuge. Many small and medium depth lakes will not 
stratify at all, and continue to warm throughout the summer (Stefan et al. 
2001), making them unsuitable for brook trout. Winterkill is expected to 
decline in many lakes because of shorter ice duration.

Stefan et al. (2001) predicted that throughout North America, there 
would be a 45%  loss o f coldwater habitats and a large increase in warm- 
water habitats. They also predicted that the “good growth period” of 
warmwater fish (essentially the same as the growing season for our gar
dens) would increase by over three weeks. Maine does have many waters 
that are currently too cold for brook trout to be productive; the conserva
tion value o f these waters will increase in coming years as brook trout are 
lost in warmer waters. Identifying and protecting coldwater habitats is an 
important pro-active step in conserving Maine’s native brook trout.

The ability of brook trout to compete against other fishes will di
minish as water temperatures exceed their thermal maximum. This is 
especially true if  competing, warm-adapted species, such as brown trout, 
chub, perch, or smallmouth bass are present. Many studies have shown 
that temperature strongly regulates the competitive interaction between 
species with different thermal tolerances (see textbox). To compound 
this problem, many of the brook trouts fiercest competitors are invasive 
species that are either non-native (e.g., smallmouth bass, northern pike, 
muskellunge, brown trout, and rainbow trout) or species that were wide
ly introduced outside their native range in Maine (e.g., chain pickerel, 
white perch, and yellow perch). All o f these species have higher tempera
ture tolerances than brook trout and are expected to increase their range 
in Maine.
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Temperature the Mediator

Taniguchi et al. (1998) investigated the effects of water temperature 
on the ability of brook trout to compete with brown trout (a coolwater 
species) and creek chub (a warmwater species) in the western United 
States. Below 68°F, brook trout and brown trout were equal competi
tors and each out-competed creek chub. Creek chub became more 
competitive against brook trout at 72°F, and against brown trout at 
75°F. Creek chub entirely outcompeted brook trout and brown trout 
at 75°F and 79°F, respectively. The authors concluded that there was a 
transition from trout to non-trout fisheries at 72-77°F. The results of this 
study have meaning for Maine fisheries because creek chub are present 
statewide and brown trout are present in portions of the Presumpscot, 
Androscoggin, Kennebec, and St. John River drainages. While colder 
water temperatures in the headwaters may ensure that brook trout 
have a competitive advantage over warm water species, brook trout 
in "marginal" waters may be at risk as water temperatures warm. This 
study has important implications for the effects of climate change on 
Maine's fish assemblages in general, especially if stream temperatures 
become warmer and brook trout lose their competitive advantage over 
warmwater fishes.

Water quantity may become a problem in Maine if  there are ex
tended drought periods, though most climate models predict an increase 
in precipitation. Drought has been a periodic problem in recent years, 
however, causing lower lake levels and stream Hows. Water demand— for 
consumption, energy, agriculture, industry, and wastewater treatment—  
is expected to increase as the human population increases. I f  there are 
droughts and water deficits, the ability to manage for fisheries may have 
to be compromised because o f competing uses. Lower lake and stream 
levels can affect brook trout spawning. For example, water is released 
from First Roach Pond each fall to increase flows in the Roach River to 
draw spawning brook trout and salmon from Moosehead Lake into the 
river. These managed flows might be compromised if water levels in the 
reservoir were already too low.

Spruce Budworm Spraying

Larval stages o f the spruce budworm moth feed primarily on buds and 
early shoots of balsam fir and white spruce foliage. The most recent

>
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spruce budworm epidemic from 1970 to 1985 was the third o f the twen
tieth century in Maine. Previous outbreaks had occurred in the 1910s 
and the 1940s (Irland et al. 1988). Periodic spruce budworm outbreaks 
are considered natural events associated with the maturing and regen
eration of spruce-fir forests, and likely have been occurring since early 
post-glacial times.

The primary effects o f the budworm outbreaks on brook trout were 
the insecticide spraying programs used to suppress them, and the timber 
salvage operations o f dead spruce and fir that resulted from the infesta
tion. The first evaluation o f D D T  spraying (Warner and Fenderson 1962) 
determined effects on fish abundance, trout food, and trout growth in 
northern Aroostook County from 1958 to 1960. Populations of brook 
trout, suckers, minnows, sculpins, and sticklebacks were reduced consid
erably because o f D D T  spraying. All fish collected from the spray area 
contained DDT. Aquatic insect abundance also declined, prompting 
trout to feed on snails and terrestrial insects.

Over time, suppression efforts have shifted from general persistent 
pesticides to those that break down quickly and target specific pests. An
other strategy for protecting non-target species was the use o f a relatively 
benign pesticide, such as OrtheneR, over headwaters to provide refuges 
for fish and insects that could later repopulate downstream reaches that 
were sprayed with more damaging (but more economical) insecticides 
such as SevinR.

Biological control agents such as the bacterium Bacillus thuringiensis 
(Bt) show potential for limited applications in sensitive areas. Chemical 
regulators o f insect growth processes have also been tested. To date, most 
of the experimental compounds have shown inconsistent results or are 
prohibitively expensive for widespread application. Alternative forestry 
management practices, intended to make stands less vulnerable to spruce 
budworm epidemics, are being investigated and implemented.

By the early 1980s, the budworm outbreak had run its course and 
forest managers turned from spraying to salvaging fir and spruce that had 
succumbed to the epidemic. Fisheries biologists played a role in the sal
vage operation by assessing the extent to which dead and dying riparian 
trees could be removed without compromising fisheries resources.

Acid Precipitation

The acidity, or pFf value, o f Maine’s waters have historically been suit
able for brook trout and other fish species. Flowever, there was concern 
about the possibility of substantial declines in pH values in Maine after
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this phenomenon was documented in sections o f northeastern North 
America. The pH value is a measure of water’s acidity; values less than 7 
are acidic, a value of 7 is neutral, and values greater than 7 are alkaline, 
or basic. Some aquatic insects and fish species have a narrow range of pH 
preferences, and pH values outside of this range can affect fish health, 
including direct physical damage to gills, eyes, and skin. It may also cause 
stress and increase mucus production. Fish eggs are more sensitive to low 
pH values than are adult fish. The optimal pH range for brook trout is 
6.5-8.0, though they can tolerate values of 4.0-9.5. Brook trout are more 
tolerant of low pH than most other trout species.

As o f2000, the most acidic rain falling in the U.S. had a pH of about 
4.3 (US EPA 2002). Maine’s location downwind from the major indus
trialized region o f North America results in precipitation estimated to 
be two to four times more acidic than the pre-industrial average, largely 
due to excess concentrations of sulfate and nitrate in the atmosphere. 
The range in mean annual precipitation pH is 4.4  to 4.7, south to north. 
In the fall o f 1984, the EPA conducted the Eastern Lake Survey in areas 
sensitive to acid precipitation, from which they estimated that eight to 21 
of Maine’s 2,000 lakes were acidic.

Because the EPA did not survey high-elevation lakes, and because 
high elevation lakes were thought to be most vulnerable to acidic de
position, the Maine D EP sampled 90 lakes at least one acre in size and 
above 1,950 feet in elevation. This project was conducted from 1986 to 
1989, and results showed that high elevation ponds had a mean pH of 
5.73 compared to 6 .90  for the Eastern Lake Survey waters (waters of all 
elevations), indicating that they were more acidic. Thirteen percent of 
the high elevation lakes were acidic, compared to 1.7% of the Eastern 
Lake Survey waters. Data are inadequate to determine whether acidic 
precipitation has affected fisheries. Furthermore, the number o f chroni
cally acidic lakes in Maine is small. O f nearly 1,000 lakes sampled, only 
18 waters at least ten acres in size were acidic; four o f these were high 
elevation lakes. O f the waters at least one acre in size, 58 were acidic; 12 
of these were high elevation lakes. The authors estimated that fewer than 
150 lakes, or 2.5% , were acidic, excluding naturally acid bog ponds.

Beaver and Trout Relationships

The effects of beaver dams on brook trout populations are complex, with 
both beneficial and harmful effects (Rupp 1955). Beaver dams and im
poundments help stabilize stream flows, provide increased wetted area 
suitable as adult habitat, act as sediment traps, and increase basic pro-
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Beaver dams, such as the old decaying one shown here, can have both benefi
cial and harmful effects of brook trout habitat during its construction, aban
donment, and gradual decay. Ethan Nedeau

ductivity. On the other hand, they can block spawning migrations, raise 
stream temperatures to unsuitable levels for trout, degrade water quality 
(particularly by lowering dissolved oxygen and pH), reduce stream flow, 
provide favorable conditions for predators, competitors, and parasites, 
and flood spawning and nursery areas. Beaver activity is generally con
sidered more beneficial in higher altitude streams than in lowland areas 
because high-altitude streams often lack pools and have cold water that 
results in slower growth rates. New impoundments are also considered 
more beneficial than older ones.

At Branch Brook in southern Maine, DeRoche (1967) documented 
the upstream movement o f several wild, tagged brook trout over four 
beaver dams. One of the beaver dams was two feet high, and the high
est was four feet high. He observed that beaver flowages tend to degrade 
over time and eventually became unsuitable as brook trout habitat. Water 
temperatures within the impoundments increased from the high 60s to 
as high as 76°F within a five-year period, and water quality declined as 
the impoundments became eutrophic, indicated by the presence of algal 
blooms.



Beaver abundance in Maine has increased in the last 25 years because 
o f more intensive forest management (which resulted in the regeneration 
o f an abundance of young trees preferred by beaver) and because social 
opposition to fur trapping led to reduced commercial demand for pelts. 
These changes resulted in greater conflicts between beaver and brook 
trout— beaver dams blocked a greater number o f brook trout spawn
ing tributaries, and fisheries staff7 resources were frequently inadequate 
to clear and maintain passage to spawning sites. A study conducted by 
fishery biologist Ron Brokaw on Black Brook (T25 M D , Washington 
County) from 1997 to 2003 indicated that brook trout abundance in
creased significantly after a beaver control program was implemented and 
declined after the beaver control program was abandoned. Because of this 
study and concerns about the effects o f beaver activity on trout popula
tions in eastern and northern Maine, new M D IFW  beaver management 
policies consider the effects of beaver on fisheries.

Squaretails: Biology and Management of Maine's Brook Trout



CHAPTER FIVE

Managing Maine’s Brook Trout

“I  cant telljou  how many times 1 had close calls 

out in the middle of.some o f  those big lakes in that 
old boat with wooes rolling over the gunwales or 

the narrow transom. It was big country, and it 

almost overwhelmed us.”

Former Regional 
Biologist Garll Fenderson 
on being a fishery 
biologist in the early days 
o f the Fisheries D ivision.

Managing a species as adaptable as brook trout is as challenging as catch
ing them. More than a half century’s worth o f inquiry on the distribu
tion, biology, and threats to Maine’s brook trout populations have helped 
guide management. Many tools exist in the toolbox o f fisheries manag
ers, including options for protecting and restoring habitat, curtailing the 
spread o f invasive species, and regulating how anglers fish for— and har
vest— brook trout. Fisheries management will always be a work in prog
ress as new challenges emerge and new information sheds light on the ef
fectiveness o f old management techniques. The goal remains the same—  
to protect brook trout populations while promoting viable fisheries.

I. EARLY MANAGEMENT

Early fisheries management in Maine began with the appointment o f two 
Commissioners ofFisheries in 1867. In 1895, Maine bought land in Car
ibou and built the first state-owned fish hatchery. Before biologists were 
employed, wardens frequently determined where to stock fish. M D IFW  
records trace brook trout stocking back to 1937, though many waters 
were stocked before then. Biologists employed by the Hatchery Divi
sion conducted lake surveys before the Fisheries Division was established.



In 1918, William C. Kendall o f the Bureau o f Fisheries, U. S. De
partment of Commerce, conducted the first scientific evaluation of brook 
trout populations in Maine. Specific to the Rangeley Lakes area in west
ern Maine, the report discussed the life history and abundance of fish 
species, physical habitat, and effects of dams on fish. In addition, Kendall 
compiled records o f brook trout harvests dating back to the mid-1800s, 
with reports of fish weighing up to 12.5 pounds. His compilation of 
early brook trout harvests is probably the best historical summary of pris
tine brook trout angling and the subsequent destruction of that resource 
through wasteful overharvest.

Gerald R Cooper, o f the University of Maine, conducted the first 
statewide systematic fishery survey. In a series o f three reports published 
from 1940 to 1945, Dr. Cooper and his colleagues described the fisheries 
o f the lower Androscoggin and Kennebec drainage systems, the Range- 
ley lakes, Moosehead Lake, and Haymock Lake. These reports provided 
detailed information on the physical, chemical, and biological character
istics o f the lakes. The age and growth information for brook trout was 
o f particular value for management purposes and for historical reference 
because it documented trout growth rates and life spans under pristine 
conditions.

Today, M D IFW  encourages the protection o f native brook trout 
habitat and water quality by supporting environmental protection 
laws, zoning initiatives, and ongoing monitoring o f brook trout waters. 
M D IFW  is also charged with implementing, reviewing, and updating 
fishing regulations. This management philosophy developed slowly—  
sometimes painfully— over a period of decades. Systematic management 
o f the state’s sport fisheries began with the formation of the Maine Fish 
and Game Department’s Fishery Division in 1950 and a regional system 
o f management in 1953. Regional offices were as follows:

• Sebago Region (Region A), headquartered in Gray
• Belgrade Region (Region B), headquartered in Sidney
• Grand Lakes Region (Region C), headquartered in Jonesboro
• Rangeley Region (Region D), headquartered in Strong
• Moosehead Region (Region E), headquartered in Greenville
• Penobscot Region (Region F), headquartered in Enfield (established 

1974)
• Fish River Lakes Region (Region G), headquartered in Ashland

State biologists began aquatic inventories o f lakes and streams in 1952. 
For lakes, biologists recorded lake volume, fish species, and water quality. 
For streams, biologists recorded fish species, habitat quantity (spawning,

Squaretails: Biology and Management of Maine's Brook Trout



Chapter Five: Managing Maine's Brook Trout

In this photograph from the early 1960s, regional biologist Kendall Warner 
determines the oxygen content of a water sample while working in a wooden 
lapstrake boat. Roger AuClair.

nursery, and adult), migration barriers, and pollution sources. Stream 
surveys were more cursory than lake surveys because of the vast quantity 
of streams in Maine.

Biologists initiated several long-term fisheries research projects in the 
late 1950s and 1960s. Most involved landlocked salmon, but several dealt 
with brook trout (Table 5.1). Many o f these studies addressed concerns 
that are still relevant today, including brook trout longevity, growth rates, 
and behavior o f wild and stocked populations. Biologists conducted re
search projects in addition to their regular management responsibilities. 
The types o f research projects often depended on the needs, interests, 
and expertise o f the regional biologists.

By the 1960s, a Fisheries Research Office was established in Orono. 
The office moved to Bangor in 1968, and a Fisheries Planner was hired. 
The Research Section was established in 1972 and helped set research pri
orities and peer-review research proposals. At that time, the staff included 
two research biologists and a technician who devoted part o f their time to 
brook trout research. Worthwhile research projects that research staff did 
not have time to conduct were referred to the Maine Cooperative Fisheries 
Unit at the University o f Maine. In 1984, financial constraints prompted 
administrators to eliminate one research position and to combine the 
position of Research Supervisor with that o f Management Supervisor.
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Table 5.1 Brook trout research projects conducted by the Fishery Division, 
MDIFW.

Project Date Principal Investigator(s)
Obstruction survey 1950 Lyndon Bond and Stuart DeRoche
Socatean Stream 1956-1961 Roger AuClair
DDT Studies 1958-1960 Kendall Warner and Owen 

Fenderson
Johnston and Jo-Mary Ponds 1960-1966 Robert Rupp, Roger AuClair, Mai 

Redmond
Age and growth in northern 
Maine Streams

1959-1962 Ken Warner

Branch Brook stream stocking 
evaluation

1959-1965 Stuart DeRoche

Stocking rates in lakes and ponds 1970-1976 Philip Andrews
Longevity study 1972-1985 Keith Flavey, David Locke
Six-inch length limit removal study 1970-1974 Philip Andrews
Rangeley project - fish movement 1958-1970 Charles Ritzi and Raymond 

DeSandre
Quimby Pond study 1977-1981 Raymond DeSandre
Stream monitoring 1990- present Joan Trial, Merry Gallagher
Aroostook River - fish movement 1992-1996 David Basley
Copepod study 1994-2000 Joan Trial and Forrest Bonney
Biology of wild trout populations 
in lakes

1994-2001 Forrest Bonney

Genetic study 1997-1998 V. Castric, F. Bonney, L. Bernatchez
Strain comparison (Kennebago vs. 
Sourdnahunk)

1997-2001 Forrest Bonney

Strain comparison (Kennebago vs 
domestic)

2001 - present Tim Obrey

Chamberlain Lake Study 2001 - present Tim Obrey and Steve Seeback

In 1974, the Fish and Wildlife Department reorganized the bound
aries of the fisheries regions to create Region F. In the 1980s, the man
agement staff was increased from two to three people per region due to 
increased workloads resulting from the promulgation of environmental 
laws and increasing angling activity.

Among its other duties, the Fisheries Division manages Maine’s 
brook trout by collecting and analyzing data and by making manage
ment recommendations and decisions. Biologists establish policies and 
guidelines and standardize procedures through a system of committees.

II. CURRENT MANAGEMENT

Habitat Protection

Chapter Four chronicled the history of habitat degradation that ulti
mately led to environmental regulations to protect Maine waters. Stream
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alterations were first regulated with the “bulldoze law” that was passed 
by the Maine legislature in 1952. It was intended to limit widespread 
stream alterations that were carried out to facilitate log driving. It limited 
bulldozing o f streams in unorganized townships to 1,000 feet per mile. 
The statute was revised in 1954, reducing the legal limit to 500 feet per 
mile. Beginning in 1974, stream alterations became a permitted activity 
and applications were reviewed individually to determine the effect o f the 
proposed activity on fishery resources.

M D IF W  administered the Stream Alteration Law until 1985, when 
permitting responsibility was transferred to Department of Environmen
tal Protection and was incorporated into the Natural Resources Protec
tion Act (NRPA) in 1987. The NRPA protects natural resources and 
requires a permit for activities “located in, on or over any protected natu
ral resource, or ... located adjacent to (A) a coastal wetland, great pond, 
river, stream or brook or significant wildlife habitat contained within a 
freshwater wetland, or (B) certain freshwater wetlands” (Maine Depart
ment o f Environmental Protection 2003). Under this regulation, fisheries 
biologists review proposed alterations and specify conditions to protect 
fisheries habitat. Project review includes considerations for sediment con
trol, maintenance of cover, and protection o f water quality and riparian 
buffers. Although most permit applications are ultimately issued, their 
review by agency staff—including fishery biologists— assures that condi
tions are implemented to protect aquatic habitat.

