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Mount Desert Island (MDI) is home to several watersheds that historically have 
supported anadromous fish species (Rounsefeld and Stringer 1943, Newlin 1989).  Since its 
colonization by Europeans, beginning with the French in 1604, the numbers of anadromous fish 
have declined (www.discover-acadia.com).  This decline has also been seen along the entire 
eastern seaboard (Atlantic States Marine Fisheries Commission 2009).  In addition to the current 
runs on MDI, there was also a historic anadromous fish run in Denning Brook, whose watershed 
is located between Somesville and Southwest Harbor, ME.   

The alewife, Alosa pseudoharengous, is one of these species.  The alewife spawns in 
freshwater systems during the early summer and juveniles migrate out to the ocean in the fall, 
where they will continue to grow and eventually return to their natal rivers to spawn.  On Mount 
Desert Island, two streams are known to have current alewife runs, Somes Brook in Somesville 
and Seal Cove Brook in Tremont.  The run in Somesville was harvested commercially by Dennis 
Smith during the 1970s, but no longer supports that level of fishing pressure (Dennis Smith 
personal communication).  No commercial harvest of alewives currently occurs on MDI. 

Denning Brook is also located in Somesville and is the outflow of the second largest 
pond on MDI, Echo Lake.  Denning Brook is only one-quarter mile from Somes Brook (Havey 
1952), where it extends from Somes Sound and eventually passes through Little Echo Lake with 
an upstream terminus in Echo Lake following its one mile run (Davis 1958).  The origin of the 
brook’s name is unclear, with an 1881 map that does not show anyone named Denning living in 
the vicinity of the brook (Colby and Colby 1881).  The brook is visible but unnamed on this map, 
however, in a map from 1893, compiled by Edward L. Rand, the brook is labeled as Denning 
Brook. 

This report attempts to provide background work that could help support restoration work 
on anadromous fishes in Denning Brook, with particular attention to alewives.  The first section 
gives historical information on the alewife runs on Denning Brook, followed by a summary of 
the general physical and water-quality characteristics believed necessary to maintain a successful 
alewife run.  This is followed by an historical timeline for both fish passage and fish species 
present in the Denning Brook Watershed, including the poisoning of Echo Lake in 1956.  The 
largest section of the paper is an analysis of what would need to change to allow fish passage.  A 
final section details the next steps needed to expand this project and the potential actions 
necessary to restore an alewife run in Denning Brook. 
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Historical alewife run 
Alewives are less abundant than they have been historically because of “impassable 

dams, pollution, overfishing, and the elimination of spawning grounds” (Rounsefell and Stringer 
1945).  Rounsefell and Stringer focused their observations on New England paying specific 
attention to Maine in their report on the alewife fishery.  This decline has continued with a 
reduction in number of alewives on MDI and elsewhere in New England and many runs have not 
returned as the impediments to passage have not been resolved (ASMFC 2009).   

There was a historical alewife run at Denning Brook (Rounsefell and Stringer 1945), with 
the fish spawning in Echo Lake, formerly Denning Pond (Rand Map 1893).  A 1935 
memorandum, sent by the Department of the Interior, states that current stream conditions did 
not allow the passage of Salmonids (brook trout and salmon) from fresh to salt water, and visa 
versa.  Unfortunatly, the exact structure impeding migration was not stated.  If Salmonids were 
unable to migrate, than alewives would also be impeded.  In 1945, Rounsefell and Stringer 
reported that “A few alewives ascend three-quarters of a mile to an 8-foot masonry dam with a 
drop of four feet at the spillway. As the dam is used only to create an artificial pond it can easily 
be made passable by the construction of two or more pools across the main stream.”  This 
statement suggests that there was no fish ladder in place at the dam creating Little Echo Lake and 
that there was no dam on the Patterson property at the time of their report.  The dam they are 
likely referring to was constructed by the Civilian Conservation Corps (CCC) between 1933 and 
1942 for fire protection (Moreira and Champney 2000 Interview with Linwood Robshaw NA 
2658, C1924A, pp. 3-4). Presently this dam has a filled-in fish ladder, so at one point there 
appeared to be a working fish ladder, and probably in the 1940’s until the poisoning of Echo 
Lake. The run does not seem to have been very large, and on May 20, 1943, 240 adult alewives 
were stocked in Echo Lake, which were likely anadromous (Rounsefell and Stringer 1945). 

 A 2002 report at Denning Brook by Inland Fish and Wildlife (IFW) states that the 
anadromous runs of alewives at Denning Brook are no longer present as a result of inoperable 
fish ladders. These reports all suggest that an anadromous alewife population was present, 
however, the exact numbers of fish migrating in the past does not seem to have been recorded. 
 
What conditions are necessary to support alewife in a freshwater system? 

