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A fine landlocked salmon from the Magalloway River in western Maine. (Paula J. Kasprzak) 



                 
               

              
               
               

               
          

              
                 

 

                
      

              
     

                
          

                
       

                   
  

                 
              

          

       
  

   
    

   
 

        
           

         

            
                

               
              

  



DEDICATION 

We dedicate this publication to Keith A. Havey, Sr, former Reg1onal Fishery B1olog1st and Research B1olog1st for the 
Mame Department of Inland F1shenes and Wildlife. Dunng h1s 35-year career, Keith co-authored two previous edi
tiOns of th1s paper, and authored or co-authored many key papers on Maine's unique landlocked salmon and brook 
trout resources. He was a true fnend and mentor to many biologists and students, and he 1s sorely missed. 

David P. Boucher 
Kendall Warner 
February 2006 

Keith A. Havey, Sr. 1926-1990. (MDIFW) 
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Figure 1. Original distribution of landlocked salmon in Maine as reported by Kendall (1935) . 
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Figure 2. Present distribution of landlocked salmon in Maine lakes. 

• Principal landlocked salmon fisheries 

D Relic salmon populations 
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Table 3. Distribution of riverine salmon fisheries w ith moderate-to-high fishing quality, 2000. 

County Number of miles Number of river segments 

Piscataquis 113.9 19 

Aroostook 53.8 11 

Sorrerset 50.3 3 

Currbertand 21 .3 2 

Oxford 18.7 3 

Fran·din 14.0 2 

Penobscot 9.8 2 

Waldo 3.9 
Washington 3.2 1 

Statewide totals: 288.9 44 

'The Record Catch". An early example of the Maine landlocked salmon sport fishery in Sebago 
Lake. This photograph was probably taken prior to 1900. 
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Table 6. Temperature regimes during July and August for several Maine salmon nursery streams (mini-
mum, mean, and maximum values are daily averages). 

Daily mean 
Stream (site) Year temperature (0 F) 

Crooked R. 1999 70 

Rapid R. (Middle Dam) 1994 70 
2002 68 
2003 70 

Long Pond S. (lower reach) 2002 65 

Long PondS. (upper reach) 2002 67 

Dodge PondS. 2003 72 

Round Pond Outlet 2003 71 

Kennebago R. 1994 66 

Magalloway R. 2001 65 
(above Parmachenee L.) 

Magalloway R. 2001 69 
(aboveAziscohos L.) 

North Branch Dead R. 2003 69 

Horseshoe S. 2002 70 

Kennebec R. (East Outlet) 2003 67 

The Kennebago River below Kennebago Falls in north
western Maine, considered an excellent salmon nursery 
stream, was comprised of 57% riffles, 35% runs, and 8% 
pools (DeSandre and Bonney 1984). Gravels, rubble, and 
boulders were the predominant substrates, and were well 
distributed throughout the river. 

The Rapid River, which forms the outlet of the Rangeley 
Lakes in northwestern Maine, was dominated by riffles 
{50%) and pools (40%); run habitat comprised only 10% 
of the river (DeSandre 1986). Substrate materials were 
largely composed of boulders and rubble; spawning gravel 
was notably scarce. Mean water depth in the riffle areas 
was 2.5 feet, while most pools exceeded 5 feet n depth. 

In the upper Magalloway River, also in northwestem Maine, 

Minimum 
temperature 

No. days 
~68°F 

40 

41 
17 
37 

6 

10 

51 

47 

5 

0 

17 

24 

20 

0 

Mean Maximum 
temperature temperature 

No. days No. days No. days 
~68°F ~68°F ~noF 

52 55 4 

48 56 0 
24 41 0 
50 58 0 

12 30 0 

25 41 2 

55 59 10 

52 56 12 

23 54 11 

2 24 0 

35 51 10 

39 53 7 

40 59 21 

15 29 0 

riffles and runs accounted for about 75% of the total river Grand Lake Stream, the outlet of West Lake, provides ideal 
(Bonney 2002). Pools and dead water areas comprised nursery habitat for young landlocked salmon. (Dave Boucher. MDIFW) 
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about 23% of the remaining area. A variety of substrate 
types was present, and spawning gravel was distributed 
throughout the reach. 

Stream banks were well vegetated and relatively stable in 
the three aforementioned streams. Spring seepages, which 
provide cool water refuges during exceptionally warm peri
ods, were common in the Kennebago and Magalloway Riv
ers, but rare in the Rapid River. 

Spawning and incubation 

Landlocked salmon eggs spawned and fenilized in Octo
ber and November lie buried beneath the gravel surface of 
the redd where they develop and hatch the follo.,.,ing spring. 
To survive and develop, incubating eggs require a good 
flow or well-oxygenated water pen,;ulcdirly through the grav
els. 

Characteristics of salmon spawning habitat in Grand Lake 
Stream were examined in detail by Nemeth (2001 ). On 
average, salmon redds (a total of 45 were measured) were 
constructed at a depth of 18.1 inches in water flowing at a 
rate of 1.1 ft/second. These values were similar to those 
reported by Beland et al. (1982) for sea-run Atlantic salmon 
in four Maine rivers {15 inches and 1. 7 ttl second). About 
50% of gravels used by spawning salmon was between 
0.4 and 1.0 inches in diameter, and substrate particles 
were moderately embedded (average of 3.6 on a scale of 
one to five) . Nemeth (2001) concluded that water velocity, 
average substrate size, and substrate embeddedness were 
consistent predictors of redd site selection by salmon in 
Grand Lake Stream and in three New York streams. Ground
water upwelling did not significantly influence redd site 
selection in this study. 

In northern Maine. Warner (1963) analyzed the size com
position of redd materials used by salmon in the large thor
oughfares connecting the Fish River Lakes. Analyses of 
the size composition of redd materials showed that 72% 
(by weight} was gravel larger than 0.25 inches in diameter, 
while 16-17% was sand (0.006 to 0.24 inches). Silt and 
clay comprised less than 0.5% of redd materials. 

Studies in these same northern Maine spawning areas 
(Warner 1963) indicated that in 22 redds measured, salmon 
eggs were buried an average of 8 1nches below the sur
face, with a range of 4 to 12 inches in depth. Depth of egg 
deposition below the gravel surface was limited mainly by 
depth of compact gravel, ledge, or clay substrate. In many 
cases, eggs were found deposited directly on these im
penetrable layers. Most of the salmon eggs were localized 
in egg pockets within each redd; most redds contained 
from 1 to 3 egg pockets. There was an average of 7 49 
eggs in each redd. 
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Incubation time depends on water temperature- the pe
riod of incubation is longer with colder water temperatures. 
In the thoroughfares of the Fish River Lakes, salmon eggs 
hatch 1n about 6 months at water temperatures ranging 
from 32-35°F. The thoroughfares remain mostly free of ice 
during this period because of the warming influence of out
flowing lake water. In many lake inlets in nonhern and west
ern Maine, the incubation period is longer because of lower 
water temperatures resulting from persistent snow and ice 
cover. In southern Maine spawning areas, incubation time 
for salmon eggs is probably somewhat less because of an 
earlier spring and resultant earlier warming of the water. 

In two Maine hatcheries during 1999 and 2000, the incu
bation periods of salmon eggs from spawning to swim-up 
ranged from 164 to 211 days (Table 7). Geographically, 
Grand Lake Stream is the northernmost of the two hatch
eries. Both have lakes as a water source, but only the 
Casco Hatchery has deep-water pipes pernitting warmer 
incubation temperatures. The longer incubation periods 
were at Grand Lake Stream Hatchery, where water was 
taken from relatively shallow depths (about 18 feet). Incu
bation periods at this station were probably the nearest to 
that of natural incubation conditions in lake outlets, an 
example of which is the Rapid River (Table 7). 

Eggs held at the Grand Lake Stream Hatchery took over 
twice as long to hatch as those from Casco, but the period 
from hatching to swim-up (yolk sac absorption) was some
what longer at Casco. 

During April1959, 1960, and 1961 , a total of 331andlocked 
salmon redds was excavated in two spawning areas of the 
Fish River Lakes to evaluate survival of naturally spawned 
eggs. Egg survival to the late-eyed stage, just before hatch
ing, averaged 93.2% (Warner 1963). Mortality due to non
fertilization was less than 1%. Loss of eggs averaged 
4.2% in the pre-eyed stage and 1.7% in the eyed stage. 

Landlocked salmon redd in Munsungan Stream, the outlet of 
Munsungan Lake and a headwater of the Aroostook R1ver. (Randy 
Spencer, ASAC) 



               
           

  
   

     

     
    

     
    

     
      

     
     

         
       

          
         

        
          

         
          

        
        

          
         

           
        
   

        
        

        
          

         
        
         

        
         

     

          
           

         
        

           
         

          
           

          
            

 

         
         

        
       

      
        

          
        

        
          

         
          

       
       

  



l iFE AS FRY 

Upon emergence from the gravel, which usually occurs 
during late May and early June, young landlocked salmon 
begin their lives as free-swimming fish that mLst protect 
themselves and seek and acquire their own food to sur
vive. 

A social behavioral trait common to members of the salmon 
family is that of choosing and defending home territories. 
Kalleberg {1958) and other workers have described territo
riality among sea-run Atlantic salmon. Fenderson et al. 
(1968) have shown that this behavior is also strongly ex
hibited by Maine landlocked salmon. 

Salmon fry occupy nursery areas with a wide variety of 
bonom types, but they are often round in abundance over 
gravel spawning material where older and larger juvenile 
salmon are seldom found. Salmon fry often occupy gravel 
spawning areas where the bottom is barely covered with 
water, and they are often the only fish present in such 
habitat. The ability of salmon to occupy such shoals may 
ensure perpetuation of at least a remnant stream popula
tion during critical low water periods or in the presence of 
predators. Optimum growth and survival of salmon fry, how
ever, can probably be expected only when the nursery area 
is supplied with ample stream flow. 

Density 

Density of salmon fry in nursery areas is highly variable 
among different streams and within the same stream from 
year-to-year {Table 8}. Variability is apparently normal 
among wild salmon populations and is related to such fac
tors as egg density, food supply, competition from other 
species or other salmon cohorts, stream flows and tem
peratures, stream size, and streambed types. Nursery 

areas range from small brooks to river-like thoroughfares 
between lakes. 

Meister (1962), working with sea-run Atlantc salmon at 
Cove Brook in Winterport, Waldo County, Maine, obtained 
a 2-year average density of 26.5 fry per 1 00 square yards. 
Elson (1957a) pointed out that for certain sea-run Atlantic 
salmon rivers in New Brunswick, 20 fry per 1 00 square 
yards of nursery area is necessary to ensure maximum 
smolt production. Density estimates from these two stud
ies compare favorably with the average density of 21.4 
landlocked salmon fry per 100 square yards from 20 nurs
ery streams in Maine (Table 8). 

Havey (1974a) obtained an average density of 9.7±2.9 
salmon fry per 100 square yards at Barrows Stream, Wash
ington County, Maine between 1960 and 1971 (1 0 differ
ent years). Corresponding weight standing stock was 
2.27±0.68 pounds per acre. Boucher (MDIFW, unpublished 
data) estimated an average standing stock of 7.5±1.6 
pounds per acre of fry from five western Maine streams 
during the period from 2001 to 2003 (Table 9). 

Growth 

Seasonal growth of salmon fry at four nursery areas asso
ciated with the Fish River Lakes is shown in Table 10. 
Total lengths attained by early October 1959 probably rep
resented a nearly completed season's growth. These 
lengths (2.4-3.0 1nches) agreed well with calculated lengths 
(2.6·2.8 inches) of age I salmon from the respective nurs
eries. Size attained by salmon fry in these ideal nursery 
areas is close to that attained in other Maine salmon nurs
eries. For example, length at age I for 69 naturally reared 
fish from Love Lake was 2. 7 inches, and length at age I for 
1 ,281 wild salmon sampled from nine lakes in western 
Maine averaged 2 .9 inches (Table 11 ). 

Landlocked salmon fry (left) and parr (right) from Long Pond Stream, a lributary of Rangeley Lake 1n Franklin County. (Dave Boucher, MDIFW) 
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Table 11 . Back-calculated lengths of salmon fry from western Maine lakes, 1986-2003. 

Calculated length 
Water County Sample size at age I (inches) 
Beaver Mountain Lake Franklin 112 2.79 

Rangeley Lake Franklin 330 2.91 
Dodge Pond Franklin 109 3.02 
Kennebago Lake Franklin 28 2.84 

Mooselookmeguntic Lake Oxford 367 2.62 
Richardson Lake Oxford 35 2.71 

Parmachenee Lake Oxford 64 2.93 
Aziscohos Lake Oxford 193 3.08 
Chain of Ponds Franklin 43 2.96 

Mean a nd standard error: 2.85:t:0.01 

Recent laboratory experiments conducted in New York 
by Nemeth et al. (2003) examined the rheotactic response 
(directional response to water currents) of Maine-origin 
salmon. Newly hatched fry (O to 3 weeks old) exhibited a 
strong upstream response- this was particularly evident 
with the strain from Sebago Lake, which are known to be 
inlet spawners. Nemeth et al. observed that upstream 
movements declined with increasing age of the fry, down
stream movements increased as fry densities were in
creased, and higher flow velocities resulted in declining 
movements i(l either direction. 

Nemeth et al. (2003) suggested that the strong propen
sity of newly hatched fry to move upstream might be a 
strategy for dispersing from local hatching areas. This 
could have adaptive value for fish that must utilize a stream 
nursery for one to several years prior to emigrating to a 
lake. For inlet-spawning salmon (e.g. Sebago Lake), 
strong upstream movements immediately after emergence 
also may prevent premature entry of fry into a lake envi
ronment where their survival could be compromised. 

Atkinson et al. (2002) studied post-stocking dispersal of 
unfed fry of sea-run Atlantic salmon in the Dennys River, 
Washington County. During the period from May 19 to 
June 14, 81% of the fry remained within 50 meters (164 
feet) of the release sites. The study suggested that fry 
movements were restricted to low-light periods- no fry 
were captured during daylight hours. 

Survival 

Survival from egg deposition to fry about 11 months later 
can be estimated from work done by Havey (1974a) at 
Barrows Stream in Washington County (Table 12). The 
weighted average survival (5.4%) is less than that reported 
by Meister (1962) for sea-run Atlantic salmon at Cove Brook 

(9.0-11.0%), but approximates that reported by Elson 
(1957a) for sea-run Atlantic salmon on the Miramichi and 
Pollet Rivers in New Brunswick, Canada. Havey's fry were 
taken mostly in October, while Elson's were sampled in 
late summer. 

Stream Associates 

Juvenile salmon (fry and parr) are often the dominant fish 
in stream nurseries (Table 13). The most frequent associ
ates with salmon include brook trout, blacknose dace, 
white sucker, slimy sculpin, creek chub, and lake chub. In 
general, these same species are also the most abundant 
fish present other than salmon. Brook trout are more com
monly associated with salmon in cool tributary nurseries. 
In lake outlets, brook trout are found only seasonally be
cause they do not tolerate high summer temperatures (70-
750F) that are common in these environments. 

A total of 28 fish species are known to occur with salmon 
in Maine nursery streams. The role of several of these 
species as potential competitors with salmon in nursery 
streams is discussed in a later section. 

Brook trout are common associates with salmon. (Toby Bonney) 
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Transition from stream life to lake life 

Among sea-run Atlantic salmon, emigration from fresh to 
salt water is preceded by striking physical and physiologi
cal changes in the young fish. Several of the changes in 
physical characteristics described for sea-run Atlantic 
salmon have been noted in landlocked salmon, but to a 
lesser degree. Perhaps the most noticeable change is 
the tendency toward loss of parr marks and the appear
ance of the silvery sheen so evident among sea-run Atlan
tic salmon smolts. However, among landlocked salmon, 
the silvering is much less pronounced and parr marks are 
more persistent. 