Stream Restoration

To date, Maine has put relatively little effort into habitat restoration 
compared to many other states, primarily because o f the abundance of 
lakes, ponds, and streams that provide excellent fisheries habitat. Despite 
stream habitat degradation resulting from forestry and agricultural prac
tices, most o f Maine’s streams retain brook trout populations, although 
abundance may be reduced. Finally, stream restoration is technically 
challenging, expensive, and counterproductive i f  done incorrectly.

Nevertheless, several brook trout habitat restoration projects have 
been conducted in Maine (Table 5.2). Many, such as the removal o f bea
ver dams, were relatively simple and involved restoring migratory routes 
to spawning habitat. Some early restoration projects were more intensive, 
involving reconstruction of stream reaches degraded by log driving. In 
the 1950s and 1960s, fisheries biologists were alarmed by the extent of 
stream channelizing that was taking place; they documented incidents of 
bulldozing, raised public awareness, and initiated restoration projects.
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Table 5.2 Brook trout habitat restoration projects conducted in Maine.

Water Date Project Description
B Stream
Houlton, Aroostook County

1987 Removal of beaver dam to allow fish passage 
to spawning site

Big Hudson B 1956 Restored bulldozed section by installing single
wing deflectors, rock dams, and spring holes

Black S
Sangerviile, Piscataquis County

1987 Creation of pools for adult brook trout habitat
California B, Square Lake
T16 R5, Aroostook County

1986 Removed beaver dams to restore upstream 
fish passage

Cupsuptic R
Franklin County

2002 Installed grade control structure to reduce 
entrenchment, reconnect river with flood 
plain, and reduce sediment migration

Goddard B, Big, Square Lake
T15 R5, Aroostook County

1986 Removed beaver dam to restore upstream fish 
passage

Intervale B, First Roach Pond
Frenchtown, Piscataquis County

1984 Reopened natural stream channel that had 
been filled in with gravel and debris from 
washouts upstream

Nesowadnehunk S
T4R10 WELS, Piscataquis County

1962 Restoration of spawning and nursery habitat 
damage resulting from log driving

Roach R
T1R14, Piscataquis County

1960s Restoration of spawning and nursery habitat 
damage resulting from log driving

South Bog Stream 2004- Narrowed overwidened reach and created
Rangeley Plantation, Franklin County 2006 pools for adult brook trout habitat.
South Inlet, First Roach Pond
Frenchtown, Piscataquis County

1984 Debris removal to restore spawning access
Tomhegan S 
Soldiertown, Somerset County

1965 Restoration of habitat degraded by log driving

Kendall Warner summarized effects of bulldozing for log drives in 
his Aroostook River report, which led to an offer from Great Northern 
Paper to collaborate on a stream restoration project. The work was done 
on Big Hudson Brook (T10 RIO W ELS, Piscataquis Co.), and Great 
Northern provided equipment, manpower, and materials. At Big Hud
son Brook and Sourdnahunk Lake outlet (T 4  RIO W ELS and T 4  R l l  
W ELS, Piscataquis Co.), dispersed stream flows were concentrated by 
reconstructing channels, pools were created, bark and other wood wastes 
were removed, log deflectors were installed, and alder cover was planted 
(Warner and Porter 1960). At Pleasant River Lake outlet (Beddington 
and T 2 4  M D  BPP, Washington Co.) and at Cathance Lake oudet (No. 
14 Twp., Washington County), extreme flows were stabilized by con
structing water control dams that held spring runoff water and released 
it throughout dry periods.

Roger AuClair oversaw the work at Sourdnahunk Stream, among 
others. He recalls that Scott Paper Company provided “a man and a ma
chine” to help restore Tomhegan Stream that had been bulldozed and dy
namited to straighten the channel. Roger designed the restoration as they 
went along, digging pools, narrowing overwidened sections, installing
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A stream restoration project on the Cupsuptic River in the Rangeley area. Here, 
grade control structures are being built of logs and boulders to slow the down
stream movement of sediment, thereby raising the river's profile and reconnect
ing it with its floodplain. Forrest Bonney

digger logs, and moving alders to stabilize shorelines and provide shade. 
“We had good results,” he remembers. “When we went back a few years 
later, the stream looked natural.”

Most degraded streams have been left to mend on their own, and the 
degree and duration of recovery have not been assessed. Recent river sur
veys that incorporate detailed stream measurements indicate that some of 
western Maine’s rivers have a greater width to depth ratio than is expected 
on natural streams, and that pool frequency is lower than expected nearly 
50 years after log driving was ended. Habitat improvement projects are 
not undertaken lightly, and the Fisheries Division has drawn up guide
lines (McNeish 1987) that involve the following assessment before proj
ect implementation:

• A review o f the water s management history
• A description of present biological, physical, and chemical condi

tions o f the water
• A description of the factors limiting productivity
• Possible causes o f these conditions.

The next steps are to state the project goal and purpose and propose a 
course of action, including methods, materials, costs, timetable, source
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S lo p in g  Through !c l j  W ater

During a 1997 river survey, several large pools on the Cupsuptic River 
were identified as potential restoration sites because they were filled 
with sediment that reduced pool volume and, consequently, adult 
brook trout habitat. Biologists secured a portable dredge, funded by 
the Sportsmen's Alliance of Maine, and enlisted the help of high school 
students to carry out this task. On many cold mornings in the fall of 
1998, Dr. Chris Aylesworth’s Environmental Science students from the 
Rangeley Lakes Regional School headed to the Cupsuptic River. They 
donned chest waders and went to work slogging through the icy wa
ter removing sediment by dredge and by bucket. The next spring, af
ter the spring runoff, they returned only to find that it had refilled 
with sediment from upstream. At that time, we called in professional 
help. Jock Conyngham, a fluvial geomorphologist who then worked 
for Trout Unlimited, spent a day on site and assessed the problem. A 
log driving dam had once been located upstream of the filled-in pools. 
Conyngham speculated that the heavy flow of water and logs released 
over the dam had, over time, lowered the river's elevation downstream 
of the dam. After the dam deteriorated, the river "head cut" upstream, 
continuously eroding the sediment that was washing downstream and 
filling in pools.

The solution, then, was to build grade control structures that 
would trap the sediment as it washed downstream, and, in the process, 
raise the river bed to its original level. These structures, designed by Par
ish Geomorphic, were built of logs and boulders in the summer of 2001 
with the help of Seven Islands Land Company, the current landowner, 
and a grant from the Trout and Salmon Foundation. With the help of 
Dr. Aylesworth's class, we are making annual detailed measurements 
of the study area to determine whether these structures are successful. 
For his efforts, Dr. Aylesworth was named Secondary Teacher of the 
Year by both the Franklin County Soil and Water Conservation District 
and by the Maine Association of Conservation Districts in 1999.

of funding, and post-construction inspection and maintenance. The 
public— particularly those involved in the project— are informed o f the 
project’s progress.

Restoration based on morphological assessment o f stream types was 
initiated in the 1990s. A monitoring protocol was developed by Fisher
ies Division staff in 2002 to evaluate the effectiveness of stream restora
tion efforts. Stream restoration projects are likely to continue in Maine 
because of improving methods to evaluate the degree of degradation and
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restore them to a natural condition. Both professionals and the public 
share an interest in restoring Maine’s streams, and a number of stream 
surveys conducted in recent years have been accomplished with the help 
o f volunteers.

Zoning

The Maine Land Use Regulation Commission (LURC) was formed in 
1971 by the 104th legislature to address concerns about increased use 
and development of Maine’s unorganized townships, which comprise ap
proximately one-half the state’s area. This agency was created to “extend 
the principles o f planning and zoning into the unorganized areas; to pre
serve public health, safety and welfare; to ensure an ecological balance; 
and to encourage the well-planned multiple use o f the natural resources.” 
Because more than ten million acres of Maine lies within the unorganized 
areas, formation of this agency had tremendous implications for the pres
ervation o f Maine’s brook trout population. At the time of LURC’s for
mation, many brook trout waters were being more heavily fished because 
new roads were being built. At the same time, there was angler demand 
for the type o f fishing provided by remote ponds. The results o f a 1974 
Fish and Wildlife questionnaire indicated that 77%  o f Maine residents 
and 88%  o f nonresidents favored the preservation of waters as wilderness 
areas “where there is no human development and the only access is by 
trail or canoe.”

Consequently, under the direction of then Regional Biologist Paul 
Johnson, M D IFW  recommended to LURC that a number of waters in 
the unorganized areas be zoned as remote ponds and protected from de
velopment and intensive recreational use. These ponds were, in effect, 
to be reserved for anglers and other users who appreciated the primitive 
recreational experiences, solitude, and natural beauty. To accomplish this 
goal, only those ponds that met the following standards were recom
mended for inclusion:

• Inaccessible by two-wheel-drive vehicle within one-half mile
• Undeveloped shorelines or limited to one non-commercial camp
• Capable o f supporting coldwater fish populations.

When these waters were submitted for zoning, fewer than 10% of the 
lakes and ponds in the unorganized townships (representing 2%  o f the 
surface water area) met the standards. It was recommended that a zone of 
one-half mile of land surrounding each pond be protected from develop
ment, including permanent vehicle access. Timber harvesting, manage-
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ment activities, and associated temporary road systems were to be con
tinued within these zones.

In 1978, LURC passed standards that included most of the above 
conditions for remote ponds except for a ban on outboard motors and 
aircraft. Initially, 176 ponds, totaling 4,997 acres, were included in this 
category (Appendix 2). O f these, 149 were wild brook trout ponds and 
25 were stocked brook trout ponds. Five of these ponds also had popula
tions of Sunapee or blueback trout. An estimated 108,000 acres o f land 
was zoned to protect these ponds. Despite the ban on vehicle access, 
some were (illegally) accessible by all terrain vehicles. Also, the Fisheries 
Division currently does not have adequate staff to intensively manage 
these waters. Ideally, they should be routinely monitored to determine 
angler use, fish harvest rates, and fish growth rates to optimize the quality 
of the brook trout fisheries. Nonetheless, these waters retain a remote at
mosphere and sustainable brook trout populations, and are highly valued 
by anglers who appreciate unspoiled solitude.

Habitat Surveys

Intensive habitat surveys have been conducted on relatively few Maine 
streams. Beginning in the 1980s, a minimum o f one river per region was 
surveyed as a result o f several initiatives:

• 1982 Executive Order on Maine Rivers Policy
• The Maine Rivers Act o f 1983
• Directives by the Cabinet Committee on Hydropower Policy
• M D IF W ’s need to formalize and document specific objectives and 

procedures for managing important fisheries under its jurisdiction

Since that time, additional streams have been surveyed based on regional 
priorities and a statewide stream survey program is being developed. Sur- 
veyedstreams with significant brook trou t populations are listed inTable 5.3.

River surveys are typically of sufficient detail to quantify the amount 
o f spawning, nursery, and adult brook trout habitat, though to date few 
small tributaries have been surveyed. The Habitat Suitability Index (HSI) 
model is the most thorough document detailing brook trout habitat re
quirements. The HSI model was assembled by the U.S. Department of 
the Interior (Raleigh 1982). It summarizes habitat suitability for brook 
trout by life stage and habitat type. The model computes a value from 
zero to one— zero indicates totally unsuitable habitat and one indicates 
ideal habitat. Maine biologists use HSI to quantify habitat, assess habitat 
quality, and guide management efforts.
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Table 5.3 Wild brook trout streams where MDIFW has conducted intensive 
habitat surveys.
River Drainage Year Lenqth (mi) Other Coldwater Fish
Allagash S Allagash 2006 16.7 None
Bemis S Androscoggin 2002 5.8 None
Cupsuptic R Androscoggin 1997 19.3 Landlocked salmon
East Machias R East Machias 1984 37 Atlantic salmon
Kennebago R Androscoggin 1984 22 Landlocked salmon
Magalloway R Androscoggin 2000 16 Landlocked salmon
Prestile S St. John 1985 22.3 Atlantic salmon
Rapid R Androscoggin 1985 3.2 Landlocked salmon
Roach R Kennebec 1971 19 Landlocked salmon
South Bog S Androscoggin 2001 6.2 Landlocked salmon
Sunday R Androscoggin 1998 13.3 Rainbow trout

Most rivers surveyed to date exhibit signs o f degradation because 
of land use practices, yet they still provide above-average quality habitat 
for both adult and juvenile brook trout. HSI values for different western 
Maine’s rivers indicate that 72-92%  of the adult habitat surveyed was 
above average (0.6 or greater); and rhat 52-68%  of the juvenile habitat 
was above average. Sunday River, which had the most degraded habitat 
(unstable, eroding, and over-widened reaches), had the lowest suitability 
ratings. A restoration effort for a portion o f the Sunday River is underway.

Biologist Peter Bourque, left, works with volunteers to conduct a stream survey. 
Members of organizations such as fish and game clubs, Trout Unlimited, and the 
Isaac Walton League of American have contributed hundreds of hours to help 
survey streams. Forrest Bonney
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Volunteers and Stream Surveys

In the summer of 2000, 22 volunteers assisted eight fisheries biologists 
in a survey of the 13-mile-long upper Magalloway River. This group in
cluded five members of the Rangeley Region Guides' and Sportsmen's 
Association, four members of the Mollyockett Chapter of Trout Unlim
ited, and one volunteer each from American Rivers, Trout Unlimited 
National, the Rangeley Lakes Heritage Trust, the University of Maine at 
Farmington, and the Parmachenee Camp Owners Association. In addi
tion, six individuals and two New Hampshire biologists helped with the 
river survey.

Because the remoteness of the location made it feasible to camp 
on-site for the duration of this survey, 11 additional volunteers— most 
of whom were members of the Rangeley Guides—helped provide di
rection, food preparation, and lodging. They provided fresh muffins 
each day to supplement generous meals—an army travels on its stom
ach, after all. Especially memorable were the dinners, cooked over an 
outdoor fire, at the end of a long day wading and measuring the Ma
galloway.

Before volunteers became involved in these efforts, it took our 
staff an entire summer— in addition to our routine work—to conduct 
a river survey. With the help of volunteers, the same amount of work 
is accomplished within a week or less. An additional advantage in em
ploying the assistance of volunteers is that they frequently have a rich 
knowledge of a river's history and can provide valuable information on 
changes that have occurred within the drainage.

Beginning in the late 1990s, morphological measurements were add
ed to river surveys to determine the physical state o f rivers. For this pro
cess, rivers are categorized based on width-to-depth ratio, slope, sinuos
ity, entrenchment, and substrate. Slope is defined as the ratio o f drop per 
unit of distance. Entrenchment indicates the extent to which the river has 
eroded or “cut down” into the earth. The substrate category refers to the 
bottom type (sand, gravel, boulder etc.) This type of classification allows 
determination o f stability, an important indicator o f habitat quality.

The Maine DEP, through its biological monitoring of rivers and 
streams, has documented the diversity of benthic macroinvertebrates at 
more than 350 monitoring stations on almost 150 different rivers and 
streams throughout Maine (M DEP 1999). These biological indicators 
are used to determine water quality. This monitoring has revealed bio
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logical degradation that was not detected by chemical monitoring, and it 
has documented recovery o f the biotic community after treatment tech
nologies were implemented. Data particularly relevant to brook trout 
populations include die following:

• Assessment o f long-term trends in water quality
• Evaluation of the effects o f non-point source impacts
• Evaluation of the impacts o f hydropower activities
• Assessment of the impacts of poor land use practices on stream and 

watershed systems
• Prediction of brook trout habitat suitability, based on our under

standing of brook trout diet

Fisheries Surveys

For lakes and streams, brook trout management begins with a survey 
of water quality, species composition, and physical parameters. Fisheries 
biologists use several types of nets to sample fish, including gill nets, trap 
nets, and fyke nets. Gill nets are long, rectangular nets placed on the bot
tom o f lakes and ponds. They are passive, meaning that fish must swim 
into them to be caught, usually by the gills. This form of sampling is usu
ally lethal, and often used when it is necessary to perform a necropsy to 
determine sex, maturity, and the incidence o f parasites and diseases. Gill 
nets are a reliable and efficient method for sampling fish populations.

Trap nets and fyke nets also fish passively, but are non-lethal. Fish 
swim into a mesh holding box through a series o f funnels where they are 
held until removed. These nets 
are effective in relatively shallow 
water and they are typically set 
along the shoreline, especially 
in the spring and fall when fish 
travel along these areas. Biolo
gists estimate population sizes 
by marking fish, releasing them, 
and comparing ratios o f marked 
to unmarked fish in subsequent 
catches. A common way to 
mark fish is to clip a small por
tion o f the tail fin; the mark is 
temporary because the clipped 
portion regenerates. Biolo
gists can also determine the age

A fyke net is one of the methods used 
to live-trap brook trout, which swim 
into the net passively, m d ifw  photo.
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A few scales are scraped from the side of a brook trout. The scales will be mag
nified to determine the fish's age. b .ii curtsinger Photo.

Small streams are effectively surveyed using a backpack electroshocking device 
and a small number of people to net the shocked fish. Ethan Nedeau

structure o f a population by collecting and reading scale samples. Brook 
trout in streams are typically sampled non-lethally by electrofishing. This 
technique yields species composition and abundance estimates, but is 
usually an effective technique only in small streams and shallow rivers.
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For waters of special interest, biologists can estimate the total num
bers of anglers and the number o f fish caught for an entire fishing season, 
but this process is time consuming and expensive because it relies on sea- 
son-long angler counts and angler interviews. Surveys allow biologists to 
estimate angler use, catch rate, harvest, species composition, and size and 
age of the fish harvested. Angler surveys have been conducted in Maine 
since the 1960s, and are used to track changes in the number of anglers, 
their catch, and the effectiveness of different management strategies.

Fishways

Fish usually find their way downstream over dams and falls, but these 
same barriers often prevent upstream movements. Fishways are typically 
installed to allow upstream passage o f fish over a physical barrier. Vertical 
drops o f four feet or more are considered impassable barriers to upstream 
brook trout movement. Although fishways are sometimes installed to 
provide passage over natural barriers, most are installed in dams. They are 
used relatively infrequently— or incidentally— for brook trout because 
this species can often fulfill all o f its life needs (spawning, nursery, and 
adult habitat) within discrete stream reaches. When these habitats are 
spatially separated, such as when lake fish must migrate into tributaries to 
spawn, an unimpeded migratory route is beneficial. The installation o f  a 
fishway— even when it would benefit brook trout— is sometimes rejected 
if it would also expand the distribution o f undesirable fish species. For 
example, plans to install fishways in the Rangeley lakes in the 1960s for 
salmon and trout were aban
doned after the illegal intro
duction of yellow perch.