While many of the studies examining preferred alewife habitat were done using 
landlocked populations, they are still applicable and provide a baseline for habitat quality for 
anadromous alewives (Greene et al. 2009).  Alewives are known to spawn in lacustrine habitat, 
which includes shallow portions of slow-moving rivers, ponds, and lakes.  In Maine, alewives 
are seen making their upstream migration from late April to mid-June, depending on latitude 
(Greene et al. 2009), however, on Mount Desert Island they migrate between late April and mid-
May (Havey 1961).  In Somes Pond, spawning happens in May and June (Alewives, Acadia 
National Park. northeastparkscience.org) Spawning is triggered by a change in water temperature 
and occurs in temperatures ranging from 7°-15.5°C (Table 1).  Extreme temperatures, both high 
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and low, can have serious effects on their spawning success (Greene et al. 2009).  Dissolved 
oxygen can also have an impact on alewife spawning, but at least 5.0 ppm of oxygen is the 
preferred concentration (Table 1) (Jones et al. 1988 as referenced in Greene et al. 2009).  
Another component of water quality that may affect alewife spawning is pH.  Some have found 
alewife spawning in bodies of water with a pH as low as 5.0, however studies have shown that 
alewife can reproduce in water with a pH up to 7.3 (Table 1).   

Once an alewife has spawned its eggs remain on the bottom for several hours before 
becoming pelagic and being carried downstream.  These eggs hatch 2-15 days later, however, 
this is dependent on water temperature with the average hatching time varying inversely with 
temperature—the higher the temperature the quicker the eggs will hatch (Greene et al. 2009).  
Studies have found that hatching is most successful between 17.2°C and 21.1°C (Table 1) 
(Greene et al. 2009).  The yolk sac is absorbed shortly after hatching and the larvae will begin 
feeding (Greene et al. 2009).  The necessary dissolved oxygen level for the egg and larval stage 
is the same as for adults, at 5.0 ppm (Table 1).  Suitable pH level for alewife eggs has also been 
investigated, resulting in a suggested pH range of 5 to 8.5 (Table 1) (Klauda et al. 1991 as 
referenced in Greene et al. 2009). 

Juvenile alewives spend 3-9 months in their natal stream before migrating downstream 
into salt water.  Juveniles appear to have broader tolerances for temperature and oxygen 
concentration than spawning adults of eggs and larvae.  (Table 1, Davis and Cheek 1966, 
Dorfman and Westman 197, Pardue 1983, and Klauda et al. 1991 as cited in Green et al. 2009).  
pH levels are not well reported for juveniles, but in a Massachusetts systems river herring 
abundance peaked at 8.2 (Kosa and Mather 2001 as cited in Greene et al. 2009), therefore, pH 
values around this would be suitable (Table 1).  

Juveniles are opportunistic feeders that can either choose prey items individually or filter 
feed, and the filter-feeding behavior is commonly used at night (Janssen 1976 as cited in Greene 
et al. 2009).  Juveniles are also preyed upon while in their natal habitats, with their predators 
ranging from other fish to mammals.  Animals that are known to prey on juvenile alewives 
include eels, perch, pickerel, bass and shiners while snakes, turtles, birds, and mink (Greene et al. 
2009). 

The time of day which migration occurs varies between studies (Greene et al. 2009) and 
some have found peaks in the afternoon while others have observed peaks of migration at night 
(Greene et al. 2009).  It appears that these migrations can be triggered by changes in water flow 
and level, precipitation, and intensity of sunlight (Greene et al. 2009, Salia et al. 1972).  Of these 
factors, water level and flow are considered minor while the moon phase and water temperature 
are the primary determinates of migration, with the ideal moon phases being new and quarter 
moons, which provide a darker night (Greene et al. 2009). 
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Table 1: Summary of acceptable water quality from Greene et al. (2009). 
Life Stage Temperature (°C) Dissolved O2 (ppm) pH 
Spawning adults 7-15.5 5.0 5-7.3 
Eggs/larval stages 17.2-21.1 5.0 5-8.5 
Juvenile stage 10-28 2.4-10 8.2 (peak abundance) 
 
Current water quality in Denning Brook system 

Along the perimeter of Echo Lake 70 percent of the land is privately owned and the 
remaining 30 percent is owned by Acadia National Park (IFW 2002).  Ketchum and Cass (1986) 
reported that Denning Brook drained 2.883 square miles.  Echo Lake is classified as being 
moderately productive by the Department of Inland Fisheries and Wildlife (2002, see also 
Doering and Roman 1994), however, the department also reports that depths below 44 ft in Echo 
Lake are anoxic.  This suggests that the available habitat for fish species may be greatly reduced 
during particular times of the year. The bottom habitat in the lake consists of boulders with 
patches of silt and aquatic plants (Moring et al. 2001).   Summer water temperatures in Denning 
Brook has been reported to reach as high as 75°F (Davis 1958).   

Water quality measurements taken on May 2 (Echo Lake Rd, Beech Hill Cross Rd., and 
State Rt. 102 culverts), May 16 (CCC Dam), and May 23, 2010 (Echo Lake Rd., Beech Hill 
Cross Rd., and State Rt. 102 culverts) 2010 revealed that measurements fall within the ranges 
acceptable for temperature, dissolved O2, and pH necessary for spawning adults, eggs, larvae, 
and juveniles (Table 2).  Thus, during the time that adult alewives would be migrating water 
quality in Denning Brook would support alewives.  No data were taken in the fall when juvenile 
alewives would be migrating out of the system. 
 