Landlocked salmon showmg parlial smollificallon prior to moving 
from the nursery stream to lake habitat. (Dave Boucher. MDIFW) 

Young landlocked salmon typically remain in the nurser
ies for 1 to 3 years before movement into lakes. This 
important life history event is easily identified by growth 
patterns on scales-salmon that have become lake-dwell
ers show rapid growth upon leaving the stream environ
ment. Boucher (MDIFW, unpublished data) analyzed 
stream residence time of wild salmon from 22 lakes and 
found the majority (75%) had spent at least two full grow
ing seasons in stream nurseries (Table 17). The propor
tion of salmon spending only one year in nursery streams 
prior to emigrating averaged 22% and ranged from 4 to 
94%. Very few 3-stream year salmon were observed from 
any water. Several 4-stream year fish and a single 5-
stream year fish have been observed from 
Mooselookmeguntic Lake in western Maine. 

These data show there rs considerable variation in the ra
tio of stream years among waters and to a lesser degree 
within the same water from year-to-year. Factors associ
ated with the timrng of mrgration from streams have not 
been clearly defined, but may include the amount and 
quality of habitat for older juveniles, density of young 
salmon, and growth rates. In the thoroughfares linking 
the Fish River Lakes, 51 to 74% of young salmon emi
grate at age I (in their second year of life). In some of 
these thoroughfares, the boulders and pools that typically 
characterize habitat for large juvenile salmon are scarce. 
Thus, as salmon reach a certain size at age I, they may 
wander around to locate suitable territories, and in so do
ing move out into the lakes. It is possible that some salmon 

fry, particularly larger individuals, also emigrate from these 
nurseries into the lakes. 

Irrespective of the factors influencing the timing of migra
tion, knowledge of lake-specific stream life patterns is im
portant in the management of wild salmon. AuClair (1 982) 
described an inverse relationship between time spent in 
the tributaries and later lake growth rates and size quality 
of salmon from three northern Maine lakes. This same 
relationship was apparent for a larger group of lakes from 
western and northern Ma1ne (Table 17 and Figure 3). 

In general, 1-stream year salmon grow faster (Figure 4), 
are recruited into the fishery at younger ages, and exhibit 
lower survival to older ages because they are exploited by 
anglers earlier (see below) . Conversely, populations in 
waters with A hioh flroJ1ortion of 2 and 3-stream year fish 
are slower growing but exhibit greater longevity than those 
where 1-stream year fish are predominant. 

Stream % ageV+ % age VI+ 
years and older and older 

1 28 8 
2 59 24 
3 84 50 

Landlocked salmon smalls emigrate to lakes during both 
spring and fall, but the major movement appears to be in 
the spring. At Barrows Stream, 8 of 87 captured smolts 
surviving from the 1958 year class moved into the lake in 
late fall1959 at age 1+, while the remainder emigrated the 
next spring at age II. Spring emigrants averaged 6.4 inches 
in total length and 1.25 ounces in weight. Peak spring 
emigration was in April and May at water temperatures of 
40-45°F. During April and May 1962, 25 spring emigrants 
at Barrows Stream averaged 6.2 inches in total length and 
1 ounce in weight; there was no known autumn emigration 
in 1961 . Barrows Stream Is a small nursery area (average 
width 22 feet) and possibly autumn emigration takes place 
only when a year class is large. Subsequent trapping at 
Barrows Stream (1963 through 1966) indica1ed that the 
fall 1959 and spring 1960 smolt runs from the stream were 
from a relatively large year class. 

At the East Outlet of Moosehead Lake, which has exten
sive habitat for older JUvenile salmon, the predominant 
movement into the lake occurs at age II (P. Johnson, 
MDIFW, personal communication}. Growth of juvenile 
salmon is excellent in the East Outlet; from 1971-1975, 
salmon that emigrated during their second, third, and fourth 
year had attained lengths of 4 .1, 3.9 and 3.5 inches, re
spectively, after their first full year of stream life (Auclair 
1982). Observed average lengths of salmon moving up in 
their second, third, or fourth year of life were 6.9, 9.7, and 
11 .2 inches, respectively. 

23 



Table 17. Stream residence time and size of wild salmon from Maine lakes, 1958-1999. (Includes fish sampled by all 

methods during all seasons). 

Water 

Beaver Mounta10 Lake 

Mooselookmeguntic Lake 
Aziscohos Lake 

Baker Pond 

Richardson Lakes 
Embden Pond 

Sebec Lake 

Big Kennebago Lake 

Parmachenee Lake 

Onawa Lake 
Long Pond 

Caucomgomoc Lake 

Lower Hudson Pond 

Pond in the River 

Chesuncook Lake 
Pierce Pond 

Lobster Lake 

Chain of Ponds 

Rangeley Lake 

Kingsbury Pond 

Munsungan Lake 
Eagle Lake 

County 

Franklin 

Oxford 

Oxford 

Somerset 

Oxford 
Somerset 

Piscataquis 

Franklin 

Oxford 

Piscataquis 

Piscataquis 

Piscataquis 

Piscataquis 

Oxford 
Piscataquis 

Somerset 

P1scataquis 

Franklin 

Franklin 

Somerset 

Somerset 

Aroostook 

All waters 

' Size data from fish with stream-years recorded. 

'Yo of fish sampled spending: 
1 year 2 years 3 years 

4 96 0 

2 92 6 

12 

10 

8 

7 

14 
11 

13 

19 

21 

29 
29 
29 
36 

43 
38 

65 

66 

63 
75 

76 

22 

87 

87 

85 
85 
83 
82 
80 

78 

75 

71 

71 

65 

62 

55 
55 

35 
33 

32 

25 

21 

75 

1 

3 

7 

8 

3 
5 

7 

3 
4 

0 

0 

6 

2 
2 

7 

0 

2 

5 

0 

3 

3 

Agure 3. Stream residence end alze of wild 18ndlocked ulmon t'om Maine lakes. 
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Mean length 
(inches)' 

• 

15.4 

16.4 

15.7 

15.2 

16.6 

17.1 

16.9 

15.1 

14.2 
15.6 

15.3 

15.6 

15.3 
16.3 

17.9 

17.7 

18.7 

14.8 
18.5 

19.3 

17.2 

16.2 

• 

• 

90 100 

No. fish 
sampled 

132 
536 

337 

32 

61 

129 

220 

62 

60 
62 
2 ' 
21 
40 
15 

332 
118 

63 

111 

300 

13 
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Figure 4. Variations in growth of wild salmon exhibiting one, two, and three years of stream residence. Data from spawn
ing run surveys, 1963·2002. 
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Age 

Survival from late fall parr to smelts at Barrows Stream 
averaged about 5.1%, based on four annual determina
tions. Meister (1962), working w~h sea-run Atlantic salmon 
at Cove Brook, estimated survival of the 1955 year class 
to be 8.9% from mid summer parr to smolts. The Barrows 
Stream data are minimal because some smolts were able 
to bypass the trapping facilities. Havey (1974b) showed 
that catch per unit effort of adult wild salmon by lrap net
ting in Love Lake varied little, despite fairly large fluctua
tions in the pre-smolt population. 

Age at maturity among landlocked salmon Is discussed 
in detail in another section of this paper. However, it can 
be pointed out here that some male salmon mature and 
spawn at age 1+. Precocious males are commonly ob
served in all our studies dealing with salmon maturity. 
During salmon spawning migrations in 1953 at Cross and 
Long Lake Thoroughfares in Aroostook County, age I+ male 
salmon participated in spawning runs. These parr aver
aged 5.8 inches in total length (range of 4.3-9.7 inches), 
and they comprised about 7.5% of the total spawning run. 
Jn 2001 , at Dodge Pond in Franklin County, precocious 
parr comprised 17% of the spawning run, These fish aver
aged 5.5 inches long (range of 4.6 to 8.3 inches) and 
weighed an average of 2 ounces. 

Lake Life 

Habitat 

The earliest statements on habitat requirements for land
locked salmon were probably made by Stillwell and Stanley 
( 1891) in an ear1y report of the Maine Fish and Game 
Commissioners ( 1889-1890). Trial and error plantings prior 
to 1889 indicated that for a salmon introduction to be sue-

cessful, "ponds must be of good size and of clear, pure 
water, with streams flowing in, of swift running current, clean 
gravelly bottom, ro which the fish can have free access to 
deposit their eggs, must also contain plenty of freshwater 
smelts or spring spawning minnows for food." 

The habitat requirements of landlocked salmon were first 
described in detail by Dr. Gerald P. Cooper In his biologi
cal surveys of Maine lakes (Cooper 1940). Cooper's re
ports gave 70-75°F as the maximum temperature for salmon 
lakes, with a dissolved oxygen content of at least 5 ppm, 
and a pH above 6.0. Other requirements listed were ad
equate food supply and suitable spawning and nursery 
areas. 

These early descriptions of salmon habitat- a large. deep, 
clear lake with rocky shores, cool well-oxygenated water 
in its depths, an abundance of smelts, and fed by a swiftly 
flowing stream with a gravelly bottom-are consistent with 
our current understanding ofideal hab1tat. 

Average values of several water quality and trophic param
eters for lakes supporting salmon principal fisheries are 
provided in Table 18. This summary was derived from 
samples collected in 152 lakes from 1970 to 2003 (Maine 
Department of Environmental Protection {MDEP}, unpub
lished data). In most cases, data were obtained during 
one annual sampling event in the late summer or early fall 
months. The mean column values represent the overall 
average of estimates for all lakes and years combined. 
With the exception of estimates for color, chlorophyll a, 
and secchi disk transparency, the mean minimum and maxi
mum columns represent minimums and maximums of the 
annual averages for all lakes. Mean minimum and maxi
mum column values fo( color, chlorophyll a, and transpar
ency are the absolute lower and upper ranges in the raw 
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dataset. Metalimnion (thermocline) and hypolimnion tem
perature and dissolved oxygen values are means of late
summer readings taken below the 30-foot level. They are 
from 142 salmon lakes sampled from 1935 to 1995 
(MOIFW, unpublished data). 

These indicators show that, as a group, Maine salmon 
lakes are among Maine's most unproductive (oligotrophic) 
-they are low in phosphorous, chlorophyll a production is 
low, and summer dissolved oxygen values are generally 
high in the deeper regions of the lakes. The majority (53%) 
of Maine's salmon populations currently exist in these oli
gotrophic lakes (Table 19). 

A significant number of salmon populations are also present 
in the more productive mesotrophic and eutrophic lakes 
(Table 19), indicating that salmon are ct.tpable o f tolerating 
less stringent water quality conditions. Experimental stock
ings have shown that salmon may grow well and provide 
attractive fisheries in homothermous lakes (those with little 
or no summer temperature stratification) , especially if for
age fish are abundant (Warner and Havey 1985). The fact 
that nearly one-half of the state's salmon populations oc
cur in lakes once thought poorly suited to them indicates 
their ability to often thrive and provide viable sport fisheries 
in a diversity of habitats. However, optimum development 
of salmon fisheries, including management for certain types 
of fisheries such as those emphasizing "trophy-size" fish, 
is best achieved in large lakes with excellent water qual
ity, and where competition for food (smelts) and space 
from other species is negligible (Boucher 2001 ). 

Adult male landlocked salmon sampled from Lower Hudson Pond. 
T10 R16, Piscataquis County. (Dave Boucher, MDIFW) 

Table 18. Chemical and trophic state parameters for Maine lakes with principal salmon fisheries. 

Mean of annual averages Mean (range) for 
for salmon lakes': all lakes 

Parameter Mean Minimum Maximum surveyed2 

Color(SPU) 20 14 70 28 (Q-250) 
Total alkalinity (mg/1 CaC0

3
) 10.8 2.9 46.5 . 

pH 6.8 5.9 8.0 6.7 (4.5-9.4} 
Specific conductance (uMHOS/cm) 37.3 14.0 99.0 . 

Total phosphorous (ppb) 7.3 1.0 20.0 14.0 (1.0-11 0.0) 
Chlorophyll a(ppb) 2.9 0.8 14.3 4.7 (1.1-51 .5) 

Secchi disk transparency (feet) 20.6 5.6 44.6 16.1 (1 .5-67.0) 
Metalimnion/hypolimnion water temperature (°F) 52 42 68 . 

Metalimnion/hypolimnion dissolved oxygen (mg/1) 6.9 0.7 13.0 • 

1 Data provided by Maine Department of Environmental Protection, except temperature and dissolved oxygen data, 
which are from MDIFW files. 

2 Statewide data from Public Educational Access to Environmental Information in Maine (PEARL 2003). 
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Combination management lakes often provide conditions 
that encourage faster salmon growth rates than those lakes 
managed strictly for coldwater species (MDIFW, unpub
lished data). The growing season in southern and eastern 
Maine, where most combination management waters are 
located, is up to a month longer than in northern Maine, 
and lake trout, significant competitors wi th salmon for 
smelts, are more abundant in northern and western Maine 
where coldwater management lakes prevail. That salmon 
can co-exist and thrive in the presence of at least some 
warmwater fishes attests again to its adaptability. 

The size distribution (surface area) of lakes currently sup
porting principal salmon fisheries is depicted in Figure 5. 
Most salmon lakes have a surface area of less than 5,000 
acres, and they range in size from 58 to 74,890 acres. 
Average and median lake si<.e ror all lakes is 2,755 and 
955 acres, respectively. If Moosehead Lake is excluded, 
average lake size is 2,342 acres. 

Figure 5. Size distribution of Maine lakes support
ing principal salmon fisheries, 2001 . 
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Mean depth is a broad indicator of productivity; lakes with 
high average depth tend to show lower productivity be
cause they often lack extensive littoral areas. Most salmon 
lakes have mean depths of less than 40 feet, with lakes in 
the 11 to 30 feet range predominating. 

Cooper and Fuller (1945), in an intensive biological suNey 
of Moosehead Lake, found that salmon seldom inhabit 
the deepest water. Landlocked salmon were found exclu
sively in depths ranging from 15 to 75 feet, with the major
ity distributed in depths shallower than 60 feet. There was 
relatively little difference in salmon abundance in the 16 to 
30 and 45 to 60-foot zones. Gill netting with nets sus
pended at various depths revealed that salmon were more 
abundant at mid-depths than near the bottom. 

Maine salmon lakes are located in a rather wide range of 
climatic conditions, ranging from Sebago Lake in the ex
treme south to the most northerly, Long Lake, in the Fish 
River Lakes. The variations in latitudes, elevations, and 
climatic conditions have some effect on the physical char-
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acteristics of the lakes. Those lakes located in southern 
Maine or at lower elevations may become warmer in the 
epilimnion during the summer, and are covered by ice for 
a shorter period during the winter. Extremes in duration of 
ice cover are represented by Sebago Lake and Long Lake. 
Due to its large volume of water, Sebago Lake seldom 
freezes completely before late January or early February, 
and in some years it does not freeze completely. When 
complete freezing does occur, ice-out is usually during 
early April. In contrast, Long Lake usually freezes over 
during early December, and ice cover leaves the lake dur
ing early May. Thus, both length of the open water fishing 
season and length of the salmon growing season are af
fected by climatic differences. 

Growth 

Seasonal salmon growth proceeds in the lollowing se
quence: Growth begins in the spring at a rapid rate; as 
spring yields to summer, growth declines at a fairly con
stant rate; in fall, the rate of growth speeds up slightly; 
and growth in winter is negligible. Warner and Fenderson 
(1963), working with wild salmon populations from Square 
Lake, Aroostook County in 1954 and 1961 , found that about 
80% of Square Lake salmon had started their current 
season's growth by the end of May. By mjd-June, over 
90% had commenced a new season's growth. The Square 
Lake salmon population is one of the norihernmost in 
Maine, and it is likely that populations in southern Maine 
begin to grow slightly earlier. 