Flow Agreements

The State o f Maine has en
tered into agreements with 
utility companies and other 
organizations to maintain 
minimum stream flows to 
benefit fisheries. Many o f 
these agreements are condi
tions o f the licensing or reli
censing of hydropower gen
erating dams by the Federal

Fishways are built to allow upstream pas
sage past artificial or natural barriers.
Eric Hutchins, NOAA
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Energy Regulatory Commission (FERC). For run-of-the-river projects 
(in which the reservoir is typically kept full with the inflow allowed to 
overflow), the minimum flow is typically set at aquatic base flow (ABF) 
or inflow, whichever is less. ABF represents 0.5 cubic feet per second of 
flow per square mile of drainage area. For storage facilities, minimum 
flow agreements represent a compromise based on the needs for power 
generation, fisheries, whitewater boating, and other recreational uses. Al
though minimum flow agreements guarantee that channels below dams 
will be watered, the flows are often different than natural flows in their 
extent and duration. Nonetheless, they frequently represent a vast im
provement over earlier flow releases, which seldom considered the need 
of fish and other aquatic organisms.

Reclamation

Reclamation is the process o f chemically killing all the fish in a body of 
water. The process is an extreme one, and is used to remove undesirable 
fish species. Since 1951, the Fisheries Division has chemically reclaimed 
151 Maine waters using fish toxicants to remove undesirable species. 
Reclamation is used sparingly as a management technique because can
didate waters must meet stringent physical requirements for this practice 
to be successful, as follows:

• Water quality must be suitable for brook trout or other coldwater 
fish species

• There must be a downstream physical barrier (natural or man-made) 
to prevent competing fish species from reentering the pond after it is 
reclaimed

• There must be no associated wetlands or extensive upstream tribu
taries that provide refuges for target species

• The project area must be small enough so that the chemical can be 
applied at all depths and areas (typically less than 200 acres)

• The proposal must have the support of shoreline property owners 
and other frequent users o f the water body.

Typically, the Fisheries Division reclaims ponds that have stocked brook 
trout populations, usually near populated areas that may otherwise lack 
coldwater fishing opportunities. It is also a means of removing an illegally 
introduced fish species from a body o f water before it spreads throughout 
a watershed. At Island Pond, T 15 R09 W EES, reclamation was success
fully employed in this manner in the 1970s. After yellow perch were 
illegally introduced to a trout pond, native brook trout were live-trapped
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and moved to a nearby uninfested pond. The pond with yellow perch 
was then reclaimed, and the brook trout were moved back the following 
spring after detoxification. A similar strategy was employed at Jo Mary 
Pond, T B  RIO W ELS, in 1969. In that case, brook trout were moved to 
the Enfield hatchery as brood fish before reclamation and their progeny 
were subsequently restocked into the pond.

The chemical most widely used to reclaim ponds is rotenone, an 
organic chemical derived from certain tropical plants. Rotenone is also 
used as a garden insecticide. In aquatic environments, it inhibits the bio
chemical process that enables fish to use oxygen in the release o f energy; 
in other words, it causes fish to suffocate. It is applied to the water under 
the direction o f a licensed pesticide applicator. Rotenone is unstable and 
rapidly breaks down into carbon dioxide and water when exposed to 
light, heat, and oxygen. Depending on water temperature, pH, and water 
hardness, it will break down in several days to five weeks after applica
tion. In Maine, it is typically applied in the fall, detoxifies over winter, 
and brook trout are stocked the following spring.

Reclamations are sometimes unsuccessful due to failure to complete
ly eradicate competing species, subsequent failure of the barrier structure, 
or unauthorized reintroduction o f competing fish species. As a result, 
some waters have been reclaimed two or more times where public de
mand for brook trout fishing is high. Reclamation is an expensive activ
ity, and sometimes there is opposition to reclamation because the public 
is uncomfortable with such large-scale killing of fish. Yet, given the rise in 
illegal fish introductions, it remains a valuable tool to discourage invasive 
species and protect native fisheries.

Fishing Regulations

M D IFW  is charged with implementing, reviewing, and updating fishing 
regulations. Biologists spend a substantial amount of time developing 
regulations to maximize the potential o f fisheries. Regulations help to 
maintain sustainable native brook trout populations, protect brook trout 
from harvest until they attain spawning age, protect a portion o f the 
older population from harvest, provide regulatory standardization where 
possible, and provide diversified angling opportunities.

Early brook trout fishing regulations were extremely liberal by mod
ern standards and undoubtedly harmed Maine’s brook trout fishery. 
Given the remoteness o f many waters, the low rate o f fishing pressure, 
and the primitive state o f fishing gear, liberal regulations were adequate 
for many waters, but invited over-harvest and even wastefulness in heav-

105



Squaretails: Biology and Management of Maine's Brook Trout

A stringer of large trout from the Rangeley region. Such catches were not 
sustainable and led to the depletion of many of the state's brook trout popula-
tlOnS. Rangeley Historical Society.

ily fished waters. Early records from the 1800s are rife with accounts of 
large harvests of huge brook trout caught and frequently discarded. Early 
on, enforcement of regulations was poor or nonexistent and poaching 
remained widespread. The Maine Warden Service was formed in 1880 
to enforce fish and game laws. The organization grew slowly, however, 
and it was not until the late 1950s that wardens were present in numbers 
sufficient to form an effective statewide enforcement agency. Since that 
time, wardens have enforced fish and wildlife laws in approximately 100 
districts throughout Maine.

Kendall Warner compiled a history of Maine fishing regulations that 
was published in Maine Fish and Wildlife magazine. The first legisla
tion intended to protect Maine’s trout and salmon was passed in 1872. 
This legislation established that “There shall be a yearly close time of 
landlocked salmon, trout and togue during the months of October, No
vember and December.” In 1878, the open season for salmon, trout, 
and togue was further restricted from May 1 to September 20. The State 
Legislature passed the first harvest limit law in 1882. This legislation 
provided for a 50-pound weight limit with no restrictions on numbers. It 
also prohibited transportation o f fish unless accompanied by the person 
who caught them. The first length limit on freshwater fish in Maine wa
ters was a five-inch length limit on brook trout also established in 1882.

The five-inch length limit remained in effect until 1914, when it was
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raised to six inches, where it remained until the late 1930s or early 1940s. 
The length limit in lakes and ponds was raised to eight inches in 1953- 
1954, but remained at six inches in brooks. The weight limit was reduced 
to five pounds from 1951 to 1954, but reverted to seven pounds in 1955 
and remained in effect until it was eliminated in 1997.

In 1969, the 104th Maine Legislature passed a bill removing the six- 
inch length limit on trout in streams. This proposal was supported by 
M D IFW  because trout in streams are typically short lived, slow grow
ing, small, and suffer a high natural mortality rate, resulting in few trout 
longer than six inches. The removal o f the six-inch length limit was seen 
as a way to allow anglers to keep trout that would otherwise have died o f 
natural mortality or of hooking injury. Most trout in the four to six-inch 
range in brooks are sexually mature and will spawn. Nonetheless, the six- 
inch length limit was re-imposed in 1977 due to public perception that 
the more liberal regulation was harmful to brook trout populations.

The aggregate bag limit on brook trout was eight fish from 1967 to 
1981. From 1982 to 1987, lakes had a five trout bag limit, but streams 
retained a ten fish limit. These bag limits were continued in 1988-1989. 
In 1990, the statewide general law bag limit for all waters was reduced to 
five brook trout.

Because brook trout are extremely vulnerable to ice fishing, brook 
trout lakes are typically closed to winter fishing. High winter harvest rates 
were documented at Eagle Lake, a stocked brook trout lake in Bar Har
bor, where Keith Havey and Dave Locke found that 92%  o f the available 
fish were taken in six days during the first week o f the 1977 ice fishing 
season. These brook trout were from a total o f 5,400 fall yearling brook 
trout stocked in the fall o f 1976. W inter harvest o f these fish was ex
tremely high; only 22 o f the original 5 ,400  fish were caught during the 
following open-water season. Nonetheless, the authors concluded that 
hatchery-reared brook trout stocked to provide put-and-take winter rec
reation in special situations is feasible, such as near population centers. 
Based on the large harvest at Eagle Lake, they recommended continua
tion o f a long-standing M D IFW  policy: the closure to ice fishing o f small 
trout ponds where natural reproduction provides the fisheries. There are 
currently only 198 principal fishery brook trout lakes and ponds (with an 
average size o f 1,288 acres) open to ice fishing. By comparison, there are 
1,157 principal fishery brook trout lakes and ponds (with an average size 
o f 359 acres) open to fishing during summer months.

Early angler surveys were conducted on three northern Maine ponds 
with wild brook trout populations in 1962 by Kendall Warner. Denny 
Pond (25 acres), Upper Pond (17 acres), and Galilee Pond (nine acres),



located in T l  5 R09 W ELS, were surveyed from May 19 to July 15. These 
waters had been limited to fly-fishing only with a five-fish limit for ten 
or more years at the time of the survey. Although these regulations were 
restrictive at the time (the general law creel limit was 10 fish), they would 
be considered moderate by today’s standards. Study results showed that 
these regulations were successful in maintaining older (age III+ and great
er) fish in the population, but they did not result in a population of large 
fish in these waters due to low basic productivity and/or a large popula
tion resulting from high rates of natural reproduction. Indeed, for many 
Maine waters, no amount of regulatory protection will produce large 
brook trout if  the population is naturally slow growing.

Beginning in the early 1970s, the Fisheries Division initiated the first 
o f several statewide programs to impose special regulations to encourage 
quality brook trout fishing. The first of these programs involved alternate- 
year closures o f brook trout ponds (Monroe Ponds, Washington County, 
and some ponds in the Moosehead area). While these regulations did 
allow brook trout to attain large sizes, they were subject to poaching in 
the off year. Fish were quickly caught once the ponds were legally open to 
fishing, leaving meager fishing for the following two years.

Efforts to impose progressively restrictive regulations on selected 
brook trout waters— those with a demonstrated ability to grow large 
fish— began in the 1970s. This strategy was prompted by increased an
gler use, improved access to once-remote waters, a perceived decline in 
size quality, and a growing acceptance o f catch-and-release fishing. A 
program to establish trophy trout ponds was initiated in 1978. Special 
regulations included a high length limit, a one or two trout bag limit, 
and gear restrictions (artificial-lures or fly-fishing only). These restric
tions were proposed for 15 trout ponds statewide but were ultimately 
imposed on only seven. General-law regulations at the time included an 
eight-trout bag limit (12 in Aroostook County), a six-inch bag limit, and 
no gear restrictions. The objectives of these regulations were to provide 
angling diversity and to allow opportunity for quality fishing. Other than 
the appearance o f these special regulations in the law book, there was no 
public announcement of this program lest promotion create excessive an
gler use o f these waters, thereby compromising the aesthetic qualities that 
the program intended to create. There was no formal evaluation of these 
changes; they were considered successful based on routine monitoring.

In the mid-1980s, a program was implemented to create at least one 
water per fisheries region with restrictive regulations, including catch- 
and-release. For example, a section of South Bog Stream in Rangeley 
Plantation was limited to catch-and-release fishing. At Upper Dam Pool,
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C o r r i^ lic a te ^ R < s ^ l^ tro n s %-x

“N o w y o u  are to take notice that fish  do  differ much in their bigness 

and shape, an d  oth er ways, an d  so do  [brow n ] trouts; it is well known  

th a t ... there are trouts taken that are three cubits lo n g . . .  A n d jo u  are  

fu rth er to  know, that there be certain waters, that breed  trouts rem ark

ab le both f o r  their num ber and smallness. I  know  a little b r o o k . . .  that 

breeds them  to a  num ber incredible an d jiou  may take them  twenty o r  

fo rty  in an  hour, but none greater than abou t the size o f  a  gu dgeon .”

Izaak Walton, The Compleat Angler (1653)

Anglers often criticize the complexity of Maine's fishing law book. We 
often hear comments akin to "you need to take a lawyer along with 
you when you go fishing to interpret the law book so you won't get 
arrested." Most special regulations arise from the fact that trout grow 
at vastly different rates, as Isaak Walton noted in his study of English 
fishing over 350 years ago.

A dramatic example illustrating brook trout growth rate variability 
is in the headwaters of the Androscoggin River drainage. The Cupsuptic 
River connects Cupsuptic Pond to Mooselookmeguntic Lake. Cupsuptic 
Pond is full of small brook trout; the largest one we sampled weighed 
five ounces. In Mooselookmeguntic Lake, 13 miles downstream, brook 
trout weighing six pounds are occasionally caught. Cupsuptic Pond 
trout are sexually mature by five inches; those at Mooselookmeguntic 
are not sexually mature until then are at least ten inches.

If we set our length limit to protect brook trout from harvest until 
they are sexually mature, a "one size fits all" limit would have to be set 
at a high length for the fastest growing trout, but that would mean 
that anglers couldn't harvest any trout from most waters. Accordingly, 
regulations are set to match the growth rates of the particular water. 
The result, though complicated, assures that trout waters will be man
aged to protect them from overharvest, will provide quality fishing, and 
will still allow an appropriate level of harvest.

between Mooselookmeguntic Lake and the Richardson Lakes, the mini
mum length limit on brook trout was increased to 12 inches; that for 
salmon was increased to 18 inches. These changes were also considered 
successful and effective in providing quality fisheries.

Effective in 1992, a more ambitious program was instituted state
wide to impose a ten-inch length limit on wild brook trout ponds and



lakes with the potential to grow larger-size fish. This regulation was im
posed on 167 waters. In addition to the higher length limit, 45 o f the 
waters also had fly-fishing-only regulations; ten had artificial-lure-only 
regulations; and 28 had a two-trout bag limit.

Beginning in 1996, landmark changes in the regulatory structure 
were applied to Maine’s brook trout fisheries. Two distinct sets o f rule 
changes were promulgated. The first set o f Fisheries Initiatives, proposed 
by Commissioner Ray B. Owen, were applied to both trout and salmon 
fisheries and were implemented on a relatively small number of waters 
that had the potential to produce extraordinary fisheries. These initiatives 
typically took the form of high length limits and low bag limits, includ
ing some catch-and-release proposals. The second set o f regulations was 
initiated by the Fisheries Division and involved the restructuring o f state
wide brook trout regulations to simplify a complicated array o f individ
ual regulations and restoring size and age quality to overexploited brook 
trout populations. These regulations were imposed on 453 waters and a 
study was undertaken by the Fisheries Division to evaluate their impact.

The effects of regulations on wild brook trout were evaluated by 
sampling the age structure after various regulations had been in effect 
for several years. Studies indicated that there were significantly more old 
brook trout in waters with restrictive regulations than in those without. 
Because these older fish were sexually mature, biologists concluded that 
the restrictive regulations were important not only in improving size qual
ity, but in perpetuating populations o f wild brook trout. Because these 
regulations were successful in restoring larger fish, restrictive regulations 
have been applied to additional waters with high growth potential.

Gear Restrictions

Anglers have historically used a variety o f fishing methods, though re
strictive regulations— imposed because o f declining populations and 
increased fishing pressure— have banned some of the more productive 
(and outlandish) angling methods. Early accounts of fishing in Maine 
document the use of nets, dynamite, spears and plug fishing (still-fish
ing, often over pre-baited sites)— highly effective but destructive harvest 
methods that were outlawed early on.

The first restrictions on freshwater fishing gear were passed by the 
Legislature in 1874 and provided that “No person shall catch, take or 
kill any landlocked salmon, togue, or trout in any waters of the State of 
Maine, by means of any grapnel, spear, trawl, weir, net or seine, or in any 
other way than by line and hook or fly.” The law pertaining to fishing
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gear was expanded further in 1878, as 
follows: “No person shall at any time 
catch, take, kill, or fish for any land
locked salmon, trout, togue, black bass,
Oswego bass, or white perch, by means 
of any grapnel, spear, trawl, weir, net 
seine, trap, spoon, set line, or with any 
device or in any other way than by the 
ordinary mode of angling with a single 
baited hook and line, or with artificial 
flies” (Stillwell and Stanley 1878).

General-law fishing allows the use 
of bait, including worms. Although live 
bait is considered the most effective, it 
also results in the highest rate o f hook
ing mortality. Live bait is used more 
frequently during the ice fishing sea
son than during the open water season 
(typically shiners, smelt, or suckers).
Though effective, use of live bait is of
ten prohibited to prevent the introduc
tion o f bait species into brook trout waters.

Because hooking mortality studies have not been done for brook 
trout in Maine, Maine biologists use results o f studies conducted else
where as guidelines. Fortunately, many such studies have been conducted 
throughout the country. Taylor and W hite (1992) presented a summary 
of 18 hooking mortality studies for non-anadromous trout, including 
brook trout, brown trout, rainbow trout, cutthroat, and lake trout (Table 
5.4). The most dramatic result o f this summary was no significant dif
ference in mortality between the use o f flies and lures, which resulted in 
less than 5%  mortality. The use o f bait, however, resulted in greater than 
30%  mortality. Other results o f the summary were as follows:

• Neither hook size (#4 to #14 for flies and lures; #4 to #10 for bait) 
nor temperature affected the mortality rate

• Hooking mortality varied by species. Lake trout were most affected, 
followed by rainbow trout, brook trout, and brown trout

• The key to angling mortality is the location that the hook penetrates 
the fish. Fish hooked in the gills, gill arches, esophagus, or internal 
organs have a higher mortality rate

• Gear and fishing methods that increase the chance that a fish will be 
hooked in a critical area will cause the highest mortality rate.

Table 5.4 Summary of 
hooking mortality studies for 
inland trout. From Taylor and 
White (1992).

Gear
Percent
Mortality

General
Flies 3.8
Lures 4.9
Bait 31.4

Flies and Lures
Barbed Flooks 4.8
Barbless Flooks 2.6
Single Flook 4.8
Treble Flook 4.7
Wild Fish 5.1
Flatchery Fish 3.8

Bait
Barbed Flook 33.5
Barbless Flook 8.4
Single Flook 31.7
Treble Hook No studies
Wild Fish 43.6
Hatchery Fish 22.9
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Most released trout survive if handled properly. They should be kept in the wa
ter as much as possibly, handled gently, and released quickly. Forrest Bonney

Incidental hooking injury data gathered in conjunction with Maine 
brook trout strain evaluations indicated that:

• Age 11+ fish o f both strains had significantly more hooking injuries 
than age 1+ fish

• Fish from a pond with an artificial-lures-only regulation had signifi
cantly more hooking injuries than those from a pond with a fly-fish
ing-only regulation

• Fish with hooking injuries had significantly lower conditions (were 
thinner) than those without hooking injuries.

Fish pathologist Dr. Russell Danner conducted an “observational” study 
in the fall o f 2001 at the Enfield Hatchery to evaluate the effect o f an
gling on spawning salmonids. A total of 102 salmonids, including 75 
brook trout, were experimentally angled to determine the effect o f catch- 
and-release fishing on spawning fish. This study was initiated in response 
to public requests to extend the fishing season into the fall. Thirty-four 
o f the 75 brook trout were hooked at least once; seven were hooked at 
least twice, resulting in a mortality rate of 12%. Danner noted that brood 
stock have a predictable seasonal mortality rate associated with spawn
ing stress, and are susceptible to injury during that time. Furthermore, 
the mortality rate resulting from catch-and-release fishing affects popula
tions more severely when it is concentrated on spawning individuals than 
when it is applied over the entire population.



CHAPTER SIX

Raising and Stocking Brook Trout

Them, by Livingston Stone, 1898.