Table 2: Current water quality in Denning Brook. 
Location Temperature (°C) Dissolved O2 (ppm) pH 
Echo Lake Rd. 12.3-16 8.8-10 6.4-6.5 
CCC Dam 17.5 9.2 6.9 
Beech Hill Cross Rd. 15.1-18 7.8-8.8 6.1-6.3 
Rt. 102  14.5-16.5 9.4-9.6 6.4-6.5 
 
Timeline of Dams and Fish Passage in Denning Brook System 
 
Obstructions: 
1794: Saw mill present on Echo Lake (John Peters Map, see Appendix III)  
Prior to 1881: Saw mill present on Echo Lake (Gary Fountain personal communication, Gregg 
Burr personal communication) 
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1881: Little Echo Lake existed but lacked a dam, mill or other obstruction according to maps at 
that time (Colby, G.N. and S.F. Colby 1881) 
1935: Denning Brook to Echo Lake impassable to Salmonids ascending from salt water (Memo 
1935)  
1943:  8ft masonry dam present on Denning Brook ¾ mile upstream of outflow into Somes 
Sound (Rounsefell and Stringer 1945), likely the CCC dam, but document implies no ladder or 
fish passage. 
1940s: Fish ladder intended for brook trout at CCC dam operable (Gregg Burr personal 
communication) 
1949: Patterson family constructs homestead on land next to Denning Brook (Lee Patterson 
personal communication) 
1950: Fish ladders were built, obstructions were removed, and spawning beds were built (mostly 
in Lurvey Brook) in the Denning Brook Watershed, however the exact locations were not 
available (Havey 1952) 
August 21, 1953: Dam and fish ladder constructed on Patterson property near outlet of Denning 
Brook creating small pond (Lee Patterson personal communication) 
1956 or soon thereafter: Fish ladder on the CCC dam is made inoperable following rotenone 
poisoning of Echo Lake (Gregg Burr personal communication) 
2000: Patterson dam shifts downstream slightly, so braces are put in (Lee Patterson personal 
communication) 
March 2004: Portion of Patterson dam blew out after ice had formed in a crack, but this was 
patched within a few days (Lee Patterson personal communication) 
 
Biology: 
1930s: Illegal introduction of smallmouth bass (IFW 2002, Greg Burr personal communication) 
1933-1957: Nearly 80,000 brook trout stocked, with 42,000 of them coming after 1956 (Davis 
1958) 
1938: Stocking with brook trout begins (IFW 2002) 
1942: Survey conducted by Rounsefell and Stringer, looking at numbers of anadromous alewives 
in Maine streams, brooks, and rivers (1945) 
1942: Denning Brook alewife run considered “fair” (Rounsefell and Stringer 1945) 
1942: Fish species supported in Echo Lake: wild and stocked brook trout, landlocked salmon, 
smallmouth bass, white perch, rainbow smelt, anadromous alewives, American eel, and several 
minnow species (IFW 2002) 
May 20, 1943: 240 adult alewives stocked in Echo Lake, likely anadromous (Rounsefell and 
Stringer 1945) 
1949: Effort made by Rounsefell and Everhart to improve sport fishing on MDI (Havey 1952) 
1949: Brook trout spawning in Lurvey Brook (Havey 1952) 
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1950: Lee Patterson remembers fishermen at outlet of Denning Brook, likely collecting smelt or 
alewives (Lee Patterson personal communication) 
1952: Havey (1952) finds the following species in Echo Lake: Eastern brook trout, American 
smelt, white sucker, Eastern golden shiner, redbelly dace, brown bullhead, American eel, banded 
killifish, white perch, smallmouth black bass, pumpkinseed, and 9 and 3-spine stickelbacks 
September 1956: Rotenone administered to Echo Lake, successfully removing bass and perch 
(IFW 2002, Moring et al. 2001) 
1957: American eels return to Echo Lake (Davis 1958) 
1958: Brook trout stocked (IFW 2002) 
1965: Landlocked salmon introduced (IFW 2002)  
1966: Landlocked alewives introduced as forage for the salmon (IFW 2002, Lackey 1969, Gregg 
Burr personal communication) 
1969: Landlocked alewives successfully reproducing in Echo Lake (Kircheis 1994, Lackey 
1969) 
1974-1977: Rainbow trout stocked in Echo Lake instead of brook trout (IFW 2002) 
1974-1976: Sunapee char (trout?) stocked in Echo Lake (IFW 2002, Lakes and Ponds of MDI) 
1978-1985: Salmon stocked in Echo Lake (IFW 2002) 
1986 to Present: Brook trout stocking resumes in Echo Lake (IFW 2002) 
1993: Management emphasis on trout and salmon (IFW 2002) 
2002: Fish species present in Echo Lake: brook trout, landlocked salmon, landlocked alewives, 
rainbow smelt, white sucker, pumpkinseed sunfish, American eel, hornpout (brown bullhead), 
minnows (golden and common shiner, and fallfish or chub), banded killifish, 3-spine stickleback 
(IFW 2002) 
 