Lengths attained at different ages by salmon from many 
of Maine's most important lakes are presented in Tables 
21 and 22, and Tables 24 and 25. Samples were obtained 
on fall spawning run suNeys during the period from 1985 
to 2002. The data are separated by origin ofthe fish (wild 
or hatchery) . Hatchery fish are further segregated by strain 
to compare the growth performance of Maine's two princi
pal brood sources (Sebago Lake and West Grand Lake). 
The lakes are arranged hierarchically by length at age IV+ 
and Il l+ for wild and hatchery-reared fish, respectively. 
Unweighted means of lengths at age are reported for 
salmon from all lakes by origin and strain. 

Individual lake summaries demonstrate the range in growth 
potential of salmon among Maine waters. Large differences 
in growth between lakes occur among both wild popula
tions and those supported by hatchery fish (Tables 21 and 
22). These differences can be attributed to a number of 
factors, including presence and abundance of co-preda
tors on smelts, habitat quality and quantity, climate (e.g. 
length of the growing season), and exploitation rates. In 
general, we believe that mean lengths of salmon at vari
ous ages in most salmon lakes are greater now than when 
the two previous editions of this report were written (Havey 
and Warner 1970, and Warner and Havey 1985), espe
cially in lakes dependant upon stocking. 



                 
       

  
     

  
 

 

 

  
 

 
 

 
 

  
 
 

  
 

 
  

   

         
          

          
         

      
           

          
          

           
 

       
        

        
       

        
         

         
         
          

         
         

          
        

         
         

       
         

         

         
            

         
   

       
        

          
          
       
        

         
           

        
          
        

        
         

       
        
         

         
     

       
           

          
        
       



                
         

      

 

 
 

 
 

 
 

  

 
 

 
 
 

  
 

  
 

  
 
 

 
 

 

  
    

                    
                   
            

    

 



Table 24. Growth of Sebago strain landlocked salmon in certain Maine lakes. Samples from spawning run surveys, 1985-
1998. Data are arranged hierarchically by length at age Ill+. 

No. fish 
Water Countv Year(s) sampled 

Wassookeag L. Penobscot 1988·89, 129 

1992,1997 

Thompson L. Oxford 1997-98 144 

St. George L. Waldo 1985-91 ,1993, 842 

1995,1997 

Sebago L. Cumberland 1985-98 3,547 

Long P. Kennebec 1989-93, 627 

1995-98 
Kingsbury P. Somerset 1993-98 65 
Rangeley L. Franklin 1985-1998 900 

Echo (Crotched) P. Kennebec 1991 

Roach P. (1 81
) Piscataquis 1986-89, 210 

1991-97 

Parker P. Kennebec 1988-93, 690 

1995-98 

Moosehead L. Piscataquis 1986-89, 112 
1995-96 

Sebec L. Piscataquis 1 992-95,1 997 138 

Big Wood L. Somerset 1994 41 

Swan L. Waldo 1 993,1 995-96 27 

Tunk L. Hancock 1987 71 

Unwelghted means:t:standard errors: 

Maine; hatchery salmon were from lakes distributed 
throughout the state. Smaller salmon (those less than 14 
inches or younger than age II) were taken by netting or 
electrofishing. For lengths of 14 to 20 inches, values used 
to determine the length-weight relationship were largely 
from angler-caught salmon. The largest fish sarrpled were 
from spawning run surveys. The curve represents average 
values for lake-dwelling populations. 

Figure 6. Relationship between length and weight for lake
dwelling Maine landlocked salmon. Includes fish of both 
wild and hatchery origin collected from 1985 to 2002. 
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The length-weight relationship is described by the formula: 
log1o weight in grams = 3.226(1og,o length in millimeters)-
5 .648. Fish used to graph the length-weight relationship of 
salmon over 14.0 inches were mostly from lakes where 
smelts were reasonably abundant when the samples were 
taken. Weights may be less for salmon exceeding 13 
inches that are feeding primarily on insects. The negative 
effect of a fishless diet on the length-weight relationship 
appears to become increasingly pronounced as salmon 
increase in length. 

While knowledge of "average" or "usual" salmon growth is 
basically important, information on causes of marked de
partures from these usual rates is vital to fishery manag
ers. Determination of causes of unusually rapid growth in 
a given lake could reveal a management principle that, 
when applied, could lead to better growth in many salmon 
lakes. Conversely, as noted earlier, prompt correction of 
slowed growth is important if salmon are to express their 
potential as a renewable, usable fishery resource. 

Slow-growth situations are generally undesirable from a 
recreational standpoint, particularly if the fish are of hatch
ery origin. If a population is not legally harvestable prior to 
age V or VI , many salmon will die from natural causes 
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rather than from fishing, and cost per fish creeled is multi
plied accordingly. While many anglers enjoy "action" pro
vided by large numbers of small salmon, some prefer to 
catch fewer, but larger, fish. Populations of rapidly growing 
individuals are usually sparse in number, which may not 
provide catch rates that satisfy many anglers. For example, 
salmon at Parker Pond in Kennebec County grew exceed
ingly well in the years following their introduction in 1959 
and reached large sizes by 1961 , but fishing success was 
low (Warner and Havey 1985, and M. Scott, personal com
munication). 

Populations with average growth, from which moderate num
bers of large salmon are taken annually, seem to satisfy 
most anglers. With recent refinements in fish management 
techniques, the apparent willingness of modern anglers to 
embrace them, and our improved understanding of salmon 
populations, management for particular kinds of salmon 
fisheries may become more prevalent. For example, in 
certain lakes emphasis could be on a "quantity'' ~shery for 
large numbers of small or moderate-sized salmon. In other 
lakes. a "size-quality" fishery could be emphasized- one 
that provides fewer fish but of a larger size. However, con
sidering the infertility of Maine lakes that provide habitat 
for salmon (Mairs 1966, Davis et al.1978, and MDEP, un
published data), it is doubtful that fisheries for large num
bers of large fish can ever be provided on a sustained ba
sis. 

Our data indicate that origin (wild or hatchery) is an impor
tant factor to consider in managing salmon sport fisheries, 
and that the specific strain of hatchery fish should perhaps 
be considered. The data provide evidence that precise 
management for some types of fisheries, such as those 
emphasizing ''trophy-size" salmon, can be better achieved 
with hatchery stocks rather than wild stocks, and that the 
Sebago strain of salmon may provide at least a marginal 
advantage in lakes managed for larger fish. 

Food habits of adult salmon 

Early obseNations on food habits stressed the importance 
of smelt in the diet of landlocked salmon. Stillwell and Smith 
(1879) noted the large size attained by salmon in Sebago 
Lake and stated, "Among the chief causes conducive to 
this unparalleled development, may be attributed the fact 
that smelts abound in the lake, and they form the chief 
and favorite food of the Sebago salmon at all seasons of 
the year." 

In a subsequent early Commissioners' report, Stillwell and 
Stanley (1883) further emphasized the reliance of salmon 
on a smelt diet by saying, "The landlocked salmon has 
been found, to our knowledge, indigenous to no waters in 
Maine unaccompanied by the smelt, both evidently being 
landlocked fishes. The smelt seems to be their natural 

food, but what is of far greater importance, its young fill 
the place to the newborn progeny of the landlocked salmon, 
of the milk to the young of animals." Stillwell and Stanley 
(1891) later became more strongly convinced of the de
pendence of newly introduced salmon on smelts. In the 
Maine Commissioners' Report for 1889-90, they stated, 
"To succeed we feel sure the waters where they are to be 
introduced- must also contain plenty of freshwater smells 
or spring spawning minnows for food. The smelt spawns 
and hatches at the same time in the spring the young 
salmon are beginning to feed, and is just what they need 
at that time to sustain them ... We have caught the young 
smelts at Sebago in the spring and put them w1th the young 
salmon beginning to feed in the hatching house, and they 
would be as eager after them as a cat after a mouse, and 
would pursue them until the last one was eaten." 

Most of the early introductions of landlocked salmon in 
Maine were apparently accompanied by introductions of 
smelt to seNe as a forage fish. Kendall (1935) stated, "As 
pertains to the lakes and streams of Maine, it has been 
quite generally stated to be a fact that salmon introduced 
into new waters where there are no smelt. do not thrive 
unless smelts are also introduced." 

Kendall (1935) examined stomachs of salmon from Sebago 
Lake over a period of years. He states, "The stomachs of 
a great majority of the many Sebago Lake salmon that 
from time to time I have examined in 16 seasons from 
April to October, between 1898 and 1916, both inclusive, 
contained smelts when they contained anything at all. The 
smelts were always the smalf form and translucent young." 

The first detailed studies on salmon food habits were made 
by Dr. G. P. Cooper in his early biological surveys of Maine 
lakes. Cooper's data for percentage by volume of various 
food items in salmon stomachs are summarized in Table 
27. In three Rangeley Lakes and four other lakes, Cooper 
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Rainbow smelts are the most important food 
item in the diet of Maine landlocked salmon. 



           

     
  

 
  

 
 

 
  

   
 

  
 

   
 

    
    

    
  

  
 

  
  
  

  
  

   
 

 
  

  

    

           
           

         
         
          

         
           

         
         

           
          

  

          
          

         
         

          
          

         
          

        
          

         
           

       

            
    

           
           
        

           
           

            
          

           
         
   

         
         

         
       

         
      

         
        

          
      



                
         

     

  
 

  
 

 

      

    

      

       

    

       

                 

     
   

     
     

 

 

 

  

 

 

         
         

        
        

         
         

         
           

       
          
         

        
          

        
          

        
       

         
            
       

        
        

          
        

          
          
        

        
        

    

       
         

           
         

         
          

      



                
     

   
   

 

  
  

 
  

     
 

 

 

  

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

  

 

  

 

  



         
        

      
        
     

   
 

  
  
 
 

 
 

 
 

 
 

  
 

          
         

         
          

       
      

           
         

          
         

          
           
         
       
              
   

          
            

           
         

            
           

         
        

         
   

          
        

        
         

         
         
         

           
         

         

          
         

          
           

           
          

 

                
     

  
   

 

     

    
    

    
    

           



                  
      

   

  
   

 

     

   
    

   
    

   

          

              

       
     

  

   

   

 

 

 

  

         
        
             
      

 

   
  

 

        
             

        
        

        
        

       

         
       

        
        
         

           
            
           

       
       



          
          

          
        

         
      

   

        
          

       
           

        
          

         
        

          
       
          

       
   

        
          

           
           

         
           

         
          

       
           
          

         
       

        
         

      
      
         
    

         
          

      
          

        
          

       
          

        
        

   

          
          

          

          
          

          
         

         
          

        
       

      

          
        

       
        

       
          
          

          
      

       
         

       
      
        

        

          
       
         

          
          

        
       

           
          

        
           

      
              

       

          
         

       
        

         
   

        
          
          
         

        
           

        
 



The disadvantage of extreme fluctuations in smelt abun
dance suggests that establishing other forage fishes for 
salmon might be desirable. Landlocked alewives have been 
introduced in several Maine lakes in attempts to supple
ment forage supplied by fluctuating smelt populations. Ale
wives have become established in several waters, but in 
Echo Lake (Mount Desert Island) it was found that the 
alewife's diet of plankton was closely correlated with that 
of the smelt. Competition between the two species evi
dently depressed smelt growth below the rate of 1 0 years 
before when alewives were first introduced (Lackey 1969). 
While alewives are utilized by salmon, inadequate infor
mation exists to predict confidently their trophic interac
tions with resident planktivores and piscivores (Kircheis 
and Stanley 1981 ). Thorough evaluation should precede 
further introduction of alewives or other potential forage 
fish for landlocked salmon (Gately 1978). 

At the present time, we strongly recommend against in
troducing forage other than smelts. Rather, we advocate 
the careful, thoughtful management of smelt predators, 
including salmon, as a more appropriate means of sus
taining stable smelt forage in salmon lakes. 

Smelts are a schooling fish that spawn in the early spring in 
lake tributaries or on lake shoals (David Howatt, MDIFW) 

COMPETITION 

Throughout their lives, landlocked salmon compete with 
other kinds of fishes (interspecific competition) and among 
themselves (intraspecific competition) for food, living space, 
and at times for stream spawning and nursery area. Theo
retically, any species living with salmon in a lake is a po
tential competitor with salmon. The intensity of competi
tion will depend on the biological and environmental re
quirements of the competitor and, of course, the more abun
dant or widely distributed the competitor is, other things 
being equal, the greater will be its influence on salmon. 
Some competitor species co-exist with salmon in virtually 
every lake in which salmon occur, whereas the distribu
tion of other competitors is relatively limited (Table 35). 

Competition among fishes is highly complex, and involves 
not only the species and abundance of competitors but 
also water chemistry and physical features of the environ
ment. A certain species may compete severely with salmon 
in one lake but compete little in another lake. For example, 
bass in a shallow, marginal salmon lake containing only 
smelts as a common forage fish might compete seriously 
with salmon tor both space and food. In a deeper lake 
providing both smelts and crayfish in abundance, competi
tion could be negligible, not only for food but also for space. 

Certain species such as the brown trout compete directly 
with salmon throughout their lives. Other species, such 
as white suckers, may compete directly with salmon for 
insects when salmon are juveniles, but only indirectly when 
salmon become fish-eating adults. The competition is then 
indirect because the suckers utilize food being used ex
tensively by forage fish of salmon, but not by the adult 
salmon. 

In the following pages we have summarized results of sev
eral studies, mostly from Maine, that involved species con
sidered to be potential salmon competitors in both lake 
and stream environments. Most of these studies concern 
competition under summer conditions. The same general 
principles apply to the cool as well as warm seasons, but 
during the cool seasons, potential competition exists 
throughout a much larger portion of the lake. 

Interspecific competition 
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Brook trout 

In Maine waters, landlocked salmon and brook trout fre
quently occur together in both lakes (Table 35) and streams. 
Most Maine lakes containing brook trout and salmon also 
have smelts present as forage, presenting the potential for 
food competition. Recent data from Moose head Lake indi
cate that brook trout are significant smelt consumers in 
that lake, particularly during the winter season. Roy (2002) 
analyzed brook trout stomach contents of angler-caught 
fish collected from 1970 to 2002. A total of 592 stomachs 
from winter-caught brook trout contained food. During the 
period when the minimum length limit was 6 inches, smelts 
occurred in 33% of trout stomachs (28% of the total vol
ume); when the length limit was increased to12 inches, 
smelts were found in 26 % of trout stomachs (46% of the 
total volume). Smelts were far less prevalent in the diet of 
brook trout during the summer months. Of 222 trout stom
achs examined during the summer, 195 contained food, 
and only 5% of these contained smelts (8% by volume). 
Insects comprised the most important food item for brook 
trout during the summer months, both in frequency of oc
currence and volumetrically. In lakes such as Moosehead, 
then, we conclude that brook trout may be intense com
petitors with salmon for smelts, particularly during the win
ter months. 