It is difficult to imagine a venture that got off to a shakier start than 
that of raising trout. Brook trout are especially fussy in their habitat re
quirements, and efforts to raise them under primitive conditions often 
ended in disaster due to water quality or quantity problems, disease, 
parasites, predators, or a combination o f factors. Keeping the fish alive 
during transport to receiving waters without mechanical means o f re
plenishing depleted oxygen was also a challenge. Because these fish were 
often stocked while still very small and in poor condition, post-stocking 
survival was probably quite low. It was a beginning, though, and we are 
indebted to the early fish culturists who figured out how to raise trout.

I. HISTORY OF HATCHERY-REARED BROOK TROUT

Private hatcheries were established earlier than public hatcheries in Maine. 
David Pottle o f Aina started Maine’s first known brook trout hatchery in 
1869 by constructing several ponds on Spring Brook. The opportunity to 
catch trout was sold to sportsmen “principally from New York” who paid 
$1.00 per fish caught. The Oquossoc Angling Association raised brook 
trout as early as 1873 at Bemis Stream, a tributary to Mooselookmegun
tic Lake in Oxford County, and built a second hatchery near the Range-

The first thing to do, in getting rei 

trout, is to find  suitable water.

Domesticated Trout: How to Breed and Grow loi/^L
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Henrtj Stanleu Quotes

In a retrospective speech to the Maine Sportsmen's Fish and Game As
sociation (published in Maine Sportsman, February, 1896), Henry 0 . 
Stanley, senior Fish and Game Commissioner, recalled the founding of 
Maine's earliest hatcheries:

"I was appointed on the Fish Commission in 1872, about 24 years 
ago... No fish hatchery had been established in this State, nor had there 
been the introduction of new and better varieties of fish in our inland 
lakes and streams... We went to work and built one or two hatchery 
houses. For the first few years we hatched only trout, and Penobscot 
salmon; we had so little money, that a portion of these expenses had to 
be paid by private subscription."

"The first hatcheries we had in Maine were built by myself without any 
expense to the State. It was done by my own work, and subscription, 
from sportsmen in and out of the state. The trout eggs and also some 
of the landlocked salmon I took myself, going to the streams where 
they spawned, camping on the spot, till I could secure the eggs."
"...Places [for hatcheries] are hard to find. They must be near some 
railroad convenient for transportation with plenty of pure water, and 
ground so saturated that small artificial ponds can be made in which 
to feed the young fry. The cost of transporting the fish is small, as our 
railroads make no charge for transportation."

ley Outlet in 1876. Though the hatcheries were private, brook trout were 
stocked into the Rangeley Lakes.

Maine’s first state-owned fish hatchery was built in Caribou in 1895, 
though the state had raised trout in private facilities before then. By 
1900, there were three additional hatcheries, including one at Edes Falls 
(Naples), East Auburn, and Monmouth (Table 6.1). The 1897 Com
missioners’ Report also listed four private hatcheries, located in Mon- 
son, Megantic, Hartland, and Parmachenee where brook trout eggs from 
state-owned hatcheries were transferred. Thus, different strains of brook 
trout were stocked by private hatcheries throughout Maine and no pub
lic record is available o f their distribution. It must be assumed that wild 
brook trout throughout Maine have been exposed to undocumented 
stockings of hatchery-reared fish. However, given that hatchery fish were 
stocked as fry, it is likely that many o f the stocked fish did not survive.
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Table 6.1 Early records of Fish and Game Department hatcheries that raised 
brook trout.

Hatcherv (Location)
Year

1890 1897 1898 1915 1916 1919 1924
Cold Stream (Enfield) X X X X X X
Lake Auburn (Auburn) X X X X X X X
Edes Falls (Naples) X X
Weld (weld) X
Cobbosseecontee (Monmouth) X X X X X X
Caribou (Caribou) X X X X X X
Moosehead Lake (Squaw Brook) X X X X
North Belgrade (Belgrade) X X X X
Camden (Camden) X X X X
Moxie (The Forks Plantation) X X X X

The 1900 Commissioners’ Report summarized brook trout stocking 
as follows: 80,000 from the Edes Falls Hatchery to Sebago Lake and its 
tributaries, 68,666 from the Caribou Hatchery, 117,000 from the Au
burn Hatchery, and 194,600 from the Monmouth Hatchery. The large 
numbers belie the poor survival o f these fish due to their small size and 
the primitive transport systems available at the time. In the 1890s, fish 
culturists developed and refined ways to hold and feed fry through the 
first summer. The Commissioners’ Report noted that fall fingerlings, as 
they are now called, survived better than fry.

The Commissioners justified stocking as follows: “We believe that 
this is the only proper method to keep up our supply o f trout and salmon; 
we cannot depend upon the supply from natural sources; the fishing will 
deteriorate to such an extent that we shall lose the anglers who come here 
from abroad and leave large sums o f money with our people, unless fish 
are artificially propagated to a large extent.” They went on to add, “Given 
the means, fish can be artificially propagated without lim it...” Referring 
to both salmon and trout, they stated that “on our larger lakes and ponds 
in years to come we believe we shall have to depend largely [on stocked 
fish] for our fishing, and a crop of six months old fish should be sown 
each year if  we are to keep up the supply.” Apparently, little consideration 
was given to harvest restrictions to maintain a “supply”’ o f wild fish, as it 
is today, and certainly no consideration was given to the importance o f 
protecting native stocks.

Livingston Stones 1898 book, D om esticated Trout, H ow to B reed an d  
Grow Them, illustrated the extent to which brook trout were moved from 
place to place before accurate records were kept. In the spring of 1871, 
he sent 10,000 trout fry from Charlestown, New Hampshire, to Norway,
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Maine, “...1 2 0  miles by rail, 100 by boat, and 40 miles more by rail. 
The journey took twenty-eight and a half hours. They were carried in 
a tank, in forty to fifty gallons o f water, and plenty o f ice.” About 500 
died, “...m any o f which had been bruised by the ice.” The destination 
of these fish was not disclosed. State hatcheries also distributed their fish 
to distant locations. The 1898 Commissioners’ Report indicated that 
speckled trout (brook trout) eggs from the Lake Auburn Hatchery in 
East Auburn were sent to the Megantic Preserve Hatchery, Sebago Lake 
Hatchery, Caribou Hatchery, Parmachenee Private Hatchery, Rangeley 
Private Hatchery, Monson Private Hatchery, and to a private hatchery 
in Hardand. It was common to transport brook trout within Maine by a 
combination of train and wagon.

Dr. William Kendall, speaking in 1924 of the situation nationally, 
noted that artificial propagation was hailed with “unbounded enthusi
asm” as a way to rehabilitate fisheries after the marked failure of fish
ing regulations. Yet, despite millions of fish being stocked, he concluded 
that stocking efforts failed to produce expected results. He attributed 
the failure o f stocking to the widespread use of imported species (while 
neglecting native species), and concluded, “The way to regulate condi
tions already disturbed was to restore as nearly as possible original or 
normal conditions.” He listed many examples of non-native fish affecting 
native species and deplored the widespread introduction o f landlocked 
salmon to Maine lakes to the detriment o f native “huge trout.” He recog
nized that “millions upon millions of fish have been planted in lakes and 
streams o f the United States without any scientific investigation whatever 
for the purpose o f determining whether the waters were suitable for the 
fish which were proposed to be planted in them, or whether the fish were 
desirable for those waters.” This statement was corroborated in the 1900 
Commissioners’ Report, which admitted that there was no way to differ
entiate stocked from wild fish, and that results were evident only when a 
new species was introduced and caught by anglers.

Dr. Kendall’s frustration at the decimation o f native fish populations 
and clumsy efforts to restore them through ineffective and uninformed 
regulations and a “shotgun” approach to stocking represents the earli
est recorded call for an ecological approach to fisheries management in 
Maine. Writing in 1924, he noted, “Consult the dictionary o f a few years 
ago and you will not find the word ‘ecology’, but modern dictionaries de
fine it somewhat as follows: The branch o f biology which deals with the 
mutual relations between organisms and their complete environment.” 
It would be another 30 years before such a philosophy would be imple
mented in Maine. W ith the establishment of the Fisheries Division in
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Brook trout are reared in concrete-lined raceways, as seen here, or in round 
tanks. Covers maintain the darkness preferred by brook trout and reduce loss 
by predators, including birds, mink, and raccoons, mdifw photo.

the early 1950s, lakes were surveyed statewide and stocking was recom
mended only i f  spawning habitat was lacking or inadequate to provide 
a fishery. In addition, the introduction o f exotic species was limited to 
those drainages where they already existed.

Today, M D IF W  operates nine hatcheries and rearing stations with 
a staff of 30 fish culturists. Fish eggs are cared for and “hatched out” in 
hatcheries, where they may also be reared to stocking size. Because of 
their need for more space as they grow, fish fry are often moved to rear
ing stations that provide room for them to grow to stocking size but no 
eggs are hatched at these sites. A fish pathologist monitors fish health, 
investigates health problems, and supervises treatment procedures when 
necessary. Fish culturists take one to two million brook trout eggs an
nually from brood fish held in the hatchery system or from the wild. 
While this number is in excess of what Maine needs, additional eggs are 
taken in case o f excessive mortality or to provide eggs to other states. The 
health o f hatchery-reared brook trout has been monitored semi-annually 
since 1977. Inspections monitor fish growth rates, density (number of 
fish per volume unit o f water), and overall physical condition (head, eyes, 
operculum, gills, thymus, body, scales, fins, color, and symmetry). Infor
mation from these surveys has been used to improve rearing conditions
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The Little Hatcherq That Could

The Phillips Hatchery, tucked among the hills of Phillips in Franklin 
County, began life as a "feeding station" in 1930. At the time, the 
Sandy River and Rangeley Lakes Narrow Gauge Railroad ran by the fa
cility and delivered supplies and fish feed, which consisted of raw liver 
and milk curd. In 1965, the facility became the state's primary brook 
trout brood stock hatchery. At the time, all of the water upstream of 
the Phillips Hatchery was reclaimed with rotenone to remove fish that 
were potential carriers of a highly contagious fish disease called infec
tious pancreatic necrosis, or IPN. Fish were held in artificial channels 
cailed raceways. The earthen raceways, which were notoriously difficult 
to disinfect, were replaced with concrete raceways. The station was 
converted from a production hatchery (where fish were raised to be 
stocked) to its present sole purpose of providing virus-free eggs for 
other hatcheries.

For many years, the Phillips Hatchery had experienced poor "hatch- 
out" rates; in other words, an abnormally high percentage of the trout 
eggs died before they hatched. Upon further study, fish pathologist Dr. 
Russell Danner identified the problem as being the water's exceedingly 
low dissolved calcium levels (0-7 milligrams per liter). Unlike terrestrial 
vertebrates that absorb calcium in their diet, brook trout must absorb 
calcium from their environment through their gills and skin. In 2003, 
Russ and hatchery manager Chris Short received financial support from 
the Morris Animal Foundation and International Paper Inc. to investi
gate this problem, technically known as nutritional hyperparathyroid
ism. The calcium level in the hatchery was raised to 30-40 milligrams 
per liter and fish density was lowered to reduce stress. Russ Danner 
reported, "The results were rapid and dramatic. Fish fin quality, color, 
and general apparent wellness immediately improved, and egg survival 
in fall 2003 improved to 70% ."

(e.g., decreased rearing density, manipulating light exposure, minimizing 
fright responses, and providing adequate nutrition and feeding regimes). 
Finally, the rebuilding of the Embden Rearing Station in 2005 has ex
panded capacity for growing put-and-take (catchable) brook trout that 
are being used to provide additional fisheries throughout the state.
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II. BROOK TROUT STOCKING POLICY 

Bioenergetics

Bioenergetics models monitor changes in growth in response to environ
mental change. Bioenergetics modeling was developed “to assist managers 
in determining the proper size, time o f year, and response by brook trout 
to changing annual conditions in lakes where poor trout performance 
had been documented or assumed” (Hartleb 1996). Water temperature, 
fish weight, diet, and density were used to determine consumption, 
growth, and metabolic requirements throughout the year, but specifically 
when water temperatures exceeded optimal conditions. The models were 
used to predict individual growth during sub-optimal water temperature 
periods and to predict the best brook trout management strategy.

Results o f bioenergetics modeling indicated that survival might be 
higher if brook trout were stocked when water temperatures were at or 
near 55°F. Models predicted higher growth rates for small fish and for 
growth rates to increase with higher prey densities. Therefore, food limi
tation was expected to affect small brook trout more than it would large 
trout. This confirmed the policy o f stocking larger trout in less produc
tive waters. Fry are not a good choice for less productive waters because 
they exhibit lower growth rates at low prey densities. Because fall fin- 
gerlings and spring yearlings exhibited similar maintenance levels and 
growth rates at different prey densities, either can be stocked in ponds 
without a significant difference in performance, unless fish predation is 
a factor.

Lake Stocking Rates

Before 1970, the Fisheries Division established a biological— or “put, 
grow, and take”— fall fingerling stocking rate for lakes as follows: stock 
150 fall fingerlings for each acre up to ten feet in depth, plus 50 fall fin- 
gerlings for each acre ten to 20 feet in depth, plus 20 fall fingerlings for 
each acre more than 20 feet in depth. This formula takes into account 
the fact that shallow littoral areas are more productive than deeper water. 
Fishery biologists tested variations o f this stocking rate with a seven-year 
research project to determine whether different stocking rates resulted 
in better fishing while making more efficient use of expensive, hatchery- 
reared fish. From 1970 to 1973, fall fingerlings were stocked at half the 
policy rate, the policy rate, or at twice the policy rate. Spring popula
tion estimates indicated that over-winter survival o f brook trout stocked
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Maine’s Stocking Policy

As part of the Department's charge to preserve, protect, and enhance 
the inland fisheries and wildlife resources of the state, management of 
wild brook trout populations is given highest priority where fisheries 
can be maintained through natural reproduction. This philosophy is for
mally expressed in MDIFW Administrative Policy Regarding Native Sal- 
monid Management (adopted March 1996; revised 2001). The intent 
of the policy is to protect wild populations while allowing for stocking 
in situations where wild fisheries will not be imperiled.

To protect genetic resources, no inter- or intraspecific predator, 
prey, or competitor fish species from any hatchery or wild source are to 
be stocked in lakes, ponds, or flowing waters having indigenous brook 
trout populations. Exceptions to this rule include:

• Waters and/or drainages to which stocked brook trout previous
ly had natural access, even though these waters had not been 
stocked directly;

• Waters known to have been publicly or privately stocked; and
• Waters in which the indigenous salmonid population does not 

provide a principal fishery due to habitat limitations.

Additional legislative protection was afforded to Maine's native brook 
trout population in 2006 with the promulgation of L.D. 1131, An Act 
to Recognize and Protect the Native Eastern Brook Trout as one of 
Maine's Heritage Fish. Henceforth, any proposal to stock waters with 
native brook trout will require review and permission from the Maine 
Legislature's Fish and Wildlife Committee.

as fall-fingerlings ranged from 29-97% , with an overall survival rate of 
58% . The study found no relationship between their length at stocking 
and survival through the winter. Few fish survived through their third 
winter.

Results o f this study indicated that relatively high fishing pressure 
and harvest could be sustained by stocking at the policy rate. However, 
the study was unsuccessful in defining a uniform stocking rate due to the 
high variability among waters. Because shallow waters produce more prey 
than deeper waters, lakes and ponds having a high proportion o f shallow 
water are usually the most productive and are stocked at higher rates 
than deep lakes and ponds. Stocking rates are presented as ranges due to 
the variability in the contribution of natural reproduction, competition



Table 6.2 Stocking rates for different age groups of brook trout and different 
types of waterbodies.
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S to ck in g  R ates
Aqe Group Rivers1 Streams2 Ponds (<200 ac)1 Lakes (>200 ac)1
Fry - 25 150-250 Not stocked
Fall Fingerlings 150-250 3-5 25-150 10-50
Spring Yearlings 50-150 1-3 5-25 1-5

dumber stocked per surface acre 
2Number stocked per 100 yd2

from other species, and fishing pressure (Table 6.2). Thus, despite the 
guidelines provided, there is a certain amount of trial and error involved 
in brook trout stocking, and, as a result, biologists must sample stocked 
waters routinely to determine whether adjustments to the stocking rate 
are necessary.

Currently, biologists stock four age classes o f brook trout: fry, fall 
fingerlings, spring yearlings, and fall yearlings. Fry (one to four inches 
long) are usually stocked in late spring or early summer. Although fry are 
economical to stock, their survival rate is low where competition is high, 
and they are stocked under only special conditions. Several ponds receive 
fry because they are too small or remote for other stocking methods. 
Horns Pond atop Bigelow Mountain is one example— it is accessible on 
land only by trail, and because it is situated atop a mountain (and thereby 
susceptible to unstable air currents called thermals) it is unsafe to stock 
by air. Fry are backpacked into this and several other remote waters. Be
cause their weight precludes the use o f mechanical aerators, special prepa
rations are made for the transportation of backpacked brook trout fry. A 
method developed primarily by Fish Culture Supervisor Chris Short o f 
the Phillips Hatchery involves cooling the fry with ice to reduce meta
bolic activity and injecting oxygen into the bag before transport. The wa
ter is warmed when fish are released to prevent thermal shock. Using this 
method, fry show high survival rates after several hours o f backpacking.

Larger fish are transported in aerated tanks by truck or by a combina
tion of truck and airplane. Fall fingerlings (five to seven inches long) are 
stocked in waters where fry do not survive or grow well because of preda
tion, competition, or other factors. Most brook trout stocked in Maine 
are fall fingerlings. Fry and fall fingerling stockings are called biological 
stockings because the fish are not immediately harvestable by virtue o f 
their small size or by having been stocked when the fishing season is 
closed. These fish have time to grow and acclimate to their new environ
ment before being harvested. Biological trout stocking is typically the 
management goal in western and northern Maine.
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Brook trout are weighed onto a hatchery truck to be stocked directly into a 
water or to be transferred to an airplane for aerial stocking. Forrest Bonney

Brook trout are stocked by airplanes when waters are inaccessible for ground 
stocking. In this photograph, trout are being transferred from a hatchery truck 
to airplane tanks for a flight to a remote pond, m d if w photo.
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Spring yearlings (seven to 11 inches long) and fall yearlings (10 to 14 
inches long) are stocked in waters with marginal water quality or heavy 
fish predation that results in poor survival o f smaller stocked fish. This 
method o f stocking is referred to as put-and-take— or “catchable”—  
stocking because the fish are immediately harvestable. Some stocked fish 
escape immediate harvest and grow to larger sizes. Spring and fall year
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Table 6.3 Water quality and habitat 
criteria for determining whether a stream 
can be stocked.

Variable Criteria
Temperature 72°F or less in streams 

or presence of thermal 
refugia

Dissolved oxygen At least 7 ppm
Average depth For stream widths up to 

15 ft: minimum of 8 in; 
for stream widths greater 
than 15 ft: minimum of 
12 in.