The Use of Rotenone in Echo Lake 
 Rotenone is a fish poison used as a management method for an expressed purpose such 
as: 

• Complete eradication of an undesirable population, with stocking of a desirable species 
(Davis 1958)    

• Reduction of predator or competitor species by selective poisoning (Davis 1958)     
• Selective poisoning for control of parasites (Davis 1958)   
On September 24, 25 and 26, 1956 the Fishery Research and Management Division of Inland 

Fish and Wildlife spent $6,000 to put 1,500 gallons of rotenone into Echo Lake (Davis 1958).  In 
Echo Lake, one gallon of rotenone was used for every four acre feet of water, resulting in a 0.75 
ppm rotenone concentration throughout the lake.  Rotenone was used in Echo Lake in an effort 
to remove the introduced bass and perch that had been illegally introduced to the lake as 
“…these species were thought to be responsible, through food and space, for the low level of 
trout production” (Davis 1958).   
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 Fish killed by the rotenone were left in the lake to decompose naturally and provide 
nutrients.  Following rotenone treatment, it most likely took a month or more for the chemical to 
dissipate, but, in Maine, it is normal to use rotenone in the fall and allow the lake to lie dormant 
during the winter and stock in the following spring (Davis 1958).  Test fish are often used 
following rotenone treatment to determine if the lake is safe for stocking, however, this was not 
done at Echo Lake and the first stocking suffered from high mortality (Davis 1958).  American 
eels repopulated the lake on their own following treatment and it appears that some trout did 
escape the rotenone.  Elvers could be seen in high densities on the Patterson fish ladder on June 
6, 1957 and were also seen making their way upstream throughout the spring and summer (Davis 
1958).  Brook trout were stocked three times following the treatment, with two of the stockings 
coming in the spring with legal sized fish and in the summer one stocking with fingerlings took 
place (Davis 1958).  Of the 79,800 trout stocked between 1933 and 1957, 42,000 of those fish 
came after the reclamation.  To prevent introduction of unwanted species following reclamation 
fishermen were no longer permitted to use live bait (Davis 1958).  Although many species of 
fishes have returned or been reintroduced to Echo Lake, there are some that have not returned.  
As of 2001, the most abundant species in Echo Lake is the fallfish (Moring et al. 2001). 
 
Man-made obstacles to up/downstream migration  

If alewife, or any anadromous fish, were to attempt an upstream migration, they would 
encounter six man-made obstacles: two dams and four culverts.  The status of each of these 
potential obstacles is reviewed below. 

 
Patterson Dam 

Beginning at its downstream terminus in Somes Sound, where it flows through a tidal flat 
(Figures 9, 10, and 11—All figures can be found in Appendix I), migrating alewife would 
encounter a dam on the Patterson property that was put in place on August 21, 1953 on land they 
purchased in 1942, creating a small pond.  This dam was built by Robert Patterson when he was 
a landscape architect working for the National Park Service and stationed at Acadia National 
Park.  Patterson included a fish ladder when he built the dam which supports the theory that an 
anadromous fish run was present at the time (Figures 5, 6, 7, and 8).  The dam is cement; 
however, one section has blown out and is patched with a series of wooden boards (Figures 2, 3, 
and 4).  In total, the dam is approximately 38 feet across with the first 27 feet cement, followed 
by the 4 foot long wooden patch, and the final 7 feet are cement (Figures 1, 2, and 3).  On the 
side of the dam with the wooden patch there is a pump house and a spillway (Figures 3 and 4).  
Water flows over/through the dam in the section with the wooden patch and through the fish 
ladder, which is made up of a series of five falls and pools (Figures 5, 6, 7, and 8).  Water depth 
and waterfall heights were taken on April 30, 2010 and the top waterfall of the fish ladder 
(referred to as the 1st fall) has a 32 cm waterfall, which flows into a pool (referred to as the 1st 
pool) that ranges in depth from 71-94 cm, this discrepancy could be due to measuring technique 
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or vegetation and organic matter accumulating in the pool (Figure 5).  The 2nd fall (as we move 
down the fish ladder) is an approximately 31 cm jump that flows into a pool, which will be 
referred to as the 2nd pool, 43-58 cm deep (Figures 6 and 8).  The 3rd fall is the largest at 
approximately 43c m and flows into a 3rd pool, approximately 55 cm deep (Figures 7 and 8).  
The 4th falls is 24 cm high, flowing into a pool (the 4th pool) about 46 cm deep (Figures 7 and 8).  
This 5th and final falls is the smallest at 13 cm with the shallowest pool (5th pool) at only 18 cm 
deep (Figures 7 and 8).  These heights and depths are all acceptable for Salmonid passage (Table 
3).  To prevent water from leaking under the boards, especially at high water, the Patterson’s had 
the boards that stand vertically, creating the falls, placed in cement so they remained vertical and 
water did not seep under them (Figures 1, 2, 3, 6, 7, and 8).  The boards do not have any cutouts 
or holes in them and water flows over the flat top of the boards.  The pools also have a cement 
and sand bottom (Lee Patterson personal communication). 