           

  
    

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

  
 

  
 

  
 

  
 

  
 

  
 

  

    
 

  
 

 

                  
           

          
       

         
         

          
       

         
         

          
           

         
         

        
         

        
        
          

         
        

   



       
        

         
         

       
         

       
          

         
          

         
         

          
        

        
        

          
        

         
         
         

         
         
       

         
         

        
       

        
 

         
       

     

         
        

             
       

           
        

           
         

         
     

       
         
         
         

         
         

        
        

         
     

         
         

           
        

         
        

          
        

           
          
          
           

        
 

        
          

       
         

         
    

         
         

       
         

         
        

         
       

          
       

          
         

      
         

         
       

 

        
         

         
         

            
         

         
          
         
          

         
         

       



          
          
          

         
        

       
        

        
        

         
         
         

         
          

           
            

         
            

           
        

         
          

        

          
         

         
          

      

       
          

         
        

         
         

        
       

          
         
            

          
        

         
           

           
         
       

         
       

        

          
        

        
          

       
        

       

         
          

           
        

          
         

        
         

         
         

          
         

         
           

         
       

        

          
         

      

 

        
        

        
       

         
         

          
        

           
       

       
         

        
        

    

        
       

         
     

 

        
        

           
         
       



         
      

       
         

      
         
        

       
         
        

        
        

         
          

 

          
        
         

         
         

          
          

   

         
         

          
   

          
         

        
        

          
         

       
          
        

         
          

       
 

          
       

         
       

           
        
          

         
          
           
         

   

          
         

        
         

         
    

       
         

         
           

          
        

          
         

      

 

         
          

          
        

         
         

         

 

 
   

    
   

   
   



        
           

         
          
          

        
        
     

        
         

          
        
         

       
         

     

 

            
       

         
        

            
           

         
          

          
         

          
         

         

         
           
          
        

          
           
       

        
        

       
        

        
       

         
         

         
         

          
            

           
          

         

          
        

         
 

        
         

         
          

        
         

        
         

         
      

 

        
           

         
          
          

         
          
            

         
        

         
         
         

        
  

         
          

         
          

         
          

            
 

        
           
          

         
           

           
          

      

       
          

        



         
             

         
            
   

        
          

         
        

           
        

         
          

         
          
          
        

  

        
        

         
       

 

         
          

        
          

         
    

           
        

           
       

        
          

       
         

        
          

          
         
        

         
     

         
         
         

           
        
         

         

        
         

 

          
        

      
        

           
 

        
        
          
           
          

          
      

         
          

          
             
         
        
          

           
           

    

          
       

           
          

          
          

         
        

         

       
         

         
        

          
        

         
       

        
  

         
          

        
         



          
         
           

          
   

        
          

         
          

         
        

          
        

 

        
            

          
         

           
          

        
          

    

           
         
          

           
        

   

 

          
         
         

        
          

        
   

 

          
          

           
          

        

         
           

         
         

          
        

          
     

          
           
        

        
       

          
           
  

 

          
       

      
           

 

          
        
       

            
           
         

        
        

         
 

       
         

          
         

        
        

          
         

          
         

   

         
       

        
        

          
         

         
         



       
            

       

           
           

        
        

        
          

        
         

         
          

        
           

       
          
          

          
        

            
          
         

       
        

         
         

    

 

       
      

       
    

 

         
        
        
         

         
         

       
   

           
           

        
         

        
           

         
  

          
        

         
          

           
       

        
          

            
          

           

           

 
    

  
 

 
 

 
 

  
   



           

   

         
          

             
           

         
        

            
          

         
        

         
           

        

       
         

        
        
         
         

        
          

         
         

      
      

        
          

       
        

      
       

         
      

                  
         

     
    



Competition Summary Discussion 

Evaluation of the landlocked salmon's ability to live with 
other species must consider the ability of the salmon not 
merely to exist, but to thrive in the presence of competi
tors. As a sport fishing resource, the species is of reduced 
value either in the capacity of a relic population, or as a 
species that is abundant but of undesirable size. 

Our data show that landlocked salmon can thrive in the 
presence of a wide assemblage of other specres with at 
least partly overlapping life requirements. Thriving salmon 
populations commonly co-exist with lake trout, brook trout, 
white perch, yellow perch, smallmouth bass, suckers, 
burbot, and others. Our data also show that salmon pro
duction would probably be much higher if certain competi
tors were not present. This is particularly true in the case 
of lake trout, a primary smelt consumer that has dramati
cally increased in abundance in many lakes. 

From an ecological standpoint, one or more sport fishes 
whose life requirements overlap slightly with those of salmon 
could utilize a lake more efficiently than salmon alone. 
Considering recreation values, a lake that supports a mod
erate fishery for salmon, as well as fisheries for one or two 
other desirable game fish, may have more economic value 
than if the lake supported a more abundant salmon popu
lation. However, we strongly advocate utmost caution when
ever multiple-species management is contemplated. Mini
mum risk will be involved only when all species under con
sideration are well studied, and when numerous success
ful examples of the type of multiple-species management 
being considered are available. 

Some of the more serious growth problems involving salmon 
are related to intraspecific competition for food and possi
bly space. While a population of slow-growing salmon is 
not necessarily endangered as tar as survival rs concerned, 
the slow growth rate often causes dissatisfaction among 
anglers; thus, that particular population is not fully express
ing its potential. Anglers often request increased stocking 
in such situations, when actually the problem is too many 
fish. In Maine, the problem has been partially resolved by 
manipulating size limits to increase harvest of certain co
horts, or by temporary cessation or reduction in stocking. 

Standing stocks 

The definition of standing stock, as we use it, is the num
ber and weight of all or a portion of the stock of salmon, 
both sublegal and legal, present in a water at a given time. 
Standing stock estimates of salmon at Love Lake (Havey 
1974b), Schoodic Lake (Havey and Andrews 1973), and 
Eagle Lake (Havey, unpublished data) are presented in 
Table 38. Mean standing stock for the three lakes is 1.6 
salmon/acre weighing 1.5 pounds/acre. Love and Sohoodic 
Lakes are of the intermediate type; they are less than ideal 
salmon habitat. Eagle Lake provides excellent water qual
ity and supports a lake trout population. 

Most Maine salmon lakes probably suppon from two to 
three salmon of age II or older per acre. In general, we 
believe standing stocks of salmon have increased on many 
lakes since 1985. This is attributable to improved post
stocking survival of hatchery-reared salmon, and to the 
voluntary release of legal salmon practiced by an increas
ing number of Maine salmon anglers (Boucher 2001 ). 

Fishery Specialist Dave Howatt sets a trapnet in Pierce Pond in Somerset County to sample 
landlocked salmon during the fall spawning run. (Dave Boucher. MDIFW) 
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Table 40. Average size of wild landlocked salmon In representative Maine spawning runs. Number of fish 
sampled is in parentheses .' 

Total length (inches) Weight (pounds) 
Water County Year Males Females Mates Females 
Long L. Thoroughfare Aroostook 1953 19.9 (207) 20.9 (174) 2.9 (207) 3.9 (174) 

1954 18.9 (162) 21.5 (198) 2.5 (162) 3.8 (198) 
1957 18.7 (174) 20.3 (186) 2.6(174) 3.4 (186) 

Mooselookmegunt1c L. Franklin 1961 16.8 (103) 16.8(87) 
1962 15.7 (35) 14.8 (29) 
1971 13.1 (28) 13.3(49) 
1972 13.3 (57) 13.1 (81) 
2002 13.9 (30) 16.1 (78) 0.8 (30} 1.5 (78) 
2003 14.1 (49) 15.1 (110) 0.9 (46) 1.2 (107) 

RangeleyL. Franklin 1995 17.3 (43) 18.8 (21) 1.7 (43} 2.4 (21) 
1996 15.1 (52) 18.1 (32) 1.2 (52) 2.0 (32) 
2002 14.6 (71) 17.6(31) 1.1 (71) 2.1 (31) 
2003 16.8 (63) 17.8(28) 1.7 (62) 2.2 (28) 

Dodge P. Franklin 2001 13.2 (27) 16.2(20) 1.4 (18) 1.5 (20) 
Arnold P. Franklin 2003 12.8 (29) 15.5 (8) 0.7 (28) j .2 (8) 
Beaver Mountain L. Franklin 2000 15.4(21) 18.0(31) 1.2(21 ) 2.0 (31) 
Parmachenee L. Oxford 1999 14.3 (22) 16.6(25) 0.9 (22) 1.5 (25) 
Scraggly l. Penobscot 1998 14.5 (70) 14.9(39) 0.9 (62) 1.1 (38) 
Long P. Piscataquis 1997 15.8 (36) 16.5(22) 1.3 (36) 1.6 (22) 
West Grand L. Washington 1957 18.6 (118) 19.2 (120) 2.2 (118) 2 .8 (120) 

1976 14.6(49) 16.4 (59) 1.0 (48) 1.5 (59) 
1986 17.1 (58) 17.3 (62) 1.7 (58) 1.9 (62) 
2000 17.4 (50) 18.4(50) 1.8 (50) 2.4 {50) 

Sebago L. (Jordan A.) Cumberland 1957 20.0 (111) 19.1 (119) 2.4 (111) 2.2 (119} 
1976 15.6 (476) 15.1 (626) 1.1 (169) 0.98 (323) 
1986 17.1 (58) 17.3 (62) 1.7 {58) 1.9 {62) 
1999 18.9 (88) 19.1 (106) 2 .0 (88) 1.9 (106) 

' West Grand Lake and Sebago Lake spawning runs were composed of hatchery-reared fish. 

Atkins ( 1879 and 1886) reported the average length and 
weight for salmon in the early West Grand Lake runs. In 
1876, males averaged 15.7 inches and 1.6 pounds and 
females averaged 15.9 inches and 1.9 pounds. In 1885, 
males averaged 21.0 inches and 3.6 pounds. Females 
averaged 19.2 inches and 3.4 pounds. 

It is clear from the data presented (Table 40) that size 
composition as well as age composition of salmon spawn
ing runs (Table 39) vary among laKes and from year to year 
within lakes. The size composition of these spawning runs 
is a direct reflection of age composition and growth rate. 

Sex ratio of spawning populations 

Male and female salmon on the spawning run at Cross 
Lake Thoroughfare in the Fish River Lakes from 1953 to 
1955 were present in approximately a 1:1 ratio (Warner 
1962). The sex ratio for 3 years was 577 males ( 49%) to 
601 females (51%) . The sex ratio of the Cold Stream Pond 
spawning run in 1951 was 54% males to 46% males. The 
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Hatchery Manager Norm Philbrick (left) and Fishery 
Biologist Kendall Warner handle tish for data collection at 
Cross Lake Thoroughfare tn 1955. (MDlFW) 



   
 

  

            
          

          
           

        
         

  

           
           

          
         

         
   

  

          
        
         

         
        

          
            

          
        

        
       

           
         

 

         
           
           

         
         
         

       
            

            
           

 

 

          
       

          
        

         
          

           
          

        
            
         

       

         
          

            
            

         
            
         

           
          

        
          

          
         

        
             

 

 

       
        

          
         

             
           

           
          

           
           

           
         

         
           

           
         
            

           



cient fertilization and hold the eggs in the pit until the 
female can cover them with gravel. Frequently the male 
salmon parr (4 to 6 inches in length} mature eat1y and 
participate in the spawning act. When spawning is com
pleted in the first egg pit the female moves upstream to 
dig the second pit. As the gravel is displaced it is carried 
downstream to cover the eggs in the pit below." 

Following spawning, spent salmon may remain on the 
spawning grounds or in pools for several days or even 
weeks, or they may return directly to the lake. Warner 
(1962) found that males commonly lingered on the spawn
ing grounds for many weeks after spawning and were in 
extremely poor physical condition by December. Salmon 
that spawn in the outlet of Cold Stream Pond usually re
main there throughout the winter following spawning and 
return to the lake in early spring. This type of post-spawn
ing behavior is known to occur in the outlets of several 
other Maine lakes containing dams and fishways. 

Predation on salmon eggs 

Opportunities for egg predation by fishes are limited be
cause salmon eggs are ordinarily buried beneath several 
inches of gravel. Several workers have noted that while 
predation on salmonid eggs does occur during spawning, 
the eggs consumed by other fishes are usually those which 
were not buried after deposition and would have died any
way (Greeley 1932). 

Suckers are often condemned for eating large numbers of 
salmon eggs. While some unburied eggs are undoubtedly 
eaten by suckers, there is no evidence that this species 
is a serious predator on salmon eggs. In the fall of 1953, 
stomachs of 49 white suckers and one longnose sucker 
were examined for evidence of egg predation during the 
peak of spawning activity at Cross Lake Thoroughfare, but 
no salmon eggs were found (K. Wamer, MDIFW, unpub
lished data). 

Several workers have reported predation on salmonid eggs 
by other salmonids (Greeley 1932; Briggs 1953). Land
locked salmon parr may be the most important predator 
of salmon eggs during spawning. In the fall of 1953, 9 
salmon parr with distended abdomens were e><amined 
when it was suspected that they might have eaten salmon 
eggs. The parr were ages I + and II+ and ranged from 4.2 

, to 8.6 inches in length. One parr was a ripe male and the 
Mature mate landlocked salmon captured on the tall st-pa-w-nin~g~ru_.n!:!:;il remainder were immature. All parr had eaten salmon eggs, 
at Jim Pond, Franklin County. (David Howatt, MDIFW) and contained from 27 to 57 eggs per fish. Actual preda-

tion was not observed, but it was suspected that eggs 

Table 41 . Representation of maiden salmon on Maine spawning runs. Percentages represent proportions of 
each age group that were maiden fish. 

Age (annuli) 
Water Vear(s) Ill IV v VI VII VIII 
Cross and Long L. Thoroughfares 1953 Number 35 207 81 4 2 0 

Percent 90.8 91.4 71.0 9.8 9.1 0 

1954 Number 72 127 51 2 0 0 
Percent 96.0 87.0 64.0 3.7 0 0 

1955 Number 93 202 91 22 2 0 
Percent 98.9 95.3 82.0 23.4 4.5 0 

Mooselookmeguntic L. 2002 Number 1 15 39 17 1 0 
Percent 100 93.8 88.6 63.0 14.3 0 

2003 Number 3 43 43 16 4 1 
Percent 100 93.5 78.2 51.6 30.8 20.0 

6 western Maine lakes 1998-2003 Number 98 63 69 10 1 1 
Percent 93.3 77.8 65.7 22.2 3.9 10.0 
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Figure 7. Map of the Fish River Lakes Drainage. 
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While most salmon taken at Upper Dam were naturally 
reared fish, a few were hatchery fish (identified with fin 
clips). After passing through the fishway trap, these hatch
ery fish exhibited a behavior different from wild fish. Wild 
fish were found in the Kennebago River, an inlet to 
Mooselookmeguntic, much more often than were the hatch
ery fish, which appeared to frequent Rangeley River (an
other inlet, and the outlet of Rangeley Lake) to a greater 
extent. 

De Sandre et al. estimated that from 1958-65, between 22 
and 66% of the concentration of spawning salmon at 
Rangeley Lake outlet left the lake. Of these, 32-67% even
tually returned to the lake via the fishway in Rangeley dam. 
Although more than one-half of the outlet spawning run 
probably left Rangeley Lake, the actual loss to the Rangeley 
Lake fishery probably did not exceed 2"/o per year; these 
fish , however, were large, mature salmon. The preference 
of hatchery-reared salmon for the Rangeley Lake outlet 
may have been a homing response to the water in which 
they were raised in at the Oquossoc hatchery, which used 
Rangeley Lake as its water source. The greatest percent
age of dropdown occurred among the highest concentra
tions of spawning salmon. The groups that showed the 
greatest tendency to drop down the Rangeley Lake outlet 
also showed the greatest tendency to return . 

A third trapping site in the Rangeley Chain was Middle 
Dam at the outlet of Richardson Lake. Here there was a 

The Rapid River in western Maine provides ideal habitat tor 
landlocked salmon. (Ken Wing) 
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run of salmon in June and July but virtually no fall run. 
Most fish were age Ill+ and IV+. Of 517wild salmon tagged 
on their upstream migration at Middle Dam, a minimum of 
139 (27%) was caught by anglers. Sixty-eight percent were 
caught in Richardson Lake above the tagging site and 32% 
in waters below, mostly in the Rapid River, the lake's 
outlet stream. 