Instream cover Minimum of 10%
Pools Minimum of 20%
PH 5.5-8.5
Flow At least 40% of average 

annual daily flow

ling stocking provides brook 
trout fishing in waters that 
could not otherwise provide 
one. From a practical stand
point, however, the relatively 
high cost o f rearing these fish 
limits the number stocked.

Stream Stocking Rates

Most Maine streams that can 
support brook trout are sus
tained by natural reproduc
tion. In waters where natural 
reproduction and nursery 
habitat are inadequate to sup
port a natural fishery, but where adult habitat is suitable, brook trout may 
be stocked (Table 6.2). The earliest evaluation o f brook trout stocking 
in Maine streams was conducted on a section o f Branch Brook (York 
County), from 1959 to 1965 by Regional Biologist Stu DeRoche. The 
study examined overwinter survival o f fall fingerlings in the presence or 
absence of wild trout and overwinter survival o f wild trout in the absence 
o f stocked trout. The following conclusions were drawn from the Branch 
Brook study:

• Overwinter survival o f stocked fall fingerlings stocked in the pres
ence o f wild trout varied from 4-48%  and averaged only 29%

• The survival rate of those stocked in the absence of wild trout was 
slightly higher and averaged 35%

• Brook trout stocked pre-season as spring yearlings tended to migrate, 
and were not available to anglers within the study site. Migration was 
attributed to high stream flows and failure o f the hatchery-reared fish 
to acclimate to the habitat

• Negligible numbers o f stocked fish were captured after more than 
one year at large

• Fall stocking of hatchery-reared brook trout in streams can reduce 
the overwinter survival rate of wild trout.

Boland (1997) evaluated the success o f stocking fry and fall fingerling 
brook trout in several southern Maine streams. Results of the study 
suggested that stocked fall fingerling brook trout performed poorly in 
streams with competition and marginal water quality.
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Using conclusions from these studies, the Fisheries Division adopted 
several stream stocking guidelines (Table 6.3). When enough wild brook 
trout are present to provide satisfactory fishing, stocking is not appro
priate. However, stream stocking has its place, especially in waters with 
suitable water quality, but where brook trout abundance is limited by 
lack of natural reproduction or by excessive harvest, such as waters with 
high fishing pressure. Fall fingerlings can provide good fishing provided 
the stream has suitable overwintering areas and does not have a large 
predator population. Otherwise, legal-sized brook trout are stocked in 
the spring to provide immediate fishing.

Current Number of Stocked Waters

O f Maine’s 1,135 lakes where brook trout provide a principal fishery, 476 
(42%) are stocked. Lakes stocked with brook trout typically have habi
tat suitable for adult fish but may lack spawning habitat. In some cases, 
natural reproduction does occur but is inadequate to sustain a fishery.

The number of waters stocked with brook trout has increased mark
edly in recent years (Table 6.4), as management strategies have broadened 
to include waters once deemed unsuitable for stocking. Waters capable 
of providing seasonal, put-and-take fisheries are being stocked with legal- 
size brook trout to increase angling opportunities. Examples are Jamies 
Pond in Manchester, the Sebasticook River in Pittsfield, the Piscataquis 
River in Guilford, Wilcox Pond in Biddeford, Pettingill Pond in Auburn, 
Jerry Pond in Millinocket, and Arnold Brook Lake in Presque Isle. This 
program is being expanded to include fall yearlings thanks to the expan
sion of the Embden rearing station. Waters chosen for this effort often

Table 6.4 Number of waters stocked with brook trout 
from 1984-2000.

Aqe Grouo Year Lakes Streams Total
Fall Fingerlings 1984-1985 230 13 243

1986-1990 267 19 286
1991-1995 258 18 276
1996-2000 299 11 310

Spring Yearlings 1984-1985 103 27 130
1986-1990 126 35 161
1991-1995 164 54 218
1996-2000 284 199 483

All 1984-1985 333 39 372
1986-1990 402 54 456
1991-1995 422 72 494
1996-2000 583 210 793



have warm water temperatures and moderate-to-severe levels o f competi
tion from other species. Nonetheless, they provide seasonal fisheries un
der the following circumstances:

• Brook trout stocked in the fall when water temperatures are suitable 
will provide a winter and spring fishery

• Brook trout stocked in the spring will provide a fishery for several 
weeks or months before water temperatures become unsuitable

• Large stocked brook trout stocked are less vulnerable to predators.
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The expense and relatively short duration of these fisheries is justifiable, 
on a limited basis, because they provide opportunity to anglers, including 
children, who would otherwise be unable to fish.

Hard Lessons

A small, unnamed brook in Gray was stocked annually with 1,000 
brook trout fry (29 per 100 square yards of stream) from 1992 to 1996. 
Survival of stocked fry to one year post-stocking ranged from 8 to 20% 
when they averaged 5.3 inches in length. The fish were not harvestable 
because the minimum legal length limit was 6 inches. Survival to two 
years post-stocking ranged from 0% to 3% when they averaged 7.3 
inches in length. The population of legal-size brook trout averaged only 
1.2/100 square yards. Adult brook trout habitat was absent from the 
study area, and their low abundance may have been due, in part, to 
out-migration of larger fish in search of optimal habitat.

Collyer Brook, also in Gray, contains wild brook trout, brown trout, 
suckers, minnows, and American eel. It was stocked with 600 brook 
trout fall fingerlings (1.1 per 100 square yards) from 1992 to 1994 
and with 2,000 fall fingerlings (2.9 per 100 square yards) in 1995 and 
1996. Despite the fact that these fish were much bigger when stocked, 
none was captured a year post-stocking at the lower stocking rate, and 
only one stocked fish was captured at the higher stocking rate. Anglers 
reported catching wild brook trout but no stocked trout.

The third water involved in the study, Killick Brook in Hollis, con
tains wild brook trout, suckers, minnows, yellow perch, and chain 
pickerel. It was stocked with 600 fall fingerlings (1.5 per 100 square 
yards) from 1992 to 1994. No stocked fish were captured one year 
post-stocking, nor did anglers report catching stocked fish.

Not all stream stockings perform poorly, but these studies point 
out that habitat, water quality, and interspecific competition must be 
favorable for stocked brook trout to survive and thrive.



Chapter Six: Rearing and Stocking Brook Trout

Performance of Hatchery-reared Fish

The growth, longevity, and behavior o f hatchery-reared brook trout may 
be considerably different from that o f native fish. Domestic strains of 
hatchery-reared trout are typically larger when stocked than wild fish of 
the same age, but generally do not live as long. This may not be a con
cern if  fish are intended to provide a put-and-take fishery. The large size 
of hatchery-reared fish is an advantage if  predation risk is high, and can 
make them more attractive to anglers. This situation is generally true in 
waters o f Maine’s coastal plain where competition from warmwater spe
cies is common and where water quality may be unsuitable for trout.

In the Adirondack lakes of New York, Flick and Webster (1962) 
demonstrated differences in the performance o f wild versus domestic 
strains o f brook trout, both of which were reared in hatcheries. They 
documented better survival o f wild strains the first summer, despite the 
size advantage o f the domestic strain that were consistently heavier at a 
given length. In an earlier study, the authors demonstrated that domes
tic trout are more vulnerable to fly-fishing than are wild strains— fisher
men caught 31%  and 37%  of the estimated population o f two domestic 
strains, compared with only 12% o f the wild strains. Stocked fish are 
indeed easier to catch!

In general, wild trout perform better in streams than do hatchery- 
reared trout. Domesticated brook trout did not survive in Wisconsin 
streams as well as resident wild brook trout (Mason et al. 1967). The 
domestic strain was harvested early in the fishing season, whereas hy
brids and wild brook trout contributed to the fishery throughout the 
season. In a Prince Edward Island experiment, transplanted wild trout 
could not compete with trout already resident to a study stream (Saun
ders and Smith 1955), and the authors speculated that hatchery-reared 
trout would fare no better in competitive situations.

Over the years, several strains o f brook trout have been reared at 
Maine hatcheries. Early on, sources o f eggs were poorly documented, and 
it was not until the latter part o f the twentieth century that the state kept 
careful records o f the origins of hatchery strains. The Maine Hatchery 
Strain (M HS) o f  brook trout originated with fish taken at Basin Pond 
in Kennebec County. Despite their name, these fish were not native, but 
rather had originally come from out o f state. These fish were certified 
free o f infectious pancreatic necrosis (IPN) and isolated to the Phillips 
Hatchery in 1965 where they have served as brood fish.

Most o f the early brook trout strains in Maine’s hatchery system orig
inated outside o f  Maine. Increasingly poor performance o f these domes-
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Brook trout on their spawning run are seined from the Kennebago River. The 
seine is used to encircle and capture brook trout, which are then held in live 
cars until they are ready to spawn. Forrest Bonney

tic strains— attributed to inbreeding— prompted experimentation with 
new strains and crosses, including import o f Assinica (from Canada) and 
Owhi (from the western United States) strains. The Assinica strain was 
brought to Maine from New York in 1975. This strain was crossed with 
the M H S to produce the F I hybrid o f progeny to provide hybrid vigor.

Research biologist Phillip Andrews initiated a comparative study 
o f different strains of hatchery-reared brook trout in Maine in the late 
1980s. The study was designed to evaluate the relative performance of 
M H S and a cross of the M HS and Assinica strains. Results showed that 
the growth rates and catch rates of the two strains were not different 
(Bonney 1993). Both strains stocked as spring yearlings were sexually 
mature at age 15 months. Those stocked as fall fingerlings were not ma
ture until age 18 months. Only 6%  o f the M HS fish and 8%  of the 
hybrid fish sampled were age II+, indicating similar but poor survival 
rates for both strains. Fall fingerlings grew the most during a three-month 
period between the first summer and fall post-stocking, when water tem
peratures were warmest.

Despite periodic infusions of genes through the introduction of new 
strains, domestic trout continued to exhibit poor longevity and high egg 
mortality. Furthermore, declining and erratic egg survival rates rendered
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these strains unreliable as hatchery 
fish. The inbreeding and domesti
cation of these strains was attrib
uted to crossings made with inad
equate numbers of brood fish.

In the early 1990s, hatchery 
managers opted to develop new 
strains from wild Maine stocks.
The intent of adding a “wild” 
strain to the hatchery system was 
to replicate, as nearly as possible, 
the characteristics of wild fish—  
particularly longevity and behav
ior— in hatchery fish. The ad
vantages were that these fish were 
genetically adapted to Maine, and 
that there were adequate numbers 
o f fish to avoid inbreeding. Strains 
were taken from river drainages 
with large wild populations, with 
emphasis on acquiring enough 
brook trout to maintain genetic variability. Brook trout eggs were taken 
from Sourdnahunk Lake, Piscataquis County, from 1995 to 1998; and 
from the Kennebago River, Franklin County, from 1996 to 1999. M ic
rosatellite DNA analysis confirmed that these two populations were ge
netically distinct. Two sources were used with the thought o f retaining 
the one that performed better in the hatchery and, after stocking, in the 
wild.

Biologists initiated a study to compare the performance o f the Ken
nebago and Sourdnahunk fish in the hatchery and in the wild. The Ken
nebago strain proved easier to rear in a hatchery environment. Their per
formance in the wild was then evaluated by three years o f season-long 
angler surveys and five years o f post-fishing season population estimates 
(Bonney 2002). Angler surveys indicated that harvest rates for the two 
strains were similar. However, a greater proportion o f the Kennebago fish 
were caught as older (age 11+ and greater) fish. The harvest rate o f Ken
nebago fish was 1.1 pounds per acre, compared to 0.7 pounds per acre 
for Sourdnahunk fish. Post-fishing season population estimates indicated 
similar abundance o f the two strains. However, Kennebago strain fish 
weighed more than the Sourdnahunk fish. More Kennebago fish were sex
ually mature at age I+, and all fish o f both strains were mature at age II+.

A brook trout is being stripped of its 
eggs, which are then fertilized with 
.male sperm and transported to a
h a t c h e ry . Forrest Bonney



Based on the results of this study, as well as relative performance of 
brood fish, the Kennebago strain has been retained as a brood line and 
the Sourdnahunk strain was abandoned in 2001. The domestic strains 
of brook trout were also retained— despite relatively poor longevity in 
the wild and poor rates o f egg hatching— because their superior growth 
rates resulted in higher survival in waters with interspecific competition. 
Furthermore, the two strains are being crossed with positive results.

Balancing the objectives of stocking programs with the genetic integ
rity of native fish will remain a conservation challenge. Historically, wild 
populations of brook trout were routinely supplemented with hatchery 
fish with little or no consideration for genetic implications. Currently, 
many lakes are stocked only if  the wild population cannot be protected 
from over-fishing through fishing regulations, and if stocked fish will not 
jeopardize neighboring, thriving wild populations. Many studies have 
concluded that generations of inbreeding in North Americas hatcheries 
have resulted in a loss o f wildness and an inability o f domestic strains to 
adapt to ecological conditions in the wild.
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CHAPTER SEVEN

Summary

The Maine Department of Inland Fisheries and Wildlife is responsible 
for managing Maine’s freshwater fisheries. One of its challenges is the 
oversight, protection, and enhancement o f brook trout populations state
wide. In practical terms, biologists use the tools described herein to man
age the hundreds o f brook trout waters within each o f the regions, and 
coordinate on a statewide level for consistency and innovation.

However, M D IFW  does not work in a vacuum. Anglers contribute 
tremendously to statewide brook trout management efforts. Department 
files contain angler correspondence dating back to the 1950s. These let
ters request surveys, stocking, or regulation changes, and alert biologists 
to poor fishing, restricted public access, and a host of other issues. Angler 
diaries provide us with information on fishing quality from hundreds of 
waters annually. Biologists work with individual anglers, fish and game 
clubs, working groups, organizations, and a host o f government agencies 
to resolve differences and to meet the needs o f anglers and angler groups. 
The well being o f the fishery always comes first.

Anglers are not a homogenous group and they often have conflict
ing ideas o f what they want from fisheries. Those conflicts are frequently



expressed as differing expectations regarding harvest vs. protection. As 
biologists, we try to reconcile these conflicting ideas by providing a vari
ety o f fishing experiences. Wild fisheries are given the most protection, as 
are those waters that have demonstrated an ability to produce large fish. 
Stocked fisheries can be managed more liberally, but many also produce 
exceptional fisheries in their own right with appropriate regulations and 
stocking rates. The process is one o f give and take, with the tolerance for 
restrictive regulations increasing in step with environmental awareness 
and a conservation ethic. The imposition o f restrictive regulations on 
hundreds of brook trout waters in 1996 was accepted by a majority of 
anglers through the public hearing process because, like biologists, they 
had come to see the value of protecting brook trout fisheries from over- 
exploitation. This effort has paid off in the restoration of older and larger 
brook trout in numbers not seen since the 1940s.

To manage brook trout successfully, fishery biologists must continue 
to collaborate with anglers, monitor the status o f the fishery, protect hab
itat, and maintain a healthy and thriving resource. In addition, biologists 
need to continue to conduct research to help guide management efforts. 
In years ahead, brook trout research needs to focus on the following top
ics:

• Genetic analysis to determine relationships among populations and 
to identify unique populations

• Maintenance o f lake water quality and restoration o f degraded stream 
reaches

• Monitoring of LURC Remote Pond brook trout populations to as
sure that they remain healthy

• Identification of the factors that result in superior brook trout growth 
so that special waters can be managed to maximize growth potential

• Development of a better understanding o f how diseases and parasites 
affect brook trout populations in the wild

• Development of effective strategies to prevent the spread of compet
ing fish species to brook trout waters.

In his book Brook Trout: A Thorough L ook a t N orth A m erica’s Great N ative 
Trout— Its History, Biology, an d  Angling Possibilities, author Nick Karas 
states, “Nowhere in the United States have brook trout achieved as much 
o f their maximum potential, in both size and numbers, as in the state 
o f Maine.” This precious resource is ours to enjoy, but— foremost— it is 
ours to protect.
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Chapter Seven: Summary

DEADW ATER B R O O K

Deadwater brook so winding.. .so still 
You surely do take me the long way around 
In your searching for every lowland nook 
While blind to each piece of honest ground.

Were it not for the guessing on what lies ahead 
And the things of the moment— guess before. 
Your winding around and then winding again 
Would keep a man thankful tbe end was in store.

And vet if I needed to know the one way 
That led all downhill between there and here.
Or all uphill between here and there,
Your gropings, no doubt, would salvage a year.

Perhaps in all passings from place up to place 
The round-about w'ay is the best way to go.
But my inclination’s to push straight ahead,
And welcome the fellow wrho chose to go slow.

—Keith Havey

Josh Royte/TNC
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Appendix 1 Qualifying brook trout registered in The One That Didn't Get 
Away Club, 1959-2000. The minimum qualifying weight was reduced from five 
to four pounds in the late 1970s, but only those weighing five pounds or more 
are listed here.