 
Culvert at State Route 102 

After swimming through the pond created by the Patterson dam the alewives passing 
under Route 102 must swim through a culvert, passing that is approximately 220 cm high and 
210 cm wide (Figure 12). There is not a falls on the downstream exit of the culvert (Figure 13) 
and the bottom of the upstream entrance is at the same level as the brook.  Within this, and the 
other culverts, there are ribs that run the circumference of the culvert that create some chop as 
the water passes through, but this culvert does have some sedimentation within the culvert, 
which may make the water less choppy (Figure 12).  This culvert would not seem to pose a 
major problem for alewives when it was investigated in May 2010, since 28-31 cm of water was 
present at the upstream entrance, however, this does seem to taper off as you approach the 
downstream exit, but measurements were not taken here (Figure 13).  Measurements were taken 
on May 2 and 23, 2010. 
 
Culvert at Denning Brook Rd. 

Alewives encounter their second culvert at Denning Brook Road, a private, residential 
road.  This culvert, according to David Lamon and Bruce Connery, has a higher pitch than is 
generally preferred by alewife, and is perched at the downstream end which may pose a 
challenge to migration. The culvert is oval shaped with a height of 200 cm and a width of 270 cm 
(Figures 14 and 15).  This culvert is 12 cm above the streambed on the upstream side, with only 
15 cm of water in the culvert.  At its downstream exit, the culvert rises 21-25 cm above the 
stream bed and there is only 9-10 cm of water in the culvert itself and an 11 cm falls (Figure 15).  
Upstream of this culvert, Denning Brook flows through a marsh area with low brush (Figure 21).  
These measurements were taken on May 2 and 23, 2010. 
 
Culvert at Beech Hill Cross Rd. 

A third culvert is encountered at Beech Hill Cross Road, this culvert is actually a two 
culverts of differing sizes that connect two bodies of slow moving or still water (Figure 17).  The 
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culverts are both circular with the larger one having a diameter of 120 cm and the smaller one is 
half that size with a 60 cm diameter (Figures 18, 19, and 20).  The larger culvert sits at the 
streambed, while the small culvert rises 18 cm above the streambed.  The larger culvert has 35-
36 cm of water in it that is freely flowing, while the small culvert has only 3-4 cm of water in it 
that is not moving and does not extend the whole way through the culvert.  On the downstream 
side, the large culvert sits at the level of the streambed, and the small culvert it 12 cm above the 
streambed.  The large culvert has 21-26 cm of flowing water in it and no falls, while the small 
culvert has <1cm of still water (Figure 20).  On two of the visits to this culvert fish were seen in 
the still water upstream of the culvert.  Those that could be identified were likely brook trout, 
banded killifish, and a minnow species.  Upstream of the culvert the low brush area continues 
with an expanse of still water (Figure 16).   
 
CCC Dam 

A second dam is another obstacle to migration.  This dam was built by the Civilian 
Conservation Corps (CCC) and creates Little Echo Lake.  This dam would have been built 
between 1932 and 1937, however, no exact date was obtained.  There may have been a dam 
previously on Echo Lake, potentially in this same location, used for a saw mill (Gary Fountain 
personal communication, John Peters map, see Appendix III).  Historical maps of the area show 
periods of time where Little Echo Lake was present and other times where only a single lake is 
represented, suggesting that a dam made them a combined body of water or that Little Echo Lake 
was not present and only a marsh-like area existed.  In cases were a distinct separation is not 
shown, the conclusion that they are drawn together is made because a small mountain stream that 
flows into Little Echo Lake is shown flowing into the single lake (Rand Map from 1896), 
suggesting that they were just drawn as one body of water rather than two with a stream 
connecting them.  In 1881, Little Echo Lake was present, however, there is no property owner 
listed in the area surrounding the dam (Figure 22) (Colby and Colby 1881).  The CCC built the 
dam creating Little Echo Lake as it is seen today for fire protection.  The dam is comprised of a 
wooden frame filled with concrete (Moreira and Champney 2000 Interview with Linwood 
Robshaw NA 2658, C1924A, pp. 3-4).  This was a natural spot to build the dam, according to 
Robshaw, and didn’t create a very large pond, but was good to help fight forest fires.  A road was 
also built into the dam, the rails of which can be seen in figure 23, and the remnants of the road 
on either side of the dam can be seen today.  It is unclear which of the current structure was built 
as part of the dam initially and which was added later.  In a 1945 report by Rounsefell and 
Stringer, they recommend that alewife passage be added by putting in pools across the main 
stream.  This suggests that the dam constructed by the CCC may not have had a fish ladder or 
that the ladder had fallen into disrepair (Figures 24 and 25).  According to David Lamon, of the 
Somes-Meynell Sanctuary, the CCC dam was built with a fish ladder, however, Inland Fish and 
Wildlife dismantled the fish ladder after stocking Echo Lake with fish that they did not want to 
escape following the rotenone treatment in 1956, but rather remain in the lake as forage fish for 
the species of fish more popular with sport fisheries or to keep the prized game fish in Echo Lake 
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(David Lamon personal communication).  The adjacent land owner, Gary Fountain, has not done 
or known of any repairs to the dam following his purchase of the property, around 1986 (Gary 
Fountain personal communication).  