Over 90% of the angler-caught fish in the Rangeley Chain 
was probably caught within 10 miles of tagging sites. Down
stream migration distance was practically unlimited, while 
fish tagged at the lowermost tagging site could conceiv
ably have moved upstream as much as 25-30 miles. Per
haps the most interesting movement patterns among 
Rangeley Lake salmon, and the most imponant for man
agement, was the strong preference of wild salmon to 
spawn in the inlets and for hatchery-reared salmon to pre
fer the outlet. 

In 1999, Florida Power and Light Energy (FPLE) implanted 
radio transmitters in 64 landlocked salmon from the 
Kennebec River (EPRO 2000) between Harris Dam and 
Wyman Dam, two large hydroelectric projects (Figure 
9). This salmon population is considered to be river-resi
dent; that is, virtually their entire life history occurs in a 
riverine environment. With the exception of Wyman Lake, 
the large impoundment formed by Wyman Dam, there are 
no lakes accessible to salmon. The FPLE study was de
signed to evaluate the effects on behavior (e.g. displace
ment) of peaking flow operations of Harris Dam, and to 
determine seasonal patterns of habitat use by salmon. 
Tagged salmon ranged in age from I+ to VI+, but most 
(91 %) were ages II+ and Ill+, and the majority (81 %) was 
of wild origin. 

There was little upstream or downstream movement of 
salmon in response to daily flow increases. However. 
tagged salmon did move up. down, or laterally within spe
cific pools, runs, or riffles that they were occupying prior to 
the flow changes. Study fish generally remained close to 
initial tagging sites throughout the summer and early fall 
months. During these periods, none of the tagged salmon 
moved to cooler tributaries streams but remained in the 
Kennebec River. By October 21 , 1999, five of 16 tagged 
salmon moved from their "normal" summer positions to 
various locations throughout this 19-mile reach of the 
Kennebec River, and to the Dead River (a major tributary), 
presumably on spawning runs. By late November 1999, a 
minimum of 15 of 23 tagged salmon had moved down
stream into Wyman Lake and overwintered there. One re
maining tagged salmon returned upstream to the Kennebec 
River from Wyman Lake by late May 2000. 

Another telemetry study (FPLE 2004) was recently com
pleted on the Rapid River, the outlet of the Rangeley lakes, 
which is much smaller (3.2 miles long) than the Kennebec 
River. This salmon population is also considered river-resi-



Figure 9. Map of the upper Kennebec River Drainage. 
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dent, except Rapid River salmon do have easy access to 
Pond in the River and Umbagog Lake. Middle Dam, which 
is not currently equipped with a fishway, prevents salmon 
from migrating upstream to the large lakes of the Rangeley 
chain. but downstream passage is virtually unlimited 
(FigureS). 

The Rapid River study was intended to provide seasonal 
habitat use data for adult salmon as part of a broader ef
fort to assess competition with brook trout. A total of 18 
salmon was radio tagged during the early summer months 
of 2003. They ranged in age from Ill+ to VIII+, but nearly 
70% were ages IV+, V+, and VI+. 

During the summer months (June to late August), tagged 
salmon utilized all elements of the Rapid River system, 
Including Pond in the River and Umbagog LaKe. Most 
(75%) tagged salmon remained in the river during June, 
then migrated to Pond in the River (56%) and Umbagog 
Lake (33%) in July when river temperatures reached about 
72°F. In August, many (57%) salmon remained in Pond in 
the River, but several had moved back to the Rapid River. 
Several study fish moved into known spawning areas be
tween late September and early November. There was ap
parently heavy post-spawning mortality of radio-tagged 
salmon, so overwintering habitat was not located, but data 
from three radio-tagged salmon from a smaller study con
ducted earlier suggested salmon overwinter in Pond in the 
River, and to a lesser degree in Umbagog Lake. 

Florida Power and Light Co. Biologist Bill Hanson prepares to 
insert a radio transmitter to study salmon movements in the 
Rapid River. (Dave Boucher. MDIFW) 

During a migration study at Cold Stream Pond and Upper 
Cold Stream, (Bond and DeRoche 1956), it was deter
mined that a segment of the lake population utilized the 
outlet for spawning, and that up to 71% of the adults re
turned to the lake after spawning. Most return movement 
occurred the spring after spawning. Some unusually long 
movements for landlocked salmon were recorded during 
the Cold Stream Pond study- two of the salmon captured 
at the outlet were later taken by anglers about 45 miles 
downstream, and three were found dead about 35 miles 
below the tagging site. 
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Havey (1960), working primarily with hatchery-reared land
locked salmon at Long Pond in Mount Desert, found that 
over a 6-yeartrapping period only 46 of 9,271 fall yearling 
salmon (age I+) stocked in the lake subsequently moved 
down the outlet, either as juveniles or adults. Only one of 
these salmon moved out to the ocean. Long Pond is ap
proximately 1.5 miles from the sea. 

At Love Lake, only eight of 3,068 salmon stocked in the 
outlet as fall yearlings (age I+) or spring 2-year olds (age 
II) were subsequently captured as spawners at the lake 
(Havey 1974b). Seven of these fish were utilizing the inlet 
as a spawning area rather than the outlet where they were 
originally stocKed. 

Of about 18,000 salmon marked by fin clips and stocked 
in Love Lal<e as spring yearlings (age I) between 1960 and 
1 967, less than 1% was captured as emigrants at a fish 
trap at the outlet over a 7 -year period (Havey 197 4b). Since 
nearly all of the movement was of juveniles captured soon 
after stocking, these movements probably should be 
termed wandering rather than true migrations. An even 
smaller percentage of the newly stocked salmon took up 
residence in the one major inlet of the lake; these fish 
were mostly those stocked as spring yearlings. Relatively 
large numbers of these stocked fish subsequently used 
the inlet for spawning, and many moved upstream at least 
as far as Barrows Lake (2.5 miles), which is its source. 

At Love Lake. there appeared to be a strong relationship 
between lake water levels and utilization of the outlet as a 
spawning area. Heavy rainfall in late summer and early 
fall of 1967 initiated the first outlet-spawning run of signifi
cant size during the 8-year project period. Salmon not 
only moved through the trap into the outlet stream, but at 
least three pairs of salmon spawned in the lake above the 
trap. Donor parents for all stockings at Love Lake have 
been salmon that utilize an outlet for spawning, yet prior 
to 1967 only an occasional adult fish emigrated to the 
outlet to reproduce. 

There is good evidence that salmon stocked in Maine lakes 
have a strong tendency to return to the stocking site when 
maturing to spawn. In 1968 and 1969, DeSandre et al. 
(1977) stocked equal numbers of spring yearling (age I) 
salmon in two locations in Rangeley Lake. The sites were 
adjacent to the State Park and the Rangeley Lake outlet, 
located about three miles apart. Salmon were subse
quently trapnetted at each stocking site to evaluate rela
tive recoveries. Of the 1968-stocked fish trapped at the 
outlet site, 72% of the catch was of fish stocked there, 
and of the 1969-stocked fish trapped at the outlet. 58% 
were stocked there. Data for the other trapping site showed 
an even greater tendency for stocked salmon to return to 
the stocking site. 



        
         
          

           
         

          
           

         

         
      

          
        

          
         

        
          
           
          

          
         

          
       

         
    

   

        
         

        
       
        

        
      
        
   

  

        
          

       
         

          
       

       
         

        
          

          
      
        

       

       
          

        
          

          
          

        
         
        

        
        

        
        

         
   

        
           

       
          

       
           

         
       

        
       

         
        

       

         
       

        
         

         
        

          
         
         

      

         
         

          
          

         
         

          
        

          
  

           
         
        

         



Table 42. Predation by various fishes on newly stocked salmon in Maine lakes, 1965-1970. 

No. plantings Predation recorded 
SJ)ecies examined Number Percent 

Chain pickerel 42 27 64.3 

Yellow perch 26 6 23.1 

White perch 22 0 0 

Smallmouth bass 12 3 25.0 

Largemouth bass 3 1 33.3 

American eel 4 0 0 

Fallfish 9 0 0 

Brown bullhead 3 0 0 

Lake trout 17 2 11.8 

Salmon 25 6 24.0 

Burbot 7 2 28.6 

Brook trout 6 0 0 

Brown trout 2 1 50.0 

1 For those fish containing salmon. 

could be seriously reduced. Findings reported by Warner 
(1972) led to adoption of routine scatter planting of stocked 
salmon, which was found to significantly reduce pickerel 
predation. Occasional predation by salmon ids and burbot 
does not presently appear to be a serious factor in reduc
ing survival of stocked salmon. 

Northern pike are a relatively new predator in Maine, hav
ing been illegally introduced into the Belgrade lakes dur
ing the 1970's. Their range has expanded considerably in 
recent years through additional illegal introductions, and 
they presently occur in 16 lakes in central and southern 
Maine (Brautigam 2001 ). Pike are known to be voracious 
predators and they grow to large sizes (Scott and Crossman 
1998). While their impacts on Maine salmon have not been 
studied in detail, there is strong circumstantial evidence 
suggesting that they are major predators on salmon of all 
sizes in some lakes. Lucas (MDIFW, unpublished data) 
showed that increasing incidence of scarnng observed on 
adult salmon was correlated with declining trapnet catches 
of salmon in Long Pond, Kennebec County (Figure 10). 
Scars were presumed to be the result of attacks by pike. 
The proportion of salmon exhibiting scars serted as an 
Index of pike abundance in the lake. Spring yearling salmon 
stockings have been suspended at Long Pond in favor of 
larger fall-yearlings in an effort to reduce pike oredation. 
This strategy apparently has been unsuccessful, and the 
Long Pond salmon fishery has continued to decline (J. 
Lucas, MDIFW, personal communication). 
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No. predators Predation recorded No. salmon 
examined Number Percent per stomach 1 

523 152 29.1 1.7 

558 14 2.5 1.2 

383 0 0 0 

76 10 13.2 1.3 

10 3 30.0 1.3 

00 0 0 0 

43 0 0 0 

14 0 0 0 

169 5 3.0 2.4 

161 7 4.3 2.0 

68 5 7.7 2.0 

15 0 0 0 

2 1 50.0 1.0 

Figure 10. Incidence of scars and trap net catch rates 
of salmon on spawning runs at Long Pond, Kennebec 
County, 1988-2000. 
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Eels are known predators on sea-run Atlantic salmon in 
streams (Godfrey 1957 and Elson 1957b), but in four 
plantings in Maine, 69 eels examined had consumed no 
stocked landlocked salmon (Table 42). Most of the eels 
examined, however, were from one lake, and many may 
have been too small to consume age I stocked salmon. It 
is almost certain that eels prey on young landlocked 
salmon during their movements from stream nursery ar
eas into lakes. Young salmon would also be vulnerable to 
eel predation for at least part of their first year of lake life, 
before attaining a size at which they would become too 
large for eels to consume. 



        
        

          
         
        

        
        

        
        

        
         

  

        
        

      
       

          
         

       
         

       
         

   

         
        

           
            

        

            
         

         
           

         
           

           
        

        
          

        

  

         
       

          
        

        
         

          
        

        

         
         

         
          
    

        
        
         

        
      

            
          
        

        
       

      

          
           

         
          

      
           

         
         

         
        

        
          
        

          
  

         
         

        
          

       
         

        
            

        
      

          
   

       
         

        
          

         
         



        
        

         
           

        
         
         

           
        

         
     

        
         

          
        

          
       

       
        

         
        

          
 

          
     

          
          

        
         

         
         

           
     

        
        

       
      

         

 
  
   

   
   

    
   
        

 
    

   
    

   
      

 
    
 

   
    

    
        

 
    

  

 
  

 
  

 
   

   

 
    

 
    



2002 Maine DIF&W 

The nematode Phifonema agubemacu/um can cause functional steriflty 1n landlocked salmon. (Russ Danner, MDIFW) 

develop in the body cavity, destroying internal organs and 
rendering adult salmon functionally sterile. Adhesions 
caused by this worm also affect the aesthetic value of 
dressed fish. Meyer (1954) described the effects of this 
parasite on salmon as follows: "This worm ... is found in 
both the immature and mature stage in the same fish host. 
In the larger fish worms cause adhesion of the viscera. 
These adhesions may not only bind the organs together 
but also attach the mass of viscera to the body wall ... 
When these adhesions are broken and the organs sepa
rated, many worms of both sexes in different stages of 
development are freed. Apparently this is what happens 
during stripping, when a mass of worms is often forced 
out with the eggs or sperm. In such cases the organs are 
so strongly adhered together that neither normal spawning 
nor stripping is possible, in which case the host is actu
ally egg-bound. In such cases, pathological changes, par
ticularly of the gonads, are apparent. The wall of the ovary 
is greatly thickened and firmly attached to the other vis
cera. The wall loses its normal transparency, becoming 
nearly opaque. While fully-sized eggs are present, they 
are abnormafly colored, brittle and hard. Also rhere are 
membranes of eggs from the preceding season, the egg 
proper having been reabsorbed in the meantime." 

Mortalities from external parasite infestation are common 
in hatchery pools, but these can be controlled in most 
cases by chemical treatment. The precise effects of most 
parasites on salmon in the wild, however, have not been 
measured. ln most cases such assessment would require 
intensive research. Chemical control of parasites under 

wild conditions is not presently feasible. The best control 
measure for salmon parasites in the wild is prevention of 
the spread from home waters of the final and intermediate 
hosts of parasites known to cause severe harm. A prime 
example is prevention of the spread of salmon infested 
with P. agubernaculum to waters where the parasite is 
not present. 

Diseases 

Diseases affecting landlocked salmon have been a prob
lem under hatchery conditions since the beginning of fish
cultural operations in Maine. In the crowded conditions of 
hatchery pools, various diseases sometimes reach epi
zootic proportions, resulting in death of large numbers of 
salmon. While some diseases have been documented as 
occurring in wild salmon populations, their effects are usu
ally less severe than under hatchery conditions where 
stress factors reduce the fish's 1mmune defenses and 
make infection more likely (Danner 2004). 

Fish health investigations and disease monitoring have 
been routinely carried out in Maine hatcheries since the 
late 1960's. Most recently, a few wild salmon populations 
have been screened for several infectious diseases of na
tionwide concern (Danner 2004 ). The diseases known to 
occur in landlocked salmon in Maine are presented in Table 
44. For a general account of fish diseases, the reader is 
referred to Davis ( 1956) and Hoffman ( 1999). 
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LANDLOCKED SALMON SPORT FISHERIES 
History of salmon sport fisheries 

The acrobatic prowess ot landlocked salmon was praised 
in many early popular accounts, and by the state's first 
Fish Commissioners. Stillwell and Stanley (1874b) com
mented, uAs a game fish they have no equal. We have 
caught many fresh and sea salmon in our day. but nothing 
that we have ever hooked on to can equal one of these 
fishes m his electric like leaps and runs .. " Stillwell and 
Stanley (1888) wrote, " the wide popularity of this fish, its 
splendid game qualities, its excellence as a table fish, 
have allied to a wide popularity almost amounting to en
thusiasm." 