Year Name/Address
Size
(Ibs-oz, inches) 1 W ater

1959 John Dixon, Orrington 7-8, 25 Moosehead Lake
Patty Lou Winters, Waterville 7-4, 25 Messalonskee L
Arthur Rogers, So. Portland 6-12, 27 Moosehead Lake
Nicholas Diamond, Hartford, CT 6-6, 26 Moosehead Lake

1960 Tom Anderson, Jackson Hgts., NY 7-0, 24 Messalonskee L
Arthur Rollins, Rockwood 6-0, 25 Moosehead
Adrian Michaud, Eagle Lake 6-0, 21 Big Black Lake
James Morrill, Brunswick 5-12, 25 Moosehead

1961 Ronald Carnegie, N. Vassalboro 6-9, 23 Messalonskee Lake
Richard Pelkey, Bangor 6-4, 24 West Grand Lake
Clare Bousquet, Daytona Beach, FL 5-8, 23 Pierce Pond
Peter Korotie, Bristol, CT 5-6, 21.5 Pierce Pond

1962 Robert Ramsdell, Sanford 6-4, 23.5 Snow Pond
Lynn Tanner, Jackman 6-0, 24 Long Pond
J. George Rucker, Wakefield, MA 5-10, 22 Pierce Pond
Edward Byrne, Beverly, MA 5-8, 20.5 Pierce Pond

1963 William Jones, Putnam, CT 6-4, 24 Pierce Pond
Robert Moreau, Waterville 6-4, 22 Great Pond
George Kelly, Portland 6-3, 22.5 Pierce Pond
David S. Bertolotti, Jr., Bangor 5-14, 22 Great Pond

1964 Blaine Darling, Bangor 6-13, 23 South Branch
Aurele Fecteau, Waterville 6-6, 24 Great Pond
Cyra Charles, Mercer 6-0, 23.5 Great Pond
Judith Buzzell 6-0, 21.5 Great Pond

1965 Floyd Cobb, Lee 5-3, 20 Pierce Pond
1966 Alfred Rothfuss, Cranston, Rl 6-6, 21.5 Pierce Pond

Harold Osborn, Pawling, NY 6-0, 22.5 Shagg Pond
Sherman Saltmarsh, Winchester, MA 5-8, 22 Pierce Pond
Hyman Reznich, W. Roxbury, MA 5-3, 22 Chamberlain Lake

1967 Alfred Blake, Scituate, MA 5-11, 21.5 Pierce Pond
William Raeder, Newton Highlands, MA 5-5, 22.5 Pierce Pond
Dale Hilbourne, York 5-2, 20 Lower Wilson Pond
Charles Metcalf, Rowley, MA 5-1, 22.5 Pierce Pond
Roland Hiscock, Rockport, MA 5-0, 21 Sebago Lake
Christopher Percy, Simsbury, CT 5-0, 23 Pierce Pond

1968 C. Leslie Smith, Mount Desert 7-8, 27.5 Long Pond
Enzo Angelucc, New York, NY 6-8, 23 Square Lake
Richard York, Smithfield 6-0, 23 Great Pond
Anthony Malevich, Woburn, MA 5-13, 22 Pierce Pond
Frank Anderson, Bilerica, MA 5-6, 22 Rangeley Lake

1969 Antonio Bellavance, Belgrade Lakes 7-12, 24 Great Pond
Romeo Bourque, Augusta 7-12, 24 Great Pond
Mrs. P. Fairbanks, Jr., Old Saybrook, CT 7-0, 27 Eagle Lake
Mrs. Paul Miller, Amston Lake, CT 6-8, 24 Eagle Lake
Anthony Malevich, Woburn, MA 5-10, 22 Pierce Pond

1970 John DeCosta, Brockton, MA 7-0, 24 Great Pond
Joseph Sournier, Augusta 6-10, 25 Great Pond
William Hyer, Ridgefield, CT 6-4, 25 Pierce Pond
Robert Schick, Lincoln Center 6-4, 22 Carpenter Pond
Ralph Marceau, Livermore Falls 5-3, 22 Little Pil Isbury Pond

1971 Charles Reiche, Hartford, CT 5-5, 21.5 Pierce Pond
Vinal Applebee, Jr., Enfield 5-2, 21.5 Passadumkeag River
Eudell Drury, Mercer 5-2, 22 Great Pond, Belgrade
Jay Gardner, Augusta 5-1, 21.5 Rangeley Lake

1972 Frank Bickford. Mercer 6-12, 26 Great Pond Bekirade
1 Length rounded to nearest 1/2 inch
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Append ix 1 (continued)

Year Name/Address
Size
(Ibs-oz, inches) W ater

1972 George Michaud, Jr., Howland 5-8, 21 Second Chase Lake
Walter Daoust, Farmington 5-3, 20 Pleasant P, Caratunk
Ralph Marceau, Livermore 5-1, 22.5 Chamberlain Lake

1973 Mauno Kankainen, Kingfield 6-8, 21 West Carry Pond
Charles Baker, Shirley Mills 6-0, 24 Rum Pond
Carroll Grace, Tamworth, NH 5-4, 23 Kennebago River
Paul Borkowski, Waterville 5-4, 21 Pleasant P, Caratunk
Paul Lepore, Marlboro, MA 5-2, 22.5 Pierce Pond

1974 Lennis Holt, New Sharon 6-13, 23 Long P, Belgrade
Fred Burnham, Durham, NH 5-1, 22.5 Pierce Pond
William deBray, Woolwich, 5-0, 22.5 Crooked River

1975 Robert Smith, Peabody, MA 6-0, 22 Eagle Lake
Harry Getchell, Gorham 5-8, 23 Chamberlain Lake
Judston Gardiner, Windsor 5-8,21 Basin P, Fayette
Scott Holdsworth, Cumberland Ctr. 5-6, 22 Millimagasset Lake
Charles Douglass, Gorham 5-4, 22 Chamberlain Lake
Louis Kazanjian, Watertown, MA 5-4, 21.5 Eagle Lake
Lester Tibbets, Winthrop 5-0, 21 Basin P, Fayette

1976 Raymond H. Corey, So. Portland 5-8, 23.5 Moosehead Lake
Jon Thornton, Guilford 5-5,23 Chamberlain Lake
Stuart Smith, Fort Kent 5-5, 24 Eagle Lake

1977 Fred Chase, Falmouth 5-15 Chamberlain Lake
Robert Briggs, Bangor 5-6, 22 Lobster Lake

1978 Peter Grant, Gardiner 6-1,25 Moosehead
Donald Doyan, Fairfield 5-4, 21 Haymock Lake
Joel Morin, Madawaska 5-1,20.5 Long Lake, St. Agatha
Paul Ward, Princeton 5-0, 24 Indian Pond, T7R12

1979 James Foster, Howland 8-8, 25 Black Pond, T15R9
Neil Tikander, West Paris 7-5, 26 Kennebago River
Ralph Pelletier, Ft. Fairfield 7-1,26 Monson Pond
Charles Cox, Sr., Auburn 6-5, 21.5 Little Jim Pond
Douglas Taylor, Gardner, MA 6-4, 22 Pierce Pond

1980 John Stolecki, Shirley 6-10, 22 Moosehead Lake
Timothy McLellan, Clinton 6-8, 24 Moosehead Lake
David Marshall, Fairfield 5-7, 23 Moosehead Lake
Everett Higgins, South China 5-4, 22 Moosehead Lake
Monie Hobbs, Kittery 5-4, 24.5 Moosehead Lake

1981 Stanley Williams, East Wilton 7-10, 26 Moosehead Lake
Jolyn Poulin, Fairfield 6-6. 23 Great Pond, Belgrade
Gus Monroe, Farmington 6-4, 22 Dead Stream Pond
Kathryn Cameron, Bath 5-8, 25 Moosehead Lake
Winfield Stubbs, Sr., Bangor 5-8, 24.5 Moosehead Lake

1982 None 5 pounds or greater
1983 Sheryl Ann Wiley, Kenduskeag 7-0, 25.5 Moosehead Lake

Brian Jacques, Waterville 6-9, 25 Moosehead Lake
Ansel Hill, Augusta 6-0, 25 Moosehead Lake
John Reid, Orrs Island 6-0, 25 Moosehead Lake
Willard Steeves, Clinton 5-10, 24.5 Moosehead Lake

1984 Darcey Labbe, Eagle Lake 7-12, 23 Big Black Pond
Eugene Burgess, Bowdoinham 6-5, 25 Moosehead Lake
Mike Michaud, Eagle Lake 6-1, 22 Big Black Pond
Henry Sockbeson, Jr., Bangor 6-0, 24 Moosehead Lake
Hazen Stover, Augusta 5-14, 23 Moosehead Lake
Linanne Nye, Belgrade Lakes 5-8, 23.5 Moosehead Lake
Ernest Niles, Quechee, VT 5-8, 22 Upper Richardson Lake

1985 Dr. Ferris Ray, Falmouth 7-8, 24 Pierce Pond
Mike Black, Winslow 6-2, 22.5 Moosehead Lake
Andre Brouchu, Stratton 6-1, 24 Indian Pond, T1R6
Stanley Pirog, Elmwood Park, NJ 5-12, 24 Moosehead Lake
William LaFlamme, Old Town 5-8, 24 Eagle Lake, T8R13
Linwood Mounton Gardiner 5-7, 23.5 Moosehead Lake
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Appendix 1 (continued)

Year Name/Address
Size
(Ibs-oz inches) W ater

1985 David Harvey, Corinna 5-6, 24 Moosehead Lake
1986 Robert Anderson, New Britain, CT 6-6, 23 Somerset County

Charlie Burnham, Durham, NH 6-0, 21.5 Pierce Pond
Lionel Guay III, Lewiston 5-12, 24.5 Moosehead Lake
Robert Larson, Aurora 5-12, 22 Long Pond, Aurora
Harland Clemens, Farmington 5-10, 24.5 Moosehead Lake
William End, South Freeport 5-6, 21.5 Pierce Pond

1987 Omer Lebel, Van Buren 8-4, 24 Long Lake, T17R3
Robert Kennedy, New Portland 7-8, 24
Scott Snell, Greenville Junction 6-8, 25 Kennebec River
Lucien Poulin, Augusta 6-0, 22.5 Great Pond, Belgrade
Reginal Kimball, Millinocket 5-5, 23 Smith Pond, Indian Twp.

1988 Cathy Cable, Livermore 6-4, 26 Pleasant Pond, Turner
Leo Smith, Palermo 5-12, 23 Chamberlain Lake
Roxanne Handville, Norway 5-4, 22 Hill Pond, Patten
Kathi Clark, Casco 5-2, 18 Norway Lake

1989 Gerald Lapierre, Van Buren 6-12, 22 Long Lake, St. Agatha
Mark Hoffman, Nobleboro 6-4, 23.5 Lincoln County
Rick Leathers, Milo 5-8, 23 Eagle Lake
Michael Gross, Stockton Springs 5-6, 24 Tunk Lake
Gerald Michaud, Patten 5-4, 22 Aroostook Pond
Dwight Gurney, Mexico 5-3, 22.5 B Pond, Upton

1990 Bob Williams, Portland 6-8, 22
Jeff Clifford, North Edgecomb 5-14, 23.5 Little P, Damariscotta
Philip Winslow, Islamutada, FL 5-5, 23 Moosehead area
Terrance Mason, Augusta 5-4 Echo Lake, Mt. Vernon
Simonetta Mason, Augusta 5-2 Echo Lake, Mt. Vernon
Davis Violette, Rumford 5-0, 20 Ellis Pond, Roxbury

1991 John Keen, North Anson 6-12, 23 The Forks area
Michael Espeaignette, Cumberland 6-6, 23 Middle Range Pond
Roger Kolterman, Falmouth Foreside 6-3, 23 Richardson Lake
Joe Sargent, Casco 6-3, 21 Coffee Pond, Casco
Marie Witas, Rumford 5-12, 24 B Pond, Upton
Robert Field, Monmouth 5-10, 20 Parker Pond, Fayette
David Lundgren, Billerica, MA 5-9, 27 Long Lake, St. Agatha
Bertrand Bronn, Scarborough 5-8, 23 Middle Range Pond
David Small, Cumberland 5-5, 21 Range Pond, Poland

1992 Jeffrey Taylor, Rockland 6-8, 26 Meadow Brk, Rockland
1993 None
1994 Robert Cayford, Augusta 6-4, 20.5 Togus Pond, Augusta

Arline Popsham, East Corinth 6-4, 22 Chamberlain Lake
Tony Morrissette, Augusta 5-8,21.5 China Lake

1995 Stacie Severance, Brewer 7-0, 24 Long/Great P, Aurora
Jeff Aten, Scarborough 5-5, 23
Glen Sparks, Saco 5-4, 20 Pond in Chesterville

1996 Bob Dumais, Vassalboro 5-0, 23 Grass P, Pierce P.Twp.
1997 James Cressey, Arundel 6-11 Mousam Lake

David Emery, East Millinocket 6-2 Northern Maine
Chris Bogue, Wells 5-8 Mousam Lake
Gerald Nadeau, Jr., New Auburn 5-8 Bretton Pond
Ryan Parlin, Fairfield Center 5-3 Chamberlain Lake
Walter Hichens III, Berwick 5-0 Mousam Lake

1998 Bill Chase, East Parsonsfield 7-4 Trafton Pond
Scott Carbone, Waterboro 6-6 Lyman
Joseph Porter, North Yarmouth 6-5 Crystal Lake
Dana Hagerthy, Bath 5-15 Crystal Lake
Peter Brown, Portsmouth, NH 5-14 Cold Rain Pond
Sterling Wallingford, Rochester, NH 5-8 Littlefield Pond
Mike Gamash, Old Orchard 5-4 Moose Pond
Jim Berard, Sanford 5-1 Springvale
Henry Porter North Yarmouth 5-0 Cr/stal Lake

137 n %



Squaretails: Biology and Management of Maine's Brook Trout

Appendix 1 (continued)

Year Name/Address
Size
(Ibs-oz, inches) W ater

1999 Donald Brown, Randolph 6-10 Richardson Lakes
Robert Philbrick, Sidney 5-13 Moosehead Lake
Charles Pomeroy, Fairfield 5-10 Secret Pond
Andrew Cayer, Oakland 5-8 Moosehead Lake

2000 Terry Sawyer, Belgrade 6-0 Little Jim Pond
Randall Pelletier, Vassalboro 5-3 Mooselookmeguntic Lake
Peter Milliken. Durham 5-1 Richardson Lakes
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Appendix 2 Waters zoned as Remote Ponds as of 1990.
Lake Name Town Acres Lake Name Town Acres
Alligator P TAR11 WELS 47 Currier P (First) TC9 R11 WELS 20
Aziscohos P Magalloway Pit 12 Currier P (Second) T09 R11 WELS 28
Baker P Bowdoin Col Gr. West 10 Daisey T02 R10WELS 11
Bean P T02 R12WELS 16 Debsconeag P (6th) T01 R11 WELS 31
Bean P (Lower) Rainbow Twp. 37 Dingley P (Little) T04 R06 NBKP 17
Bean P (Middle) Rainbow Twp. 10 Dingley P (Upper) T04 R05 NBKP 20
Bean P (Upper) Rainbow Twp. 25 Dipper P Pittston Acad. Grant 13
Bear Brook Bog T06 R15 WELS 15 Dixon P Pierce Pond Twp. 17
Bear P T06 R15 WELS 138 Doughnut P Rainbow Twp. 12
BearP Rainbow Twp. 30 Dubois P Prentiss Twp. 18
Beattie P Beattie Twp. 27 Eddy P Sandy River Pit. 9
Beaver P T03 R11 WELS 15 Enchanted P (Little) Upper Enchanted Twp. 35
Beaver P (Big) Rainbow Twp. 45 Fogg P Bowdoin Col. Gr. West 23
Beaver P (Little) Rainbow Twp. 8 Foley P (Little) Comstock Twp. 35
Beaver P (Little) T03 R11 WELS 10 Fowler P T03 R11 WELS 19
Benjamin P Attean Twp. 121 Frost P (Little) T03 R12 WELS 35
Birch Ridge P # 1 TA R11 WELS 11 Gardner L T15R09 WELS 288
Black L T15R09 WELS 147 Gauntlet P TBR10WELS 11
Black P (Little No) T15 R09 WELS 6 Green Mtn. P R06 R06 WELS 10
Black P (Little So) T15 R09 WELS 7 Gordon P Upper Enchanted Twp. 26
Bluff P Frenchtown Twp. 10 Gould P Rainbow Twp. 12
Bluffer P (Upper) T08 R11 WELS 15 Hafey P T18R11 WELS 23
Boardway P (Big) TA R11 WELS 15 HaleP Alder Brook Twp. 40
Boulder P T05 R07 BKP WKR 30 Hall P Prentiss Twp. 19
Bowlin P (Little) T05 R07 WELS 34 Harrington P T03 R11 WELS 40
Brackett P Blanchard Pit. 10 Hathorn P T04 R08WELS 15
Branch P (Middle) T05 R09 NWP 34 Hathorn P (Little) T04 R08WELS 8
Brayley P T07 R10 WELS 6 Hedgehog P T01 R11 WELS 5
Buck P Rainbow Twp. 6 Helen P Pierce Pond Twp. 15
Cape Horn P Prentiss Twp. 22 High P Pierce Pond Twp. 7
Cedar P Holeb Twp. 6 Holbrook P Rainbow Twp. 224
Cedar P T8 R10WELS Horserace Ponds Rainbow Twp. 50
Chairback P (East) T07 R09 NWP 46 Horseshoe P T16R09 WELS 15
Chairback P (West) T07 R09 NWP 47 Horseshoe P Attean Twp 50
Chase Stream P Misery Twp. 31 Houston P (Little) Katahdin Iron Wks Twp. 27
Chesuncook P T03 R11 WELS 272 Hurd P (Little) T02 R10 WELS 60
Clayton P T06R17WEL5 76 reland P T07 R08 WELS 30
Clear P Lowelltown Twp. 21 Jackson P # 1 T03 R11 WELS 23
Clearwater P Attean Twp. 34 Juniper Knee P Elliottsville Twp. 32
Clearwater P Prentiss Twp. 11 Kelly P T02 R12 WELS 60
Clifford P Rainbow Twp. 17 Lane P Comstock Twp. 24
Clish P T05 R20 WELS 21 Lane Brook P T06 R06 WELS 33
Cranberry P Bowdoin Col. Gr. West 7 Lang P Parlin Pond Twp. 30
Lang P (Little) Parlin Pond Twp. 13 Snake P Johnson Mtn. Twp. 8
Ledge P Sandy River Pit. 6 Socatean P # 1 Plymouth Twp. 42
Line P T05 R20 WELS 7 Socatean P # 2 Plymouth Twp. 14
Long Bog Holeb Twp. 19 Speck P Grafton Twp. 9
Long P Attean Twp. 37 Spring P T07 R10WELS 15
Long P (Little) T10SD 55 Spruce Mountain P TB R11 WELS 20
Loon P Attean Twp. 37 Squaw P (Big) Little Squaw Twp. 91
Loon P T01 R11 WELS 5 Squaw P (Little) Little Squaw Twp. 25
Lost P Attean Twp. 8 St. John P (Second) T04R17WELS 108
Mary Petuche P Prentiss Twp. 10 St. John P (Third) T04 R17WELS 190
McKenna P T03 R11 WELS 53 St. John P (Lower 1 st.) T04R17WELS 29
McKenney P Upper Enchanted Twp. 9 St. John P (Upper 1st.) T04R17WELS 30
Messer P T05 R08 WELS 27 >tratton P Rainbow Twp. 15
Midway P Sandy River Pit. 7 Sunday P Magalloway Pit. 30
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Lake Name Town Acres Lake Name Town Acres
Minister P (Big) T02 R10 WELS 15 Swift River P (Little) Township E 15
Minister L (Little) T02 R10WELS 4 Tilden P T10 SD 36
Mountain Catcher P T06 R08 WELS 84 Tobey P # 1 T05 R07 BKP 35
Mountain P Beaver Cove 56 Tobey P # 2 T05 R07 BKP 32
Mountain View P TA R11 WELS 18 Tobey P # 3 T05 R07 BKP 14
Moxie P Township D 6 Trout P Kossuth Twp. 5
Mud P Township 6 N of Weld 6 Trout P Mason Twp. 17
Murphy P TA R11 WELS 12 Trout P Lowelltown Twp. 55
Murphy P (Big) Rainbow Twp. 15 Trout P Bowdoin Col. Gr. West 20
Muscalsea P (Big) Russell Pond Twp. 14 Tumbledown Dick P T01 R11 WELS 24
Muscalsea P (Little) Russell Pond Twp. 11 Tumbledown P Township 6 N. of Weld 9
Notch P Bowdoin Col Gr West 10 Turtle P Lake View Pit. 81
Notch P (Big) Little Squaw Twp. 12 Twin (Trout) Ponds T02 R09 WELS 60
Notch P (Little) Little Squaw Twp. 10 Two Mile P T16R13WELS 12
Papoose P Little Squaw Twp. 8 Unnamed P Comstock Twp. 15
Pitman P T02 R10WELS 20 Unnamed P Attean Twp. 12
Polly P T03 R11 WELS 15 Unnamed P Attean Twp. 5
Porter P T03 ND 58 Unnamed P Comstock Twp, 20
Rabbit P T01 R11 WELS 10 Unnamed P T05 R07 BKP WKR 10
Rabbit P Elliottsville Twp. 10 Unnamed P Holeb Twp. 2
Rainbow Deadwaters Rainbow Twp. 58 Unnamed P Parlin Pond Twp. 7
Rainbow P T10 SD 17 Unnamed P T06R15WELS 8
Reed P (Little) T08 R10WELS 25 Wadleigh P (Little) T08 R15 WELS 15
Ripogenus P T04 R12 WELS 76 Welman P (Upper) Prentiss Twp. 45
Roach P (Fourth) Shawtown Twp. 26 Wing P Skinner Twp. 10
Roach P (Seventh) TA R11 WELS 33 Woodman P Rainbow Twp. 6
Roach P (Sixth) Shawtown Twp. 48 Wounded Deer P Prentiss Twp. 12
Robar P (Big) T04 R08 WELS 7
Roberts P T05 R20 WELS 19
Rocky P (Little) TA R11 WELS 12
Round P Appleton Twp. 5
Saddleback P Sandy River Pit. 13
Secret P Elliottsville Twp. 12
Slaughter P T03 R11 WELS 66
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Abagedasset River, anadromous brook trout in, 48t 
ABF. see Aquatic base flow 
Abundance, of Maine brook trout, 33, 35 

early records, 2-3, 3t 
season-long surveys, 14-16, 15t 

Acadia National Park, 21, 47 
Acid precipitation, 85-86 
Age, of Maine brook trout, 31-33 

determining, 28f, 102, 102f
Age and growth in northern Maine streams survey (1959-1962), 92t 
Age classification, of Maine brook trout, 121 
Airplane transport, of fish stock, 121, 122f, 123b 
Alevins, 30
Alewife, non-native, 79t
Alkalinity, water, 42
Allagash River, mercury levels in, 77
Allagash Stream, habitat survey (2006), 99t
American Rivers, 100b
Amphipods, 52f
Anadromous brook trout, 47-50
Andrews, Philip

comparative study of hatchery-reared brook trout strains, 128 
six-inch length limit removal study (1970-1974), 92t 
stocking rates in lakes and ponds study (1970-1976), 92t 