The current dam is an eight-foot masonry dam (Rounsefell and Stringer 1945) that 
extends ~40 feet across the stream and appears to have fallen into disrepair.  There are two 
openings in the dam through which water can pass: one is a spillway, while the other was a fish 
ladder, however, the ladder does not have water flowing through it because the lake entry into 
the fish ladder has been obstructed, the pools have been filled with rock and the side walls pulled 
down (Figures 23, 26, 28, and 29).  Figure 23 shows what the top three steps of the original fish 
ladder looked like.   The fish ladder was probably intended for Salmonids, such as salmon and 
brook trout.   

The fish ladder is approximately 6 m in length and extends directly downstream from the 
dam before making a 90° turn and going back towards the natural stream bed.  The ladder 
currently has six levels with no boards or other walls at the downstream end to produce pools.  
Measurements of fall height were estimated based on the height of the area where a board could 
be inserted to control water flow and pool depth was estimated from the base of the pool to the 
bottom of the falls, since there is no water flowing through the ladder.  The top fall is 47 cm, 
however, there are grooves on the inside of the step that would allow a board to be slid into them 
in response to water height varying the height of the fall (Figures 23 and 26).  This falls enters a 
pool that is approximately 30 cm deep.  The second fall does not currently have a board in place, 
but has the same grooves that were on the top step that allow a board to be placed altering water 
level and fall height, and these grooves extend up 78 cm (Figures 23 and 26).  The 
accompanying pool is 30 cm deep.  The third fall has the same form as the second step and the 
structure is 69 cm high (Figures 23 and 26).  The pool below is 25 cm deep.  The fourth fall is 30 
cm high and drops into a 27 cm deep pool (Figure 28).  This pool makes a 90° turn and then 
drops from the fifth fall, which is 20 cm high and based on the small amount of water trickling 
around the rocks the water would likely flow through rather than over the falls (Figures 28 and 
29), into a pool below that is 20 cm deep.  The sixth and final fall is 5 cm high and its 
accompanying pool is 30 cm deep (Figure 29).  Havey (1952) indicates that Denning Brook has 
suitable habitat for brook trout spawning, but that their downstream movement is blocked 
primarily by this dam.   
 
Culvert at Echo Lake Rd. 

Denning Brook continues upstream of Little Echo Lake into Echo Lake, however, before 
it reaches Echo Lake it passes through a fourth and final culvert.  This culvert is under Echo 
Lake Road (private dirt road).  There is a hose that runs through the stream at this point, and it is 
unclear what its purpose is.  This is a circular culvert 91 cm in diameter that sits at the streambed 
and has been seen with 30-35 cm high of water in it at its upstream end (Figure 33).  However, 
on the downstream exit of the culvert it sits 14-15 cm above the streambed and has 18-20 cm of 
water and a 3 cm falls (Figure 34).  There is sedimentation in this culvert. 
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What conditions would need to be changed to make Denning Brook/Echo 
Lake system habitable by anadromous alewives? 
 The fish ladders currently on the two dams were apparently built for Salmonids (brook 
trout and salmon), which are jumping fish and able to make it up larger falls than alewives.  
According to one source, alewives cannot ascend a fall more than 12-16 inches (30.5-40.6 
cm)(Rounsefell and Stringer 1945) Additionally, in comparison to the falls, also known as 
baffles, on the fish ladder at the Somesville Head-of-Tide dam the 12-16 in height seems high.  
Bruce Connery, ANP Biologist, believes that a drop of 6 in (~15 cm) is an approximate 
maximum fall height for alewives (personal communication).   

It appears that the fish ladders on the two dams could be tailored to meet the needs to the 
alewives and facilitate passage of Salmonids.  Salmonids require that the fall be less than 18 in 
(38.1-45.7 cm)(	  http://wdfw.wa.gov/hab/ahg/fishguid.pdf). Fall heights and suggestions are 
summarized in Table 3.   
 
Table 3: Summary of step heights and suggestions for alteration. 

Obstruction 
Type of 
obstruction Fall 

Height 
(cm) 

Does it need 
to be reduced 
for alewives? 
(Y/N) 

Does it need to be 
reduced for 
Salmonids? (Y/N) 
 Suggestions 

Patterson 
Dam Dam 1 32 Y N 

  2 31 Y N 

  3 43 Y N 

  4 24 Y N 

  5 13 N N 

All but last fall would need to be decreased to allow alewive 
passage.  An alternative would all be to add more steps and 
reducing the height of each step, but creating a V-notch in the 
center of the boards may also be useful.  The pool depths are 
fine.   
 