Dr. W.C. Kendall holds a 16·pound landlocked salmon caught In 
Sebago Lake on August 1. 1907. (Kendall Warner) 

Very few anglers benefited from the early sport fishery, 
however. Stillwell and Stanley (1883) attempted to arouse 
more interest in Sebago Lake salmon flshmg as follows: 
"Were the fish better known. this lake would be more vis
ited than Dominion waters, and with the same outlay of 
time and less money. with as great success .. . The habits 
of the fish have not been carefully studied by local 
anglers ... Sebago Lake is worthy of the persevering study 
of any good angler, and we think with surety of reward.·· 

During this period of early development of the sport fish
ery, poachers accounted for large numbers of landlocked 
salmon, as evidenced by the following scornful condem
nations by the early Commissioners: "These fishes of 
Reed's Pond {Green Lake}, have not only been very much 
thinned out by the merciless slaughter of them on their 
spawning beds, by the class of drunken roughs who lived 
by pot-hunting and poaching, but to fully as great an ex
tent by being deprived of access to their natural spawning 
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ground in swift running water5' (Stillwell and Stanley 187 4b); 
and "A wretched custom of taking these fish on their spawn
ing beds, seems to have existed since time immemorial. 
Indeed, no other method appears to have been known or 
recognized. It is apparently a remnant of barbarism' 
(Stillwell and Stanley 1877). 

Regarding sizes of salmon taken in early sport fisheries, 
Stillwell and Stanley (1888) wrote, "We have two varieties 
of these interesting fish so far as size is concerned, viz: 
those of Sebec Lake and those of Grand Lakes, being 
similar in size, making but a small average of some 2 and 
J7 pounds, while those of Sebago Lake and those of Reed's 
Pond. are very much larger. attaining the size of over 27 
pounds. These cases do not hold good or these fish, wnen 
the progeny of their eggs are planted in their waters." 
Kendall (1935) reported that the largest salmon caught by 
angling was from Sebago Lake and weighed 22 1fz pounds. 

Kendall (1935) , citing Charles Atkins, provided some of 
the earliest records of size of angled salmon from West 
Grand Lake: 

Number of Average 
Year salmon weightje_ound~ 
1856 634 1 .38 
1857 452 1.49 
1858 575 1.42 
1865 379 1.33 

Commenting on sizes of angled salmon In Green Lake 
(Reed's Pond) compared with West Grand Lake, Stillwell 
and Stanley (1874b) stated, "They are the same fish, only 
developed to a greater size by the superior range and pu
rity of the water. and greater supply of feed for both the 
young fry and the growing fish. The Reed's Pond salmon 
have in the past. been caught of great size and wetght, 
viz .. 22, 15 and 10 pounds." It is possible that some of the 
large fish in the very earliest reports were sea-run Atlantic 
salmon. because many river systems were unobstructed 
at that time. 

For Sebec Lake salmon, Stillwell and Stanley (1874b} 
stated, "They are all similar in size and general appear
ance to the Schoodic shiner or salmon." Kendall (1935) 
reported that the average sizes of Sebec Lake salmon 
from 1915 to 1929 ranged from about 2 to about 3 % 
pounds. 

Kendall (1935) wrote on Sebago Lake salmon: "Sebago 
Lake has long had a reputation for large salmon.'' He stated 
that In 1833 the average number taken in a day by a party 
of four was near 25, ranging in weight from 2 to 5 pounds. 



Kendall cited the following average weights for angled 
salmon for several different years: 

Number of Average 
Year salmon weight (pounds}_ 
1886 10 11.2 
1896 26 6.2 
1905 39 8.4 
1909 164 5.5 
1917 176 3.5 

Regarding these average weights, Kendall commented, 
"The records suggest some decrease in size in most re· 
cent years." 

Some of the earlier introductions initially produced large 
salmon within a few years as a result of rapid growth in 
their new environments. Stanley (1882) observed, 'Our work 
in planting landlocked salmon has been amply repaid to 
us this year in the exhibition of most gratifying results at 
Moosehead, at Enfield {Cold Stream Pond), and at 
Rangeley. At Enfield. fish ... were seen on the spawning 
bed this year .. . fully equaling 10 to 12 pounds ... Quite a 
number were seen by the CommissiOner on the spawning 
beds in Rangeley Stream in October. some of them very 
large and estimated by him and others at not less than 10 
or 12 pounds," The salmon at Cold Stream Pond were in
troduced in 1876 and could not have been over age VI. 
Kendall (1916) reported that many 5 to 10 pound salmon 
were taken in the Rangeley Lakes about 5 years after in
troduction. Salmon from 10 to 21 !12 pounds were report· 
edly common in the Fish River Lakes 9 years after their 
introduction (Cummings 1903). 

The challenge offered by the salmon as a sport fish has 
been most fully recognized within the past 100 years. Ac
cessibility to salmon waters gradually improved after 1900, 
first through improved railroads, and later because of im· 
proved automobile transportation and better road networks. 
Logging operations, using more advanced equipment, in
creased accessibility to more and more salmon waters, 
especially after World War II. Access to salmon waters in 
northwestern and northern Marne improved dramatically 
after the 1970's as permanent logging roads were built to 
accommodate large-scale salvage of trees damaged by 
budworm, and to provide a transportation system to re
place river drives. 

W1th these improvements in access, an increasing num
ber of anglers began to take advantage of opportunities for 
salmon fishing, and salmon soon became one of Maine's 
most sought-after sport fish. Coincident with improved ac
cess and Increased fishing effort, lake inventories revealed 
additional potential salmon waters that could provide fish· 
eriesthrough introductions. Successful introductions were 
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made in many waters, further increasing fishing opportuni
ties and angler use. By 1975, 161 lakes supported viable 
salmon fisheries (Havey and Warner 1976), and by 1990 
there were 209 lakes comprising about 548,000 acres 
(DeSandre 1991 ). 

While access to the salmon sport fisheries was aided by 
improved mechanical equipment, expanded transportation 
networks. and new introductions, certain other conditions 
tended to reduce opportunity tor use. With an increasing 
human population and generally improved access, fishing 
camps and summer cottages began to proliferate on the 
shores of many salmon lakes, often leaving no opportunity 
for public access by other anglers. Opportunity for use by 
the general angling public was also restricted by chaining 
of roads in wild lands by some large landowners. and post· 
ing of access roads by small landowners in more popu
lated areas. Recently, public access to salmon lakes has 
been affected by increased user fees, new tees, and by 
outright purchase or leasing of access rights to private 
individuals or groups. Aggressive acquisition programs by 
the Maine Departments of Conservation and Inland Fisher
ies and Wildlife have met with some success, but land
owner and campowner opposition has frustrated efforts to 
provide access to some waters. This has resulted in ces
sation of salmon stocking and reduced salmon fishing op
portunities in several waters because of "unequal access" 
by the public. 

Beginning with the early battles against abuse by poach
ers. fishmg regulations became more restrictive as num
bers of anglers using the salmon resource increased. Over
restriction sometimes resUlted from efforts of anglers and 

Lucian Cyr caught this large salmon 1n Long Lake, St. Agatha on 
June 13. 1941. The fish weighed 19 pounds, 11 oun~es. 
(Reginald Roderick) 



        
       

         
         
        

         
      

       
       

          
 

         
        

          
       

        
         

        
        
         

        
     

          
        

 

   

         
         
         

         
            

          
        

            
           

          
    

       
          

         
            

            
          

        
            

            
             

          
         

       
           
          

         

             
 

       
       

           
         

           
       

         
         

    

          
            

          
         

          
          

        
         

           
         

         
        

           
              

          
         

          
         

         
         

           
          

      

          
       

          
          

          
           

         
        

          
          

        

          
          

         
        

             
     



As surface temperatures warm to about 65°F, usually in 
mid-June, salmon often seeK deeper, cooler water, and 
some fishermen follow suit by using heavier rigging and 
fishing deeper. Some anglers use the same equipment as 
for early spring fishing but with more weight attached to 
reach greater depths. A favorite rig for this season is a 
string of shiny spinners followed by a leader and a sewn 
smelt or minnow; some anglers prefer earthworrrs for bait. 

As the season progresses through June, July, and Au
gust, water temperatures in most lakes become progres
sively warmer to greater depths. To be successful, anglers 
must resort to other methods to reach cool water and catch 
salmon. Atthis time, many fishermen troll with a lead-core 
or wire line with various baits attached. As mentioned pre
viously, an increasing number of anglers are using fish find
ers and downriggers to enhance their late-summer angling 
efficiency. Some prefer spinners preceding their natural 
bait or artificial lure, while others simply use a long leader 
with their bait or lure following. Still or "plug" fishing by 
anchoring over favored fishing areas is another widely used 
method of salmon fishing at this time of year. Fishing in 
deep, cool water using earthworms, a live minnow or smelt, 
or a piece of "cut baif' will often produce salmon when 
other methods fail. 

During especially cool and rainy summers. surface water 
temperatures sometimes remain cool throughout the sea
son. When such conditions occur, salmon may remain 
near the surface and provide "spring-type'' fishing with light 
trolling gear throughout the summer. Salmon may also pro
vide summer fishing when rainy, cool summers produce 
an abundant flow of cool water in larger rivers and thor· 
oughfares. Some skilled anglers are successful in taking 
salmon throughout normal summers by surface trolling in 
very early morning or late evening. 

As air and water temperatures begin to cool in September, 
salmon return to the surface waters and range widely 
throughout the lake. Trolling, using methods employed in 
early spring, often produces good fall fishing. Fast Sep
tember fishing is often enjoyed by trolling or casting flies 
near tributaries or outlets where salmon gather in prepara
tion for their fall spawning migrations. 

Fly fishing can be one of the most fascinating and produc
tive methods for catching salmon when conditions are right, 
and is a preferred method for river fishing. Hatches of may
flies or other aquatic insects may occur almost anytime 
during the open water fishing season, and fishing at such 
times with a dry fly may yield furious action. In lake outlets 
where "smelt drift" occurs, streamer flies imitating a 
wounded smelt are often used with good success. 

Spin casting has become a popular and effective method 
of salmon angling. This method is usually most effective in 
spring and fall when salmon inhabit riffles and pools of 

streams, rivers, and thoroughfares, or in lakes at the 
mouths of spawning streams. 

In an early reference to ice fishing for salmon, Stillwell and 
Stanley (1874b) commented, ''They are not as a general 
rule fished tor in the winter through the ice with much suc
cess. We have known of exceptions where quite a num
ber have been taken through the ice, but it is our opinion 
that they resort to the muddy bottoms of vel}l deep wa
ters, and exist in a semi-hibernating state." While salmon 
may be somewhat less active during the winter, the ability 
of many anglers to catch salmon through the ice, often in 
large numbers, indicates that the opinion of early Com
missioners was not entirely accurate. 

Ice fishing for salmon has gained wide popularity with Maine 
anglers. Technological advances have made icc fishing 
far more efficient and comfortable than even 20 years ago. 
Few anglers now venture forth on snowshoeswith a pack 
basket of tip-ups, ice chisel, a bucket of live bait, and a 
hand-dragged tote sled. Most present-day anglers are 
equipped with power ice-augers, snowmobiles or all-ter
rain vehicles, and portable shelters. Some anglers are even 
equipped with fish finders and global positioning systems 
to locate and mark salmon concentrations. "Cities'' of ice 
fishing "shacks", "cabins", or "shanties" are common 
sights on many salmon waters. Nearly all have some sort 
of stove to keep warm, and some even have bunk beds, 
tables, chairs, and radios or televisions. 

Live smelts are the most popular bait for ice 1ishing, and 
they are very effective for salmon, but minnows or night 
crawlers are also used. Tip-ups remain the most preva
lent gear for salmon ice fishing. Tip-ups used for many 
years by anglers have even been modified for more effi
cient angling. A battery-operated "automatic jigger'', for 
example, is now on the market. "Jigging" or 'bobbing" a 
natural bait or artificial lure has become an increasingly 
popular method of ice fishing. Metal lures such as the 
lead fish, Swedish pimple, or Vike are popular jigging baits. 
A small piece of fish or earthworm is often attached to the 
lure. Cut fish, dead smelts, or earthworms are also pre-

Winter angling for salmon is sometimes conducted from rather 
elaborate and comfortable "ice shacks". (Dave Boucher, MDIFW) 
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Table 46b. Angler use and fishing success for landlocked salmon in Maine lakes, 1989-2004. Data are from clerk creel 
surveys. 

WINTER SEASON 

Number of Number of angler Catch of legals Catch of legals 
Lake County Year angler trips trips/acre/year /angler trip /angler hour 
Long Lake Aroostook 2000 4,498 0.75 0.74 0.110 
Long Lake Aroostook 2001 6,296 1.05 0.40 0.067 
Long Lake Aroostook 2002 4,141 0.69 0.47 0.065 
Long Lake Aroostook 2003 3,641 0.61 0.78 0. 110 
Cross Lake Aroostook 2000 684 0.27 0.03 0.005 
Cross Lake Aroostook 2001 908 0.36 0.40 0.059 
Cross Lake Aroostook 2002 536 0.21 0.06 0.008 
Cross Lake Aroostook 2003 489 0.19 0.26 0.034 
Square Lake Aroostook 2000 1,330 0.16 0.96 0 .154 
Square Lake Aroostook 2001 1,280 0.16 0.81 0.120 
Square Lake Aroostook 2002 2.305 0.28 1.10 0.160 
Square Lake Aroostook 2003 1,478 0.25 0.84 0.122 
Square Lake Aroostook 2004 2.793 0.34 0.98 0.161 
Eagle Lake Aroostook 2000 1,267 0.23 0 .52 O.o78 
Eagle Lake Aroostook 2001 1.538 0.28 0 .39 0.056 
Eagle Lake Aroostook 2002 1,637 0.29 0.41 0 .062 
Eagle Lake Aroostook 2003 1,535 0.28 0 .19 0 .030 
Carr Pond Aroostook 2000 536 1.76 0.09 0.012 
Portage Lake Aroostook 1994 434 0. 18 1.25 0.227 
Portage Lake Aroostook 2000 314 0.13 0.16 0030 
St. Fro1d Lake Aroostook 2000 968 0.40 0.20 0 031 
St. Fro1d Lake Aroostook 2002 1,563 0.65 0.24 0.036 
St. Fro1d Lake Aroostook 2003 1,753 0.73 0.17 0 026 
Glazier Lake Aroostook 2004 886 0.79 0.02 0002 
East Grand Lake Wash1ngton 1990 7.275 0.45 0.48 0.085 
East Grand Lake Wash1ngton 1991 7,223 0.45 0.53 0.102 
West Grand Lake Wash1ngton 1992 4,686 0. 16 0.24 0.042 
Alligator Lake Hancock 1999 815 0.70 O.o7 0.013 
Green Lake Hancock 1990 4 ,271 1 14 0.04 0.041 
Long (Great) Pond Hancock 1994 671 0.75 0.24 0.049 
Phillips Lake Hancock 1994 1.462 1.77 0.07 0.010 
Tunk Lake Hancock 1994 2 .277 1.13 0.07 0.010 
Tunk Lake Hancock 2000 859 0.43 0 .05 0.007 
Milhmagassett Lake Penobscot 1993 423 0 .30 0.32 0.047 
Millimagassett Lake Penobscot 1998 671 0.48 0.33 0.049 
Cold Stream Pond Penobscot 2000 2 ,612 0 .72 0 .12 0.025 
Wassookeag Lake Penobscot 1993 1,450 1.37 0 .08 0.019 
Wassookeag Lake Penobscot 2000 1,756 1.65 0 .10 0.043 
Millinocket Lake Piscataquis 1993 206 0.08 0 .61 0.095 
Millinocket Lake Piscataquis 1998 150 0 .06 0 .92 0 .147 
Lobster Lake Piscataquis 1990 920 0 .26 0.18 0.024 
Lobster Lake Piscataquis 1991 1,944 0.56 0.09 0 .014 
Moosehead Lake Piscataquis 1998 11 ,052 0.15 0.06 0 .009 
Moosehead Lake Piscataquis 1999 11 ,182 0.15 0.09 0.012 
Moosehead Lake Piscataquis 2000 11 ,820 0. 16 0.07 0.011 
Sebec lake Piscataquis 1997 2,615 0.38 0.09 0 .012 
Sebec Lake Piscataquis 2000 2 ,640 0.39 0.13 0.018 
Hancock Pond Somerset 2000 293 0.92 0.18 0041 
Spencer Lake Somerset 1995 578 0.32 0.22 0050 
Spencer Lake Somerset 2000 477 0.26 0.49 0.106 
Swan Lake Waldo 1996 1,147 0.84 013 0 031 
St. George Lake Waldo 1996 1,803 1.65 006 0,013 
Parker Pond Kennebec 1999 597 0.39 0.15 0 .032 
Parker Pond Kennebec 2000 470 0.31 0.07 0.015 
Chain of Ponds Franklin 1989 1,074 1.53 0.14 0 041 
Chain of Ponds Franklin 1996 647 0.92 0.08 0.024 
Chain of Ponds Franklin 2002 766 1 09 0.09 0.024 
Tricky Pond Cumberland 1993 1,607 5.13 0.05 O.Q12 
Tricky Pond Cumberland 1994 1,068 3.41 0.01 0.002 
Tricky Pond Cumberland 1995 1 391 4.44 0.14 0.034 

Means:t:standard error : 0.77:1:0.12 0.31:!:0.04 0.051:!:0.006 
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Table 47. Trends in fishing effort and success for landlocked salmon In Maine Lakes, 1950-2000. Data are 
from clerk creel surveys on principal fishery salmon lakes. 