Androscoggin River
fish consumption advisory for, 77-78 
illegal introduction of smallmouth bass into, 81-82, 811 

pollution in, prior to Clean Water Act, 77b 
water temperature and habitat degradation in, 84b 

Androscoggin watershed, 24
genetic variation studies o f brook trouc in, 22t, 23-24 

Angler correspondence, and input, 131-132 
Anglers Protective Association, 6 
Angler surveys, 103, 107-108 
Animal predators, 55 
Ants, 52f
Aquatic base flow (ABF), 104 
Arctic char, 18
Arnold, Benedict, journal entries, 2-3 
Arnold Brook Lake, 125

147



Aroostook River 
alkalinity of, 42
brook trout harvesting studies of, 15t 
brook trout migration in, 37-38, 38t 
fish movement study (1992-1996), 92t 

Aroostook River drainage, bulldozing in, 72-73 
Assinica strain, 127
Auburn Lake, see also East Auburn (Auburn Lake) Hatchery 

4 lb-and-over trout, 34t 
AuClair, Roger

long-term study of Johnston Pond and Jo-Mary Pond, 92t 
Moosehead Lake management, 46-47, 73 
Socatean Stream study (1956-1961), 30, 37, 92t 
Sourdnahunk Stream habitat restoration, 94-95 

Avian predators, 55
Aylesworth, Chris, and restoration project in Cupsuptic River, 96b

B
Bacillus thuringiensis, 85 
Backpacking transport, o f fish stock, 121 
Bacterial diseases, 58, 59t
Bagaduce River, anadromous brook trout in, 48t
Bag limit(s), 6, 107
Baker Pond, genetic variation studies of brook trout in, 22t 
Basin Pond, 127 
Basley, David (Dave), 37

Aroostook River- fish movement study (1992-1996), 92t 
Bass

habitat degradation by introduction of, 80b, 81-82 
non-native, 79t

Bean Pot Pond, genetic variation studies of brook trout in, 22t 
Bear Pond, genetic variation studies o f brook trout in, 22t 
Beaver dams, and brook trout habitat, 86-88 
Beaver Pond, brook trout harvesting studies of, 15t 
Bemis Stream

brook trout raised in, 113-114 
habitat survey (2002) of, 99t 

Bernatchez, L., genetic study (1997-1998), 92t 
Big Hudson Brook, habitat restoration of, 94, 94t 
Bill Morris Pond, 4 lb-and-over trout, 34t 
Bioenergetics, 119
Biological indicators, of water quality, 100-101 
Biology

of Maine brook trout, 25-40 
of wild trout populations in lakes (1994-2001), 92t 

Bird predators, 55
Black Brook, beaver dam study on, 88 
Blacknose dace, 5I f  
Black Pond, 8b

brook trout harvesting studies of, 15t
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Black River, anadromous brook trout in, 48t
Black spot disease, 56-57, 67f
Black Stream, habitat restoration of, 94t
Bobber fishing, 11
Bond, Lyndon (Lyn), 75, 92t
Bonney, Forrest

biology of wild trout populations in lakes (1994-2001), 92t 
copepod study (1994-2000), 92t 
genetic study (1997-1998), 92t
strain comparison (Kennebago vs. Sourdnahunk) (1997-2001), 92t 

Bourque, Peter, 99f 
Branch Brook, 37

anadromous brook trout in, 47, 48t 
brook trout movement over beaver dams, 87 
stocking evaluation (1959-1965), 92t, 124 

Branch Pond, genetic variation studies of brook trout in, 22t 
Brokaw, Ron, 53

study of beaver dams and brook trout population, 88 
Brook trout, 17-18. see also Maine brook trout 

distribution of, 19-21, 19f 
origin and distinguishing features of, 17-19 
sea-run, 47-50 
strains of, 127-130

Brown Brook Pond, genetic variation studies of brook trout in, 22t 
Brown trout, 66f

non-native, 79-81, 79t 
B Stream

genetic variation studies o f brook trout in, 22t 
habitat restoration of, 94t 

Bulldoze law, 93
Bulldozing, streams and rivers, 72-73, 72f, 94

C
Caddisfly larvae, 52f
California Brook, habitat restoration of, 94t 
Caribou Dam fishway, studies o f brook trout migration, 37-38, 38t 
Caribou Hatchery, 88, 114, 115, 116 
Carleton Stream, anadromous brook trout in, 48t 
Castric, V., genetic study (1997-1998), 92t 
Catch-and-release fishing, 7-8, 108-109, 110, 112f 
Catch rate, average, 13-14 
Cathance Lake, habitat restoration of, 94 
Cathance River, anadromous brook trout in, 48t 
Chamberlain Lake 

4 Ib-anu-over trout, 34t 
age and size o f fish in, 33, 35 

Chamberlain Lake study (2001-present), 92t 
Chandler River, anadromous brook trout in, 48t 
Channelizing, streams and rivers, 72-73, 72fi 93-94 
Char, 18
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Chub, 54, 55f
water temperature and competition with, 84b 

Clean Water Act (1972), 76 
Climate change, in habitat degradation, 82-84 
Clish Pond, genetic variation studies o f brook trout in, 22t 
Color, of Maine brook trout, 19, 64f 
Competition

with non-native species, 78-82, 79t 
with other species, 53-54, 84b 

Conservation, of Maine brook trout, 6-10 
organizations contributing to, 9-10 

Conyngham, Jock, 96b 
Cooper, Gerald P., 40

first state-wide systematic fishery survey, 90 
quantitative analysis of brook trout diet, 50 

Copepod study (1994-2000), 92t 
Cousins River, anadromous brook trout in, 48t 
Crosby, Cornelia, 3, 5, 6
Crosby Pond, brook trout harvesting studies of, 15t 
Culturist(s), fish, 117
Cupsuptic Pond, brook trout growth rate in, 109b 
Cupsuptic River, 24, 26

brook trout harvesting studies of, 15t 
habitat restoration of, 94t, 95f, 96b 
habitat survey (1997) of, 99t

D
Dams, and obstructions

beaver, and habitat alteration, 86-88 
habitat degradation by man-made, 73-76
man-made, in Aroostook, Franklin, Penobscot, Piscataquis counties, 75, 75t 

Danner, Russell, 118b
study of effects o f angling on spawning salmonids, 112 

D D T insecticide, 78, 85 
D D T insecticide studies (1958-1960), 92t 
Dead River

alteration of, for log driving, 74 
bulldozing on South Branch of, 72f, 73 

Dead River Company, 74 
Deadwater Brook (Keith Flavey), 133 
Deboullie area, 24
Deboullie Lake, genetic variation studies o f brook trout in, 22t 
Deer Meadow Brook, anadromous brook trout in, 48t 
Degradation of habitat, see Habitat degradation 
Denny Pond, angler survey, 107-108 
DeRoche, Stuart (Stu), 37, 75

Branch Brook stocking evaluation (1959-1965), 92t, 124 
DeSandre, Raymond (Ray), 77b

Quimby Pond study (1977-1981), 92t
Rangeley project-fish movement study (1958-1970), 92t
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Dickey-Lincoln School dam, 77 
Diet, 50-53, 5 It

competition for food and change in, 54 
invertebrates in, 52f 
small fish in, 5 If  

Dioxins, 78
Diseases, 58-59, 59t, 67f
Dissolved oxygen levels, 40-43
Distinguishing features, o f Maine brook trout, 18-19
Distribution, o f Maine brook trout, 19-21, 20f
Domestic strain, o f Maine brook trout, 127-129, 130
Dragonfly larvae, 52f
Dry flies, 12t
Ducktrap River, anadromous brook trout in, 48t 
Durgin Brook, 44f 
Dystrophic lakes, 46b

E
Eagle Lake (Mt. Desert Island), winter harvest rates, 107 
East Auburn (Auburn Lake) Hatchery, 114, 115, 116 
Eastern Brook Trout Joint Venture, 17, 21 
Eastern River, anadromous brook trout in, 48t 
East Machias River, habitat survey (1984) of, 99t 
Echo Lake, 27, 47 

diet studies o f brook trout in, 52-53 
Eckstorm, Fanny, 2 
Ecology, of Maine brook trout, 50-59 

competition with other species in, 53-54 
diet in, 50-53, 511 

diseases in, 58-59, 59t 
parasites in, 55-58, 56t 
predation in, 54-55

Economic value, o f freshwater fishing, 12-13, 13t 
Edes Falls Hatchery, 114, 115 
Eggs, and hatchlings, 30
Egypt Pond, brook trout harvesting studies of, 15t 
Egypt Stream, anadromous brook trout in, 48t 
Electrofishing, 102, 102f 
Embden Rearing Station, 118
Environmental conditions, causing illness and death, 58, 59t 
Eutrophic lakes, 46b

F
Fall fingerlings, stocking, 121, 124 
Fallfish, 55f
Fall yearlings, stocking, 121, 123-124 
Families, and fishing, 10-12 
Fay, Clem, 2
Fecundity, o f brook trout, 28-29, 29t
Federal Energy Regulatory Commission (FERC), 103-104



Squaretails: Biology and Management of Maine's Brook Trout

Fenderson, Carll, 73
Fenderson, Owen, 92t
Fingerlings, age of, 28f
Fish consumption advisories, 77-78, 78b
Fish culturists, 117-118
Fisheries Initiatives, 110
Fisheries management, see Management
Fisheries research projects, long-term, in 1950s and 1960s, 91-92, 92t 
Fisheries surveys, 101-103
Fishery Division, o f Maine Fish and Game Dept, 90-92 
Fishes o f  M a in e  (Havey), 27b 
Fish hatchery(ies), 113-118

brook trout strains reared in, 127-128 
early Fish and Game Dept, 114-117, 115t 
first state-owned, 88, 114 
history of, in Maine, 113-117, 114b
operated by Maine Dept, of Inland Fish and Wildlife, 117-118, 117f 
private, 113-117
wild brook trout strain development in, 129-130 

Fishing, Maine brook trout, 1-16 
conservation of, 6-10 
early records, 2-3, 3t 
economic value of, 12-13 
family involvement in, 10-12 
history of, 1-6 
measuring success of, 13-16 
ways to catch trout in, 11-12 

Fishing gear restrictions, 110-112 
Fishing regulation(s), 10, 105-110 

from 1880s through 1960s, 105-108 
in 1970s, 108 
in 1980s, 108-109 
from 1990s to present, 109-110 
alternate year closure, 108 
catch and release, 108-109 
complicated, 109b 
early, 105-106 
history of, 106-107 
length and bag limits in, 106-107
and programs to encourage quality brook trout fishing, 108 
ten inch length limit in, 109-110 
winter, 107 

Fish pathologist, 117 
Fish predators, 54-55
Fish screens, privately constructed, 75t, 76 
Fishways, 103, 103f 
Flagg, Lewis, 47
Flanders Stream, anadromous brook trout in, 48t 
Flooding, in habitat degradation, 69-70
Florida Power-Light-Electric, brook trout movement studies, 38-40
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Flow agreements, current management of, 103-104
Flow rate, see Water flow rates
Fly-fishing, 11
Fly Rod Crosby, 3, 5, 6
Fly Rod Crosby Collection, 6f, 7f
Fly tying, 11, 12t
Foster, Robert, 9 f
Free fishing weekends, 10-11
Fry

age of, 28f
stocking, 121, 124, 126b 

Fungal diseases, 58, 59t 
Fyke net, 101, 101 f

G
Galilee Pond, angler survey, 107-108
Gallagher, Merry, stream monitoring study (1990-present), 92t 
Gear restrictions, 110-112 
General law fishing, 111
Genetics, o f Maine brook trout, 21-24, 22t, 127-130 
Genetic study (1997-1998), 92t 
Gill lice, 56-57, 67f 
Gill net, 101
Goddard Brook, habitat restoration of, 94t 
Goose River, anadromous brook trout in, 48t 
Grass Pond, 4 lb-and-over trout, 34t 
Great Northern Paper Company 

stream restoration project, 94 
timber harvesting and stream/river alteration by, 73 

Great Pond, 4 lb-and-over trout, 34t 
Griffin, Dixon, 8b
Growth, o f Maine brook trout, 31-33 

variability of, in fishing waters, 109b

H
Habitat, 40-50, 63f

brook trout preferences in, 53-54
in lakes, 45-47 {see also Lake and pond habitat; Lakes and ponds) 
projects for, 94t
protection of, current management of, 92-93 
restoration of, current management, 93-97
in streams, 43-45 (see also Stream and river habitat; Streams and rivers)
surveys of, current, 98-101, 99t
water quality of, 40-43 (see also Water quality)

Habitat degradation, 69-73 
acid precipitation in, 85-86 
bulldozing in, 72-73 
climate change in, 82-84 
by competition with non-native fish, 78-82, 79t 
dams in, 73-76
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flooding in, 69-71 
pollution in, 76-78 
sedimentation in, 71-72 
spruce budworm spraying in, 84-85 

Habitat generalists, 43-44 
Habitat Suitability Index (HSI), 98 
Habitat surveys, current management of, 98-101 
Hadlock Stream, 26
Hafey Pond, genetic variation studies o f brook trout in, 22t
Hamilton Brook, anadromous brook trout in, 48t
Hancock Pond (Denmark), 24
Hanson, Bill, 36b
Hatch, William, 70
Hatchery(ies), fish, 113-118

brook trout strains reared in, 127-128 
early Fish and Game Dept, 114-117, 115t 
first state-owned, 88, 114 
history o f  in Maine, 113-117, 114b
operated by Maine Dept, of Inland Fish and Wildlife, 117-118, 117f 
private, 113-117
wild brook trout strain development in, 129-130 

Hatchery-reared brook trout, performance o f  127-130 
strains and, 127-130 
studies o f  127, 128, 129-130

Hathorn Pond, genetic variation studies of brook trout in, 22t 
Havey, Keith, 92t

longevity study (1972-1985), 92t 
spawning studies, 27, 27b, 37 
winter harvest rate documentation, 107 

Hay Pond, genetic variation studies o f brook trout in, 22t 
Heterozygosity, of breeding populations, 23 
History

of hatcheries in Maine, 127-129 
of Maine brook trout fishing, 1-6, 105-106 
of Maine fishing regulations, 106-107 
of stocking fish in Maine waters, 113-117 

Hobart Stream, anadromous brook trout in, 48t 
Hooked on Fishing—N ot on Drugs program, 10 
Hooking mortality studies, 111-112, l i l t  
Hookworm, 67f
Horns Pond, back packing trout fry into, 121 
Horseshoe Pond, genetic variation studies o f brook trout in, 22t 
HSI (Habitat Suitability Index), 98 
Humpback brook trout, 23-24, 24f

I
Ice-out dates, changes in, 83 
Illegal fish species, 78-82 
Indian Pond, 4 lb-and-over trout, 34t 
Indian River, 50
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Infectious pancreatic necrosis, 58, 118b 
International Paper Inc., 118b 
Intervale Brook, habitat restoration of, 94t 
Isaak Walton, 109b
Isacc Walton League of America, volunteers for habitat surveys, 99f 
Island Pond, reclamation of, 104-105 
Isopods, 52f

J
Jamies Pond, 125 
Jerry Pond, 125
Jim Pond, 4 lb-and-over trout, 34t 
Johnson, Paul, 97-98
Johnson Pond, genetic variation studies o f brook trout in, 22t 
Johnston Pond

brook trout harvesting studies of, 15t 
long-term study (1960-1966), 92t 
smelt feeding on trout fry in, 51-52 
spawning studies, 29-30, 29t 

Jo-Mary Pond
brook trout harvesting studies of, 15t 
long-term study of (1960-1966), 92t 
reclamation of, 105 

Jordan Stream, 26
anadromous brook trout in, 47

K
Karas, Nick, 132 
Kendall, William C.

on ecological approach to fisheries management, 116-117 
study of Rangeley Lakes fisheries, 50, 51, 90 

Kennebago Lake, genetic variation studies o f brook trout in, 22t 
Kennebago River, 24, 26

brook trout from, strain development, 129-130 
habitat survey (1984) of, 99t 
seining spawning brook trout in, 127f 
spawning studies in, 29, 29t 

Kennebago strain, of Maine brook trout, 129-130 
Kennebec Bay tributaries, anadromous brook trout in, 48t 
Kennebec Log Driving Company, 74 
Kennebec River

brook trout migration studies in, 38-39, 39f 
fish consumption advisory for, 77-78 
illegal introduction of smallmouth bass into, 81-82, 811 

water temperature and habitat degradation in, 84b 
Kennebec watershed, genetic variation studies o f brook trout in, 22t, 23-24 
Keys Pond, 4 lb-and-over trout, 34t 
Kid fishing waters, 10 
Kilgore Pond, 4 lb-and-over trout, 34t 
Killifish, 5 If
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Kimball Pond, brook trout harvesting studies of, 15t