 

Rte 102 Culvert 1 n/a   
 

Denning 
Brook Rd. Culvert 1 11 Y/N N 

Could be made smaller by increasing height of water at base of 
falls and water height in culvert could be increased 

Beech Hill 
Cross Rd. Culvert none n/a n/a  

Although measurements were not taken here there does not seem 
to be a falls. 

CCC Dam Dam 1 47 Y Y/N 

  2 0-78 Y/N Y/N 

  3 0-69 Y/N Y/N 

  4 30 Y N 

  5 20 Y N 

  6 5 N N 

All but the last two falls could be reduced for alewives, some 
masonry work would need to be done to remove rocks currently 
filling pools and to sure up some of the falls where the water 
comes through gaps in the stones rather than over them.  The top 
3 falls have the potential to pose a problem for Salmonids as 
well. 
 

Echo Lake 
Rd. Culvert 1 3 N N 

The falls at this culvert is minimal and alewives should have no 
problem making their upstream migration into Echo Lake after 
this culvert. 

 
 
 Another concern is the height of the water flowing through the culverts, the movement of 
the water within the culverts was not accessed in preparation for this report, but this is a crucial 
characteristic to the restoration of Denning Brook as a fish run.  The National Marine Fisheries 
Service reports that juvenile salmon require at least six inches (~15 cm) of water height within a 
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culvert to migrate successfully, while adults require 12 in (~30cm), and the required water 
velocity within the culvert will vary based on culvert length 
(http://swr.nmfs.noaa.gov/hcd/NMFSSCG.PDF).  Another Salmonid, the Rainbow trout, requires 
a minimum of 25 cm deep water in order to pass through a culvert (ftp://ftp-
fc.sc.egov.usda.gov/WHMI/WEB/pdf/RAINBOW1.pdf).  Assuming trout and alewives require a 
similar water level, the Denning Brook culvert is impassable by adult salmon, alewives, and trout 
(Table 4).  Acadia National Park has assessed the passage on Denning Brook using their own 
method and reports that the Rte. 102 and the Beech Hill Cross Rd. culverts potentially impede 
migration, while the Denning Brook Rd. culvert likely blocks migration (Appendix II)(Bruce 
Connery personal communication). 
 
Table 4: Summary of water height in culvert at upstream and downstream terminus, and whether or not they are 
passable by different fish species. 
Culvert Upstream Water 

Height (cm) 
Downstream 
Water Height (cm) 

Is it passable by 
alewives? (Y/N) 

Is it passable by 
salmon? (Y/N) 

Is it passable 
by brook 
trout? (Y/N) 

Rte. 102 28-31 n/m Y Y Y 
Denning Brook 
Rd. 

15 9-10 N N N 

Beech Hill 
Cross Rd. 

35-36 21-26 Y/N Y/N Y/N 

Echo Lake Rd. 30-35 18-20 Y/N Y/N Y/N 
 

Stocking anadromous alewives in the Echo Lake system should not pose a threat to the 
game fish populations in terms of food, as alewives are planktivorous, and they provide an 
important link in the game fish food chain (Havey 1952).  Anadromous alewives may also 
provide significant nutrients to the system as 39-57 percent of alewives die after spawning, but 
nutrients can be provided in other forms such as gametes and excretion (Durbin et al. 1979).  
Additionally, alewives may be beneficial because they provide nitrogen and phosphorous to the 
system, which releases the energy stored in the leaf litter because microbial activity is stimulated 
(Durbin et al. 1979).   Alewives have a more stable population once they are in a system 
compared to the commonly used smelt (Kircheis and Stanely 1981) making it more beneficial to 
use alewives instead of smelt for forage, at least with regard to landlocked populations.  
However, studies have yet to be done on whether landlocked are better for forage than 
anadromous alewives (Kircheis et al. 1981).  In Maine, anadromous alewives have been used as 
forage for salmon and brown trout (Kircheis et al. 1981). 
 The Rte. 102 and Echo Lake Rd. culverts show that sediments have been deposited on the 
bottom of the culvert.  It is unclear why this occurs as the fast moving water would likely remove 
any sedimentation.  Ideally, bottomless culverts could be put in place, however, this requires 
more money and that may not be feasible or necessary.  The culvert of greatest concern is at 
Denning Brook Rd., especially on the downstream exit.  This could be managed by creating a 
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rock weir that will raise the water level and maintain a desired level of water flow (Bruce 
Connery personal communication).  
 
Agency Goals and Restoration of Fish Runs  
 One state agency, Inland Fish and Wildlife (IFW) and one Federal agency, Acadia 
National Part (ANP), have potential influence over the restoration of this fish run.  The Acadia 
National Park mission states that , “The National Park Service at Acadia National Park protects 
and preserves outstanding scenic, natural, scientific, and cultural values for present and future 
generations through programs, facilities, and services. It also provides programs and 
opportunities for non-consumptive, resource-based recreation and education for an increasingly 
urban population” (http://www.nps.gov/acad/parkmgmt/index.htm).   