Mean 
Number number of 

Years Season of surveys trips/acre 
1950-1959 Open water 10 0.34 

1960-1969 Open water 34 0.39 

1970-1979 Open water 25 0.79 

1980-1985 Open water 22 1.50 

1986-1990 Open water 58 1.90 

1991-1995 Open water 47 1.26 

1996-2000 Open water 41 0.92 

1970-1979 Winter 23 0.29 

1980-1985 Winter 72 0.82 

1986-1990 Winter 103 1.27 

1991-1995 Winter 86 1.06 

1996-2000 Winter 74 0.50 

from dams located either upstream or downstream, fol
lowed by the release of lower flows to facilitate safe and 
efficient access for anglers. The Moose River, a major tribu
tary to Moose head Lake, is an example of where this type 
of flow management is being used with success (P. 
Johnson. MDIFW. personal communication). 

Salmon that have spawned often linger in rivers through 
the entire winter before returning to lakes. These fish. 
termed kelts, provide early-season fisheries in many riv
ers. Later in the spring, lake salmon commonly enter tribu
tary streams in pursuit of spawning smelts. The timing 
and quality of these transient fisheries are highly depen
dent on river flows and smelt abundance. 

Several Maine rivers support resident salmon populations 
that provide season-long fisheries. Fishing quality in these 
rivers is usually highest during the spring and fall periods, 
but freshets, either from dam releases or naturally occur
ring, can draw fish into popular or accessible fishing loca
tions at any time. The most notable fisheries for river-resi
dent salmon occur in the West Branch Penobscot River 
below Chesuncook Lake, the Kennebec River below 
Moosehead Lake and Indian Pond, and the Rapid River in 
western Maine. 

Many popular salmon fisheries occur In rivers located be
low large lake systems that are highly regulated by hydro
electric or water storage dams. Water releases from dams 
often benefit salmon production because river flows are 
stabilized, resulting in lower maximum flows and higher 
summer minimum flows. Natural recruitment may be en-
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Mean Mean 
Percent of number number of Percent 

annual of legals/ legals/angler legals 
effort angler trip hour released . 0.26 0.057 No data 

• 0.29 0.057 No data 

73 0.26 0.056 <1 

65 0.23 0.044 7 

60 0.20 0.044 22 

54 0.30 0.070 35 

65 0.25 0.060 52 

27 0.19 0.034 9 

35 0.14 0.025 7 

40 0.18 0.030 7 

46 0.23 0.038 15 

35 0.35 0.059 22 

hanced below dams ifflows are adjusted to maximize nurs
ery or spawning habitat, or if discharges from upstream 
waters provide cooling temperatures during the critical sum
mer period. Special flow regimes tailored to benefit sport 
anglers and boaters are sometimes provided in heavily 
fished rivers. 

The importance of dams in maintaining or enhancing river
ine salmon populations and the fisheries they support has 
been most fully recognized during the past few decades. 
Most dam owners are now required to consioer impacts to 
important fishery resources, and many now monitor fish 
populations and fisheries as a condition of their operating 
licenses. This has significantly improved our knowledge of 

hyd1ropo,wer or water storage dams sometimes benefit 
salmon and anglers by provid1ng a steady supply of cool water to 
nvers during the summer months. (Dave Boucher, MDIFW) 



             
     

  
  

 

    
 

 

  
 

 

   
  

   
  

   
  

   
  

   
  

   
  

   
   
   

 
 
  

     
  

     
  

     
  

     
  

     
    
    
    
    
    

  
   
  

   
  

   
  

   
  

   
  

   
 
 
 
 
 
 

  



         

         
           

          
          

           
        

          
          

          
          
        

     

          
         

       
       

           
        

          
         

     

  

         
        
           

         
        
        
         

        
          

           
         

       
       

          
       

          
        
       

            
     

        
          
          

         
          

         
        

        

           
         
         

        
         

          
      
         

     

         
          

          
          

         
          

           
         

         
         

           
         

        
           

         
         

         
        

           
        
          

           
          
         

        
         

        
           

    

          
         

           
          
         

          
          

           
         

           
       

          
            

          
         



ber of years spent in the stream environment, where growth 
is much slower than in lakes. 

Statewide summaries of age composition of the salmon 
harvest in populations supported by hatchery stocks or 
by natural reproduction are given in Table 52. The summer 
harvest of hatchery-reared salmon is presently dominated 
by age II+ to IV+ fish. Age structure of hatchery salmon in 
the winter harvest is heavily dominated by age Ill fish, but 
age II and age IV salmon contribute significantly as well. 
Age IV+ to VI+ salmon provide the bulk of the harvest from 
wild populations during both seasons. The contr but ion of 
age V+ and older salmon is greatest in waters where the 
growth rate is slow or where harvest rates are low. 

Fishery BIOIOQISI Francis Brautigam holds a large male 
landlocked salmon sampled from Aubum Lake, Androscogg~n 
County, 1n 2004. (Jim Pellerin, MDIFW) 

We observed a shift in the statewide salmon harvest to 
younger cohorts after about 1980 (MDIFW, unpublished 
data). This was particularly evident in lakes supported by 
hatchery stocks, but wild fish were also affected. Age IV 
and older hatchery salmon comprised from 30% to 50% 
of the harvest from 1970 to 1979, but these cohorts pres
ently contribute only about 20% of anglers' catches. Much 
of the observed shift toward younger cohorts ir the har
vest was probably attributable to faster growth rates, ear
lier recruitment to legal size, and increased rates of higher 
exploitation, particularly during the winter season. After 
1990, the prevalence of older-age hatchery sa mon ap
peared to stabilize, and in the case of wild fish, ratios of 
age V and older salmon increased. Because salmon growth 
rates remained relatively stable in most waters during that 
period, this suggested that declining angler use and har
vest rates, discussed previously, provided enhanced es
capement to older ages. 

Several Maine studies involving recapture oftagged salmon 
have provided information on the rate of exploitation by 
anglers of salmon in the sport fisheries. At the Rsh River 
Lakes, Warner (1959) found that in 3 years anglers recap-

tured a m1nimum of 28% of 811 salmon tagged on the 
spawning grounds. At Cold Stream Pond, anglers caught 
29% of 1 05 salmon tagged on the spawning run (Bond 
and DeRoche 1956). At Schoodic Lake (Havey and 
Andrews 1973), 34% of 276 salmon (mostly mature) tagged 
in the fall of 1964 were caught by anglers in the 1965 
fishery. The recovery of tagged fish by anglers in 1965 
ranged from 22% (age IV) to 41 % (age Ill). At Sebago 
Lake, only 3.5% of 2,175 salmon tagged on the spawning 
run from 1960 to 1963 were reported caught by anglers 
through the 1964 fishing season (DeRoche 1976). This 
low recovery was attributed to an unusually high mortality 
rate of adult salmon. 

In Rangeley Lake, 428 salmon were tagged on spawning 
runs at Dodge Pond Stream and Long Pond Stream in 
1964 66. A minimum estimate of recovery was 23%, all 
from Rangeley Lake itself. From 1966-69, 844 salmon were 
tagged at Rangeley Lake Outlet; a minimum of 18% was 
eventually recaptured by anglers (DeSandre et al. 1977). 
For Moosehead Lake. AuClair (1982) estimated a mean 
rate of exploitation of 33% for wild salmon and 38% for 
hatchery-reared salmon. Except for Sebago Lake, where 
pollution by the pesticide DDT was a problem (Anderson 
and Everhart 1966). these studies indicate a moderately 
high exploitation of post-spawning adult salmon by an
glers. We believe exploitation rates have declined since 
publication of these studies. because fishing regulations 
have become stricter and release rates of legal fish have 
increased. However, recent exploitation studies have not 
been conducted to verify this. 

Current general law fishing regulations for landlocked 
salmon have changed only slightly since publication of 
the most recent edition of this paper (Warner and Havey 
1985). The daily bag limit on lakes in Washington County 
was reduced in 1990 from three to two fish in order to 
conform to the statewide general rule. The rule prohibiting 
possession of more than 7.5 pounds of salmon in combi
nation with other salmonids was abolished in 1998; this 
rule was deemed unnecessary because bag limits on all 
salmomds were progressively reduced to only one or two 
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Ma1ne landlocked salmon typically range from 16 to 2C inches in 
length and 1.5 to 3 pounds in weight. (Rick Jordan, MDIFW) 



               

   
 

 
 
 
 
 

  
 
 
 

 
 
 
 
 

 
 

 
 

 
 
 

  
 
 

 
 
 
 
 
 
 

  
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

      
 
 



              

 
 

 
 

 
 
 
 
 

 
 
 
 

 
 

 
 

  
  
  
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 
 
 

 
 
 
 

 
 

  
 
 

  
 

    
 
 

Table 49b. Average sizes of landlocked salmon harvested in Maine sport fisheries, winter seasons, 1990-2004. 

Average Average 
Origin Number length weight 

Water Countv offish Year of salmon (inches) (pounds) 
Long Lake Aroostook Hatchery 2001 185 18.0 2.3 
Long Lake Aroostook Hatchery 2002 68 18.9 2.5 
Long Lake Aroostook Hatchery 2003 190 17.0 1.9 
Long Lake Aroostook Hatchery 2004 72 18.2 2.2 
Cross Lake Aroostook Hatchery 1998 33 16.5 1.4 
Square Lake Aroostook Hatchery 2001 101 16.6 1.6 
Square Lake Aroostook Hatchery 2002 112 16.3 1.3 
Square Lake Aroostook Hatchery 2003 93 16.6 1.6 
Square Lake Aroostook Hatchery 2004 112 16.7 1.5 
Pleasant Pond Aroostook Hatchery 1993 36 18.8 2.7 
Pleasant Pond Aroostook Hatchery 1995 56 19.5 2.7 
Milllmagassett Lake Penobscot Hatchery 1998 37 18.0 1.7 
Millimagassett Lake Penobscot Hatchery 2003 32 17.0 1.5 
East Grand Lake Washington Hatchery 1990 700 16.7 1.5 
East Grand Lake Washington Hatchery 1991 705 16.5 1.5 
Cold Stream Pond Penobscot Hatchery 1994 38 17.4 1.8 
Duck Lake Hancock Hatchery 1992 62 19.3 2.5 
Duck Lake Hancock Hatchery 1997 48 17.9 1.8 
West Lake Hancock Hatchery 1996 68 18.6 2.3 
West Lake Hancock Hatchery 2002 50 17.3 1.6 
Alligator Lake Hancock Hatchery 1992 67 H .4 1.8 
Green Lake Hancock Hatchery 1990 31 15.8 1.2 
Green Lake Hancock Hatchery 1991 42 16.7 1.5 
Branch Lake Hancock Hatchery 1990 73 16.3 1.3 
Branch Lake Hancock Hatchery 1991 35 17.2 1.5 
Swan Lake Waldo Hatchery 1994 53 16.3 1.4 
Swan Lake Waldo Hatchery 1996 61 16.6 1.8 
Parker Pond Kennebec Hatchery 1991 29 16.6 1.3 
Parker Pond Kennebec Hatchery 1992 36 16.4 1.3 
Parker Pond Kennebec Hatchery 2001 26 17.5 1.9 
Spencer Lake Somerset Hatchery 2000 58 15.2 1.0 
Clearwater Pond Franklin Hatchery 1990 86 15.7 1.4 
Thompson Lake Oxford Hatchery 1996 30 19.0 2.6 
Square Lake Aroostook Wild 1998 32 16.8 1.6 
Square Lake Aroostook Wild 2002 47 16.8 1.4 
Square Lake Aroostook Wild 2003 32 17.1 1.6 
Square Lake Aroostook Wild 2004 50 17.0 1.6 
Eagle Lake Aroostook Wild 2001 52 15.6 1.1 
Eagle Lake Aroostook Wild 2002 37 15.4 1.1 
St. Froid Lake Aroostook Wild 2003 66 15.3 1.0 
Moosehead Lake Piscataquis Wild 1990 241 16.9 1.4 
Moosehead Lake Piscataquis Wild 1991 219 16.8 1.4 
Big Wood Pond Somerset Wild 1991 26 15.8 1.2 
Indian Pond Somerset Wild 1998 30 16.3 1.4 

Mean of means±standard error: Hatchery salmon 17.2±0.2 1.8±0.1 
Wild salmon 16.3±0.2 1.4±0.1 

All salmon 17.0±0.2 1.7±0.1 
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opment, because catch rates for all anglers are often higher, 
escapement to older cohorts may be improved, and an
glers' overall satisfaction with the fishery is thereby en
hanced. Yet we acknowledge that salmon repeatooly caught 
and released are subjected to a variety of stresses associ
ated with exhaustive exercise during the landing process, 
handling, and air exposure during hook removal and photo
graphing. 

The sublethal effects of repeated handling on the physi
ological response by salmon are unknown. Nor do we un
derstand the potential to affect reproductive and feeding 
behavior, or resistance to parasites, diseases, and fungal 
infection. We have, however, observed high incidences of 
hooking-related injuries coincident with increasing release 
rates of legal salmon, and we have documented that salmon 
with hooking scars exhibit reduced growth rates when com
pared to those without obvious injuries (MDIFW, unpub
lished data). For the purpose of this discussion, hooking 
injuries are defined as obvious tissue damage to external 
areas such as the maxillaries, the mandible, the tongue, 
or the eyes (see photos). 

Of 3,026 salmon recently sampled from 27 lakes, 21 % 
exhibited obvious signs of hooking injury. Among the indi
vidual lakes, rates of hooking injury ranged from 6% to 
39%. Some of the highest incidences of injury occurred in 
lakes where release rates of legal salmon are known to be 
very high (e.g. the Rangeley Lakes chain). Injury rates of 
hatchery salmon (22%) and wild salmon (18%) were simi
lar. 

Injuries to both hatchery and wild salmon generally in
creased with age and the time they were subject to fish
ing. The peak rates among cohorts occurred at older ages 
for wild salmon than for hatchery fish. This was attributed 
to their slower growth, later recruitment to legal size, and 
delayed vulnerability to fishing gear. 