L
Lackey, Robert, 47, 52-53
Lake and pond habitat, 45-47- see also Lakes and ponds 

degradation of 
by acid precipitation, 85-86 
by climate change, 82-84 
by non-native fish species, 78-82 
by spruce budworm spraying, 84-85 

Lakes and ponds, see also Lake and pond habitat 
fisheries surveys of, 101-103 
Maine brook trout in, 20-21, 2 0 f 31-33 
with principal brook trout fisheries, 46t 
remote, designation of, 97-98, 139-140 
stocking rates, o f brook trout, 119-124 
types of, 46b 

Lake trout, 18, 66f 
Landlocked Atlantic Salmon, 66f 
Largemouth bass, see Bass 
Later, Charles, 123b
Leech infestation, in Quimby Pond, 57-58 
Length limit(s), six inch, 106-107 
Length limit removal study, six-inch (1970-1974), 92t 
Little Moose Pond, brook trout harvesting studies of, 15t 
Little Pond, 4 lb-and-over trout, 34t 
Locke, David (Dave), 41, 73 

longevity study (1972-1985), 92t 
study of trout stocking by airplane, 123b 
winter harvest rate documentation, 107 

Log driving dams, 73-76, 74f 
Longevity, of Maine brook trout, 31-33, 127, 128-129 
Longevity study (1972-1985), 92t
Long Pond (Denmark), brook trout harvesdng studies of, 15t 
Lost Pond, genetic variation studies of brook trout in, 22t 
Lurvey Spring, 26

Machias River
Big, brook trout harvesting studies of, 15t 
Litde, genetic variation studies of brook trout in, 22t 

MacMillan, John, 44 
Magalloway River, 24, 26

genetic variation studies o f brook trout in, 22t 
habitat survey of, 99t, 100b

Maine brook trout, 17-24, 64f. see also Fishing, Maine brook trout 
abundance of, 33, 35 
early records, 2-3, 3t 
season-long surveys, 14-16, 15c 
age of, 31-33

M
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determining, 28f
biology of, 25-40
color of, 19
diet of, 50-53, 5 I t
distinguishing features of, 18-19
distribution of, 19-21, 20f
domestic strain of, 127-129, 130
ecology of, 50-59
eggs and hatchlings of, 30
genetics of, 21-24, 22t
growth and longevity of, 31-33
habitat of, 40-50
humpback, 23-24, 24f
immature, with pear-shaped marks, 65f
key morphological traits of, 18f
longevity, o f and egg mortality, 127, 128-129
management of, 88-112
current, 88-92
early 88-92
hatcheries in, 113-118, 127-130 
stocking policy in, 119-130 
movement and migration of, 35-40 
origin of, 17-18 
Penobscot word for, 2
raising and stocking, 113-132 (see also Hatchery(ies); Stocking policy) 
sea-run, 47-50
spawning habitat and behavior of, 25-31, 27b
State record for, 8b, 9f
in streams and lakes, 20-21, 20f
threats to, 69-88
acid precipitation, 85-86
beaver dams, 86-88
climate change, 82-84
dams, 73-76
habitat degradation, 69-73 
non-native fish, 78-82 
pollution, 76-78
spruce budworm spraying, 84-85 
underwater photography of, 65f 
vermiculation on dorsal surface of, 19f 
wild strains of, developing, 129-130 

Maine Conservation School, 10 
Maine Cooperative Fisheries Unit (UMO), 91-92 
Maine Department o f Inland Fisheries and Wildlife, 131-132 
Maine Hatchery Strain (MHS), origin of, 127 
Maine Land Use Regulation Commission, 97-98 
Maine Warden Service, 106 
Mairs, Don, 42 
Mammalian predators, 55 
Management, o f Maine brook trout, 88-112



current, 88-92, 131-132 
fisheries surveys in, 101-103 
fishing regulation in, 105-110 
fishways in, 103, 103f 
flow agreements in, 103-104 
gear restrictions in, 110-112 
habitat protection in, 92-93 
habitat surveys in, 98-101 
reclamation in, 104-105 
stream restoration in, 93-97 
zoning in, 97-98 
early, 88-92
hatcheries in, 113-118, 127-130 
stocking policy in, 119-127 

Maple Juice Cove, anadromous brook trout in, 48t 
Massachusetts Bog, genetic variation studies o f brook trout in, 22t 
Mature brook trout, age of, 28f 
Mayfly larvae, 52f
Mclntire Pond, brook trout harvesting studies of, 15t 
Mclntire Pond Winterkill, 4 lb
McKeen Brook, genetic variation studies of brook trout in, 22t 
MDIFW. see Maine Department of Inland Fisheries and Wildlife 
Measuring Fishing Success, 16b
Measuring success, of Maine brook trout fishing, 13-16
Meduncook River, anadromous brook trout in, 48t
Meduxnekeag River, brook trout harvesting studies of, 15t
Megantic Preserve Hatchery, 116
Mercury levels, in streams and rivers, 77-78, 78b
Mesotrophic lakes, 46b
Meyer, Marvin, 57
Migration, of Maine brook trout, 35-40, 47-50. see also Movement 
Mill Brook, anadromous brook trout in, 48t 
Mill River, anadromous brook trout in, 48t 
Mill Stream, anadromous brook trout in, 48t 
Minnows, non-native, 79t 
Mollyockett Chapter, o f Trout Unlimited, 100b 
M onmouth Hatchery, 114, 115 
Monroe Ponds, alternate year closure of, 108 
Monson private hatchery, 116 
Montsweag Brook, anadromous brook trout in, 48t 
Moosehead Lake, 42, 45f 

4 lb-and-over trout, 34t 
catches from, 4b 
habitat provided by, 46-47 
spawning studies of, 29t, 30-31 
sport fishing history of, 3-6, 4b 

Moosehead region, alternate year closure of some ponds, 108 
Moosehead watershed 

bulldozing in, 73 
diet study of brook trout in, 50
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Mooselookmeguntic Lake, 16b 
4 lb-and-over trout, 34t 
brook trout growth rate in, 109b 

Morancy Stream, anadromous brook trout in, 48t 
Morphological measurements, of streams and rivers, 96-97, 100 
Morphological traits, 18f, 64f, 65f 
Morris Animal Foundation, 118b 
Movement, o f Maine brook trout, 35-40, 36b 

in lakes, 47
tracking, 36b, 37-40, 37f

Moxie Pond, genetic variation studies o f brook trout in, 22t 
Mt. Desert Island, 21, 47

anadromous brook trout in streams of, 48t 
spawning studies of waters on, 25-26, 27, 37 

Muscongus Brook, anadromous brook trout in, 48t

Native Americans, brook trout fishing in Maine, 1-2 
Natural Resources Protection Act (NRPA) (1987), 93 
Necropsies, 59
Nesowadnehunk Stream, habitat restoration of, 94t 
New Brunswick (N.S.), 23
Non-native species, in habitat degradation, 79-82, 79t 
Nutritional hyperparathyroidism, 118b

Obrey, Tim
Chamberlain Lake study (2001-present), 92t 
Strain comparison (Kennebago vs. domestic) (2001-present), 92t 

Obstruction survey (1950), 92t 
Oligotrophic lakes, 46b 
O nchorhyncbus mykiss, 66f 
The One That Didn’t Get Away Club, 8-9

qualifying brook trout registered in, 1959-2000, 135-138 (Appendix 1) 
Oquossoc Angling Association, 113-114 
Orange River, anadromous brook trout in, 48t 
Origin, of Maine brook trout, 17-18 
Orthene®, 85 
Owen, Ray B„ 110 
Owhi strain, 127
Oyster River, anadromous brook trout in, 48t

P
Parasites, 55-58, 56t, 67f
Parmachenee Camp Owners Association, 100b
Parmachenee private hatchery, 116
Passagassawaukeag River, anadromous brook trout in, 48t
Pathologist, fish, 117
PCBs (polychlorinated biphenyls), 78
Pelletier Brook, genetic variation studies o f brook trout in, 22t

N

O
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Pemaquid River, anadromous brook trout in, 48t 
Penobscot River, fish consumption advisory for, 77-78 
Penobscot River basin, pollution sources in, 76
Penobscot watershed, genetic variation studies of brook trout in, 22t, 23-24 
Penobscot word, for Maine brook trout, 2 
Peters Brook, anadromous brook trout in, 48t 
Pettingill Pond, 125 
Phantom midges, 52f 
Phillips Hatchery, 118b, 127 
Philonema cysts, 67f 
Pierce Pond, 42 

4 lb-and-over trout, 34t 
gill lice epidemic in, 57 

Pike, non-native, 79t 
Piscataquis River, 125 
Pleasant River

anadromous brook trout in, 48t 
habitat restoration of, 94 

Pollution, general, in habitat degradation, 76-78 
Polychlorinated biphenyls (PCBs), 78 
Ponds, see Lake and pond habitat; Lakes and ponds 
Pools, 43
Pottle, David, 113
Power generating dams, 73-76
Predators, 54-55
Prestile Stream, habitat survey (1985) of, 99t 
Presumpscot River

fish consumption advisory for, 77-78 
water temperature and habitat degradation in, 84b 

Prick Pond, genetic variation studies of brook trout in, 22t 
Productivity, of environment, 41-42 
Public access, of Maine water resources, 14b 
Put, grow, and take, fall stocking rate (for lakes), 119-124 
Put-and-take (catchable) stocking, 123-124, 125-126

Q
Quebec, 23 
Quebec lakes, 54 
QuimbyPond, 14, 16b 

leech infestation in, 57-58 
Quimby Pond study (1977-1981), 92t

R
Radio tag, implantation of, in brook trout, 36b, 37f 
Rainbow trout, 66f 

non-native, 79-81, 79t 
Rangeley Lakes, 24, 42 

catches from, 4b, 5f 
early private fish stocking in, 113-114 
Kendall study o f brook trout in, 50, 51, 90
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sport fishing history of, 3-6, 4b 
Rangeley Lakes Heritage Trust, 100b 
Rangeley private hatchery, 116
Rangeley project-fish movement study (1958-1970), 92t 
Rangeley Region Guides’ and Sportsmens Association, 100b 
Rapid River, 24, 26, 42, 62f 

bass introduced into, 80b, 81-82 
brook trout harvesting studies of, 15t 
brook trout migration in, 40 
habitat survey (1985) of, 99t 
spawning in, 65f

Reclamation, current management of, 104-105
Redmond, Mai, long-term study of Johnston Pond and Jo-Mary Pond, 92t 
Remote ponds, waters zoned as, (1990), 139-140 (Appendix 2)
Remote ponds designation, 97-98 
Riffies, 43
Rift Pond, 4 lb-and-over trout, 34t 
Ritzi, Charles (Chuck), 50
Rangeley project-fish movement study (1958-1970), 92t 
Rivers, see Stream and river habitat; Streams and rivers 
Roach Pond

4 lb-and-over trout, 34t 
First, habitat restoration of, 94t 
and Roach River, water levels in, 84 

Roach River
habitat restoration of, 94t 
habitat survey (1971) of, 99t

Robbins Brook Pond, genetic variation studies o f brook trout in, 22t 
Roberts, Kenneth, 2-3
Rock Pond, genetic variation studies of brook trout in, 22t 
Rodrigue Pond, 4 lb-and-over trout, 34t 
Ross Lake, genetic variation studies of brook trout in, 22t 
Rotenone, 105
Round Pond, genetic variation studies o f brook trout in, 22t 
Royal River, anadromous brook trout in, 48t 
Rupp, Robert (Bob), 16, 29, 57 

long-term study o f Johnston Pond and Jo-Mary Pond, 92t

s
Sac-fry, 30 

age of, 28f
Salmonids, Maine, 66f 
Salmo salar, 66f 
Salma trutta, 66f 
Salvelinus, 17-18, 49 
Salvelinus fontinalis, 18 
Salvelinus namaycush, 66f
Sawyer Pond, brook trout harvesting studies of, 15t 
Scale samples, collecting, 102, 102f 
Scott Paper Company, 94-95



Sea-run brook trout, 47-50 
Sea-run brook trout fisheries, 48f, 48t 
Sebago Lake Hatchery, 116 
Sebasticook River, 125 
Sebec Lake, 24
Secret Pond, brook trout harvesting studies of, 15t
Sedimentation, in habitat degradation, 71-72
Seeback, Steve, Chamberlain Lake study (2001-present), 92t
Seven Islands Land Company, 96b
Shagg Pond, 4 lb-and-over trout, 34t
Sharrow site, 2
Sheepscot River, anadromous brook trout in, 48t 
Short, Chris, 118b

method for backpacking fry into remote ponds, 121 
Six-inch length limit removal study (1970-1974), 92t 
Slaigo Brook, anadromous brook trout in, 48t 
Smallmouth bass

habitat degradation by introduction o f  80b, 81-82 
non-native, 79t, 8 If  

Smelt, feeding on trout fry, 51-52 
Smith, David C., 70
Socatean Stream, brook trout spawning studies in, 30-31, 37 
Socatean Stream study (1956-1961), 92t 
Sourdnahunk Lake

brook trout from, strain development, 129-130 
genetic variation studies o f brook trout in, 22t 
habitat restoration of, 94-95 
spawning studies of brook trout in, 29, 29t 

Sourdnahunk Stream, habitat restoration o f  94 
South Bog Stream

catch and release areas of, 108 
habitat restoration of, 94t 
habitat survey (2001) of, 99t 

Spawning behavior, 27b
brook trout age and, 28, 28f 
dates o f initiation o f 26t 
fecundity and, 28-29 
and sexual maturity, 29t 
studies o f 29-31 

Spawning habitat, 25-31 
availability of, 26-27 
and hatching rate, 30-31 

Spawning improvement project, 27 
Spencer Stream logging dam, 74f 
Spiess, Arthur, 2 
Sport fisheries, history of, 3-6

early records o f large Maine brook trout, 3t 
Rangeley and Moosehead catches, 4b 
Spring yearlings 

age of, 28f
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stocking, 121, 123-124 
Spruce budworm spraying, 84-85 
Square Lake, habitat restoration of, 94t 
St. George River, anadromous brook trout in, 48t 
St. John River, water temperature and habitat degradation in, 84b 
St. John watershed, genetic variation studies o f brook trout in, 22t, 23-24 
Stanley, Henry O., 114b 
State record, for Maine brook trout, 8b, 9f
St.Croix watershed, genetic variation studies o f brook trout in, 22t, 23-24 
Sticklebacks, 5 I f
Stocking fish, hatcheries and, 113-118. see also Hatchery(ies)
Stocking policy, brook trout, 119-130, 120b 

bioenergetics in, 119 
lake stocking rates in, 119-124 
legislation backing, 120b 
number of water bodies managed under, 125t 
stream stocking rates in, 124-125 
studies of stocked populations in, 126b 
water bodies managed under, 125-126 
and water quality, 124-125, 124t 

Stocking rates
for brook trout in lakes, 119-124 
for brook trout in streams, 124-125
for different age groups and types of water bodies, 120-121, 12 It 
in lakes and ponds study (1970-1976), 92t 

Stone, Livingston, 115-116 
Stonefly larvae, 52f
Strain comparison (Kennebago vs. domestic) (2001-present), 92t 
Strain comparison (Kennebago vs. Sourdnahunk) (1997-2001), 92t 
Stream Alteration Law (1985), 93
Stream and river habitat, 43-45, 44f, 68f. see also Streams and rivers 

degradation of 
by acid precipitation, 85-86 
by bulldozing, 72-73 
by climate change, 82-84 
by dams, 73-76 
by flooding, 70-71 
by non-native fish species, 78-82 
by pollution, 76-78 
by sedimentation, 70-71 
by spruce budworm spraying, 84-85 
restoration of, current management, 93-97 
surveys of, 98-101 

Streamers, 12t 
Stream fishing, 11
Stream monitoring study (1990-present), 92t 
Streams and rivers, see also Stream and river habitat 

habitat surveys of, current management, 98-101 
Maine brook trout in, 20-21, 20f, 31-33 
stocking rate in, brook trout, 124-125
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water quality of, to sustain brook trout, 124-125, 124t 
Stream types, restoration based on morphology, 96-97, 100 
Success o f Maine brook trout fishing, measuring, 13-16 
Sunday River

habitat survey (1998) of, 99t 
restoration project for, 99 

Sunfish, non-native, 79t 
Sunkhaze Stream, 16

brook trout harvesting studies of, 15t 
Surveys, season-long, 13-16, 15t

T
Tail rot, 67f 
Tapeworms, 56-57
Telos Lake/Round Pond, 4 lb-and-over trout, 34t 
Temperature, see Water temperature 
Threats, to Maine brook trout, 69-88 

acid precipicadon, 85-86 
beaver dams, 86-88 
climate change, 82-84 
dams, 73-76
habitat degradation, 69-73 
non-native fish, 78-82 
pollution, 76-78
spruce budworm spraying, 84-85 

Tidal creeks, 49f
Timber harvesting, and stream and river degradation, 71-76 
Tomhegan Stream, habitat restoration of, 94-95, 94t 
Trap net, 101 
Trial, Joan, 33

copepod study (1994-2000) by, 92t 
Stream monitoring study (1990-present) by, 92t 

Trolling, 11
Trout Brook, anadromous brook trout in, 481 

Trout Pond, brook trout harvesting studies of, 15t 
Trout Unlimited, 7

camp for older children, 10 
volunteers for habitat surveys, 99f 

Trout Unlimited National, 100b 
Truck transport, offish stock, 121, 122f 
Tunk Stream, anadromous brook trout in, 48t

u
University of Maine at Farmington, 100b 
Upper Dam House, 6
Upper Dam Pool, current fishing regulations at, 108-109 
Upper Flood Lake, genetic variation studies o f brook trout in, 22t 
Upper Pond, angler survey, 107-108

V
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Velocity refuges, 45
Verraiculation, on dorsal surface, 19f
Viral diseases, 58, 59t
Volunteers, in habitat surveys, 99f, 100b

W
Wallagrass Lake, Third, genetic variation studies o f brook trout in, 22t 
Warner, Kendall (Ken), 3L  55, 73, 91f, 94

age and growth in northern Maine streams survey (1959-1962), 92t 
angler surveys conducted on northern Maine ponds, 107-108 
D D T studies (1958-1960), 92t 
history of Maine fishing regulations, 106-107 

Washington County, alternate year closure of some ponds, 108 
Water flow rates, 44-45. see also Flow agreements 
Water quality, 40-43

biological indicators of, 100-101 
and stocking policy for brook trout, 124-125, 124t 
and water temperature, 84 

Water quality sampling, 42-43, 43t 
Water temperature, 40-43, 44 

of streams, 44 
and water quality, 84, 84b 

Wescot Stream, anadromous brook trout in, 48t 
Wet flies, 12t 
Whirling disease, 57 
Whites Brook, 50
Whitten Parrit Stream, anadromous brook trout in, 48t 
Wilcox Pond, 125
Wild strain, o f Maine brook trout, development of, 129-130 
Wilson Pond, 4 lb-and-over trout, 34t 
Winter water quality, 41, 4 lb

Z
Zoning, current management of, 97-98
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