The Maine Department on Inland Fisheries and Wildlife has multiple programs, which 
“focus on maintaining abundant game resources, as well as managing non-game wildlife and 
restoring endangered species…”(http://www.maine.gov/ifw/).	  	  	  This program focus indicates that 
IFW may support the restoration of alewives or other anadromous fish species in the Echo 
Lake/Denning Brook system but their primary goal appears to be to maintain game resources. 

The missions of these two organizations have the potential to conflict if the main goal of 
Inland Fisheries and Wildlife is to maintain game fish, even though they do indicate in a portion 
of their mission statement that they are also interested in preserving non-game wildlife.  The 
benefits of anadromous alewives may have to be demonstrated very strongly in order to 
overcome a concern from sport fishermen that alewives would out compete or be detrimental to 
the managed game species such as salmon and brook trout.  This is particularly important 
because in order to stock a species in a freshwater system a permit needs to be obtained from 
Inland Fisheries and Wildlife. Therefore, it is imperative that they support the restoration of 
anadromous alewives because in order to restore an anadromous fish run stocking may be 
necessary, thereby requiring a permit from IFW. 
 
Conclusion 
 This report finds that although the water quality during the time of migration for 
anadromous adult alewives would support a spawning population, there are numerous obstacles 
to their upstream migration.  The tailoring of these obstacles to meet the needs of anadromous 
alewives would take more in depth research of the parameters required for alewives in order for 
them to successfully migrate passed man-made obstacles, such as dams and culverts.  An 
additional consideration is the needs of Salmonid species such as trout and salmon.  These 
species could also be supported by the Echo Lake/Denning Brook system and may require less 
extreme modifications of man-made obstacles.   

In order to continue the effort to restore an anadromous alewife run to this system more 
information may be necessary, such as hydrodynamic characteristics (e.g. flow rate and water 
height) within culverts and throughout the stream itself.  Scott Craig of the Craig Brook Fish 
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Hatchery would be an excellent contact for this portion of the project as he may have extensive 
knowledge of the hydrodynamic requirements of alewives and Salmonids.  This will provide a 
better picture of how challenging it may be for an alewife or Salmonid to make an upstream 
migration.  An analysis of water quality data provided by Bill Gawley at Acadia National Park 
would add to this report by giving insight into the year round habitat of Echo Lake and if it 
would be suitable throughout the summer months following spawning.  Additional information 
about the structural integrity of the two dams (Patterson and CCC) and their associated fish 
ladders may also be useful because it would provide a better estimate of the work and money that 
may be necessary to create suitable passage at those two locations.  Obtaining more detailed 
information about the CCC dam may enhance the project and give more historical background 
on the system.  A portion of this information could be obtained by contacting the Smallidge’s 
who own the CCC dam and are in charge of controlling the water level in Little Echo Lake.  An 
understanding of the legal implications involved with dam removal of fish ladder restoration 
would also be beneficial to the project.  To further understand the implications of creating 
passage between Little Echo Lake and Denning Brook an assessment of the species found 
upstream of the CCC dam compared with that of the downstream waters would be helpful as a 
way to understand any environmental consequences of creating passage.   
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Appendix I 

 
Appendix I is a 50MB document with a set of digitized pictures and is available for downloading 
directly from either Emily Argo or Chris Petersen.   
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Appendix IV 
Contact List  
 
Bret Achron 
Acadia National Park—Archives  
Email: Bret_Achorn@nps.gov  
 
Gregg Burr 
Inland Fish and Wildlife 
Work Phone: (207)434-5925 
Email: Gregory.Burr@maine.gov  
Assistant Regional Fisheries Biologist 
Maine Dept. of Inland Fisheries & Wildlife 
317 Whitneyville Road 
Jonesboro, ME 
 
Rebecca Cole-Will 
Acadia National Park—Archeologist/Archives  
 
Bruce Connery 
Acadia National Park—Biologist 
Work Phone: (207) 288-8726  
Email: Bruce_Connery@nps.gov  
 
Gary Fountain 
Private Resident 
Home Phone: (207)244-5332 
Cell Phone: (207)266-3167 
Email: gary@mountdesertislandrealestate.com  
24 Beech Hill Farm Rd. 
Somesville, ME 
 
Bill Gawley 
Acadia National Park 
 
David Lamon 
Somes-Meynell Sanctuary 
Email: wildlife@gwi.net  
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Lee Patterson 
Private Resident  
Home Phone: (207)244-4044 
14 Parker Farm Rd. 
Somesville, ME 
 
Robert Pyle  
Northeast Harbor Library 
Email: rpyle@nehlibrary.org	   
 
Peter and Shelia Smallidge 
Private Resident 
Home Phone: (207)244-7103 
32 Beech Hill Cross Rd. 
Somesville, ME 
 
Dennis Smith 
Former Somesville fisherman 
 
 
 
 
 
 
 
	  

	  
	  
	  
 