Hatchery-reared salmon exhibiting hooking scars were sig
nificantly (p<0.05) shorter and weighed less at age than 
those without scars (Table 56). Suppressed growth and 
lower body weight were apparent for all hatchery cohorts 
analyzed (ages II+ to V+). Age V+ and age VI+ wild salmon 
with injuries were significantly shorter at age than those 
not injured (p<0.05). Age VI+ wild salmon with scars 
weighed significantly less (p<0.05) than uninjured fish . 

These data suggest that high release rates practiced by 
many anglers may place constraints on the maximum 
growth potential of salmon that are caught and released 
several times. This has important management implica
tions if release rates continue to rise, or if additional wa
ters are selected for trophy-fish management. While we 
welcome and support the evolving angler eihic of catch 
and release fishing, we note that the sublethal effects of 
hooking injuries need further study to identify ways to re
duce the severity of injuries, such as terminal tackle re
strictions or angler education programs. 

Figure 11 . Angler release rates of legal-size landlocked salmon in Maine lakes, 1985·2000. 
Data from clerk creel surveys. 
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Landlocked salmon showing no evidence of hooking injury. (Rick 
Jordan, MDIFW) 

Landlocked salmon with a severe hooking injury to the chin. (Rick 
Jordan, MDIFW) 

Landlocked salmon with a torn maxillary from being previously 
hooked and released (Rick Jordan, MDIFW) 

Table 56. Comparative sizes of Maine landlocked salmon with and without hooking scars. Data from spawn
ing run surveys conducted on 27 lakes, 1995-2002. Numbers of fish sampled are in parentheses. Paired 
values marked with asterisks denote a significant difference (p<0.05). 

Hooking 
Origin scars 
offish oresent? II+ Ill+ 

Hatchery Yes T. length (in) 16.6(151}* 18.8 (180)* 
No T. length (in) 17.1 (656)* 19.5 (461)* 

Hatchery Yes Weight (lb) 1.5(151)* 2.3(180)* 
No Weight (lb) 1.7 (656)* 2.7(461)* 

Wild Yes T. length (in) 14.2 (28) 
No T. length (in) 13.4 (144} 

Wild Yes Weight (lb) 1.0 (28) 
No Weight (lb) 0.8 (144) 
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Age 
IV+ 

19.5 (51)* 
20.6 (142)* 

2.6 (51)* 
3.1 (141}* 

15.1(42) 
15.9(111) 

1.2 (42} 
1.5 {111} 

V+ 
20.5 (12)* 
22.4 (56)* 

2.9 (12)* 
4.0(56)* 

14.9 (45)* 
16.3 (149)* 

1.1(45)* 
1.6 (149)* 

VI+ 

16.2 (33)* 
17.2 (78}* 

1.4 (33) 
1.8 (77) 



THE ROLE OF HATCHERY-REARED SALMON 
History of Maine landlocked salmon hatcheries 

The first recorded attempts at formal fish culture in Maine 
were made using landlocked salmon. In 1867, Nathan Fos
ter and Charles Atkins, Maine's first Commissioners of 
Fisheries, collected about 2,500 eggs from salmon taken 
in a tributary to Long Lake in Harrison. These eggs were 
incubated in a spring at Manchester in Kennebec County. 
This project failed, but the following year Atkins took eggs 
at Grand Lake Stream. A portion of these eggs were sent 
to Massachusetts, 800 were placed in a tributary to 
Cathance Lake in Washington County, and the remainder 
were taken to Manchester where about 3,000 salmon were 
h;:ltched. Eight hundred of these fry were kept at a private 
hatchery in Alna where they reached a length of about 5 
inches after 9 months (Locke 1969). 

Around 1873, the U.S. Fishery Commission established 
the Sebec Landlocked Salmon Breeding Works near 
Sebec Lake in Piscataquis County. This facility operated 
for two or three years before being abandoned for unknown 
reasons. Also in 1873, Maine Commissioners took their 
first eggs from Sebago Lake, and then in 1875 constructed 
a small hatching house at Songo Locks. Charles Atkins, 
now employed by the U.S. Fishery Commission, resumed 
his egg-taking operations at Grand Lake Stream in 1875. 
By 1885, Maine Commissioners had constructed a weir 
at the mouth of the Crooked River at Sebago Lake and 
improvised a hatching house at Ede's Falls, where a small 
hatchery was erected in 1892 (Locke 1969) . 

From the mid 1950's and through the 1960's, landlocked 
salmon egg-taking operations were conducted primarily 
at West Grand Lake (Grand Lake Stream), Panther Run 
(Jordan River on Sebago Lake) , and Cross Lake Thor
oughfare in Aroostook County. Salmon eggs were also 
taken periodically at Cold Stream Pond and Rangeley Lake 
outlets. During this period, eggs taken from Grand Lake 
stream were hatched and raised at the Caribou Hatchery. 
Eggs from Cross Lake Thoroughfare were initially hatched 
at the Caribou Hatchery and raised at both the Caribou 
and Birch River Stations, both later closed, and subse
quently at the Enfield station. Eggs from Sebago were 
hatched at the Raymond Hatchery on Panther Run, which 
was later abandoned in favor of a newer facility in Casco. 
Cold Stream Pond eggs were hatched and raised at the 
Enfield station, which was later relocated farther down the 
outlet stream. Rangeley Lake eggs were hatched and 
reared at the former Oquossoc Station (later sold}. 

Eggs for Maine's salmon stocking program are currently 
obtained exclusively from feral fish captured on spawning 
runs at West Grand Lake (Grand Lake Stream) and Sebago 
Lake (Jordan River) . These two brood sources are pre-

ferred over the others because their fish are of outstanding 
quality, and the spawning runs occur in close proximity to 
two major rearing facilities. 

A minimum of 1 00 males and 1 00 female salmon are 
stripped at each site in order to maintain high genetic di
versity. Eggs are incubated and fish are raised to stocking 
age at the Grand Lake Stream, Casco, and Enfield Hatch
eries. Some fry are transferred from these hatcheries to 
the Ela Rearing Station in Embden where they are held 
until planting. All these facilities are fed by lakes with ex
ceptionally high water quality. The three hatcheries are 
equipped with filtration and ultra-violet light treatment sys
tems to improve water quality and reduce the prevalence 
of bacterial and viral infections. 

There have been considerable improvements in fish health 
and rearing conditions in Maine salmon hatcheries. These 
include reduced rearing densities, improved sanitation pro
cedures, protection from light exposure, the construction 
of water treatment facilities, and improved nutrition and 
feeding regimes. A fish pathologist and microbiologist uti
lize a fully equipped diagnostic laboratory to continuously 
monitor fish quality at all stations, and they supeNise treat
ment procedures when necessary. In addition, salmon uti
lized as brood stock are screened annually for a variety of 
pathogens prior to their eggs being transferred to the hatch
ery. As a result, the size and quality of Maine salmon raised 
in the hatchery environment have improved considerably 
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"Fish Camp" on Cross Lake Thoroughfare, where landlocked salmon 
eggs were once taken for statewide distribution. Pholo taken in 
November, 1902. (Kendall warner) 



(Figure 12). Addrtional upgrades to Maine's salmon hatch
eries were well underway in 2005. 

Hatchery-reared salmon continue to contribute significantly 
to the landlocked salmon fishery in Maine. Of 1761akes 
that provide principal salmon fisheries in the state, 127 
(72%) totaling 372,951 acres (77%) are judged by Re
gional Biologists to require stocking to maintain satisfac
tory fisheries.lndeed, numerous lakes would provide virtu
ally no salmon fishery if they were not stocked. Hatchery
reared salmon comprise approximately 69% ol the esti
mated legal-size catch in those Maine lakes that provide 
principal salmon fisheries (Boucher 2001 ). 

Figure 12. Trends in stocking rate (number/surface 
acre) and size (number/pound) of spring yearling 
salmon stocked in Maine lakes, 1975-2004. 
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Salmon stocking policies 

Since 1960, salmon stocking in Maine lakes has been 
guided by written stocking policies. These poicies are 
based primarily upon results of continuous moritoring of 
salmon fisheries within the state, and are revised andre
fined periodically. Since the printing of the last edi1ion of 
this bulletin (Warner and Havey 1985), these policies have 
been revised three times, most recently in 2001. Primary 
changes from previous policies involve stocking frequency 
and density. 

Wild salmon are given first priority where fisheries can be 
maintained through natural reproduction. Salmon are 
stocked only in waters capable of growing them, but where 
spawning and nursery habitat is either absent or limited. 
They may be stocked in waters havtng other coldwater 
fish spec1es - the most common associations are with 
brook trout and lake trout. In any case, abundant quanti
ties of smelts must be present to provide forage and sus
tain salmon growth. 

All salmon stocking falls into one of three categories: main
tenance stocking; introductory stocking; or experimental 
stocking. Ma1ntenance stocking is routine, continuous 
stocking intended to supplement or substitute for natural 
reproduction.lt is carried out where habitat is suitable for 
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older juvenile and adu" salmon, where spawnng and nurs
ery habitat is limited, and where fishing pressure is suffi
ciently high to ensure a reasonable return to anglers. 
Maintenance stocking is done primarily on an annual ba
sis, but biennial or triennial plantings are made in several 
smaller lakes where forage is limited by the presence of 
other salmonids, principally lake trout. 

Introductory stockings are made to establish new popula
tiOns, which are to be later maintained by either natural 
reproduction or occasional mamtenance stock1ngs. In
troductions are usually made With a senes of annual stock
Ings of spnng year11ngs (age !).Introductory stockings are 
rarely undertaken today because the great majority of suit
able salmon habitat has already been identified. 

Experimental stockings are made In either classical or 
marginal salmon habitats to obtain information on growth, 
survival, fishing quality, or effects of certain regulations. 
Experimental stockings are not required to be either at 
policy rates or at policy frequencies. but rather are estab
lished by the investigator in keeping with the design and 
goals of the experiment. 

The number stocked is determined primarily by the ability 
of individual waters to grow salmon. Levels oi angler use, 
harvest rates, relative contributions from natural recruit
ment, and whether the lake is open to lee fishing are also 
taken into consideration. Numbers of salmo'l stocked in 
Maine have been declining steadily over the past two de
cades (Figure 12), reflecting the realization by manage
ment biologists that overstocking, even to a minor extent, 
can result in depressed smelt abundance, follcwed by slow 
salmon growth and reduced fishing quality. 

The improved quality of our hatchery fish in itself requires 
that fewer fish be stocked. Most recently. high release 
rates practiced by modern anglers and reduced fishing 
effort have resulted in stockpiling of young salmon in many 
waters. This has forced biologists to adjust stocking rates 
further downward to maintain the appropriate balance be
tween salmon and smelts. Havey (1980) discussed the 
quantitative relationship between stocking rate and growth 
and yield of hatchery-reared salmon in Maine lakes. 

In lakes, the stocking rate is expressed as the number of 
salmon per surface acre stocked and does not exceed 
1.5 fish per acre; most waters receive between 0.4 and 
0. 7 salmon per acre. Densities are kept lowest where brook 
trout or lake trout are stocked or are present naturally in 
significant numbers, or where management emphasizes 
slow catch rates for larger salmon. Currently (2000-2004), 
about 113,000 spring yearling (age I) salmon are stocked 
annually in Maine lakes at an average rate of about 0.43 
fish per acre. These fish average about 7 inches long and 
3 ounces in size at stockmg. 



The large size of spring yearling salmon now available for 
stocking (Figure 12) has nearly eliminated the necessity 
of using older, more costly fall yearling (age It) fish for 
maintenance stocking, even when predation and/or com
petition from other species is quite intense. Most salmon 
(83%) presently stocked in laKes are planted as spring 
yearlings. Other cohorts are occasionally stocked to meet 
the needs of specific management programs. For example, 
large fal l yearling salmon are now routinely stocked in some 
lakes to provide immediate winter fishing opportunities in 
heavily fished lakes, primarily in southern Maine. These 
new stocking programs have not yet been fully evaluated, 
but preliminary data suggest that those lakes' spring year
ling-based salmon fisheries have not been compromised. 
Large fall yearlings are also being stocked with increasing 
frequency to create new, short-term stream fishing oppor
tunities where demand for riverine salmon fishing is high 
and suitable habitat is limited. Spring yearling or adult 
salmon are used for this same purpose in some waters. 
The demand for riverine salmon fishing is increasing in 
Maine, particularly for those occurring during the fall months 
(Boucher 2001 ). We anticipate that more of these types 
of stockings will be initiated during the next several years, 
if current or projected hatchery capacity proves capable of 
supporting it. 

Recoveries of hatchery-reared salmon 

Numerous studies conducted in Maine have shown that 
spring yearling salmon give the best return to anglers. 
Havey (1973a) could demonstrate no difference (p>0.05) 
between recoveries of salmon stocked as spring and fall 
yearlings at Schoodic Lake in Washington County between 
1963 and 1 966. Fish involved were captured by angling 
(987 salmon} and trapnetting (1 ,018 salmon). At Schoodic 
Lake there was a significant difference between recover
ies of fall fingerlings (age Ot) and fall yearlings (p<O.OS), 
but not between fall fingerlings and spring yearlings, pos
sibly because of the smaller size of the spring yearlings 
commonly stocked in the early to mid-1960's. 

Warner and Havey (1 985) reported the results of intensive 
studies designed to compare the performance of salmon 
planted in four lakes as fall fingerlings, spring yearlings, 
and fall yearl ings. The Schoodic Lake study cited above 
was included in this analysis. There was a significant 
difference (p<O.OS) between total recoveries of fall finger
lings (5.9%) and fall yearlings (21.1%), but no significant 
difference (p>O.OS) was found between the percentage re
coveries of spring yearlings {22.6%) and fall yearlings 
(21 .1 %). The overall results of this assessment are tabu
lated in Table 57. 

Havey (197 4b), working with spring and fall yearling salmon 
at Love Lake, Washington County, obtained trap net re
coveries of 76 spring yearl ings and 525 fall yearlings re
spectively, from 4,544 spring yearlings and 4,573 fall year-

lings planted between 1965-71 (30,073 net hours). Only 
one of the spring yearling plantings (1967) produced a rea
sonable recovery (60 fish). This cohort averaged 5.4 inches 
in total length when stocked. The 1965 and 1966 cohOrts 
of spring yearlings averaged 4.2 inches and 3.9 inches in 
length, respectively, when stocked. Fall yearlings were 
somewhat larger. The average length of the three fall year
ling cohorts stocked was 6.4±0.5 inches. Within the six 
cohorts of salmon planted from 1965-67, there was a high 
positive correlation (0.94, p<0.05) between size at plant
ing and subsequent net catches; i.e. the larger the plant
ing sizes (inches), the greater was the return of salmon in 
subsequent years. No data for angled fish were available 
from the Love Lake project. A planting of age II salmon in 
May 1962 (9.8 inches average length) yielded a high sub
sequent recovery in trap nets (15%}. Havey concluded that 
spring-planted salmon at lakes similar to Love Lake may 
be expected to exhibit satisfactory survival if they are of 
large size. Love Lake has marginal water qual ty and heavy 
competition from several warmwater species. 

DeRoche (1 976) determined that spring yea~ings and fall 
yearlings planted in equal numbers at Sebago Lake oc
curred at about the same frequency in lake angler catches 
(1.03: 1:00, respectively), and in spawning runs in the Jor
dan River. a tributary of Sebago (0.99:1 .00, respectively). 

An aerial view of a modem salmon hatchel)' located on Grand 
Lake Stream, Washington County. (MDIFW) 
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attempLng to Jump Cowyard Fals on 
(Photo prov1ded by Kendall Warner) 

Cowy~d Falls 1n 1999, 109 years later. (Tim Obrey, MOIFW) 
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