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       All anadromous fishes, including alewives (Alosa pseudoharengus) (Durbin et al. 1979) 

Pacific salmon (Oncorhynchus spp.) (Cederholm et al. 1999), and euchalon (Thaleicthys 

pacificus) (Marston et al. 2002), leave the ocean in dense schools and swim upriver to spawn. 

These spawning runs represent a potentially significant source of nutrients for terrestrial and 

aquatic communities (Willson & Halupka 1995; Garman & Macko 1998). Anadromous fish runs 

represent large seasonal pulses of nutrients that can attract large numbers of predators. Although 

the relationship between predators and spawning runs has been examined extensively for Pacific 

salmon (Gende & Willson 2001), there has been limited research conducted with other 

anadromous fishes. 

 Little is known about the interactions between alewives and the predators that gather 

during spawning runs, though some studies have examined specific predators such as double-

crested cormorants (Phalocrocorax auritus) (Dalton et al. 2009; Blackwell et al. 1997) and 

harbor seals (Phoca vitulina) (Browne & Terhune 2003). Of these three studies, only the Brown 

and Terhune study (2003) was directly observing the aggregations of the predator around the 

alewife run, and they found a significant relation between harbor seal abundance and intensity of 

the alewife run. Dalton et al. (2009) used estimates of cormorant population and cormorant diet 

to model the impact of cormorant predation on alewife populations, and Blackwell et al. (1997) 

studied cormorant stomach contents to examine variation in diet during the spring. A study 

observing the habits of all the major alewife predators would provide a more complete picture of 

alewife-predator interactions. Since river herring, which includes both alewives and blueback 

herring (Alosa aestivalis), are currently listed as a species of concern by the National Marine 
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Fisheries Service (NMFS), understanding the effects of predation on the fish becomes even more 

important.   

 One of the major hypotheses explaining the formation of groups in animals is that it 

minimizes predation risk for the individual animal (Hamilton 1971; Seghers 1974). However, if 

an aggregation causes more predators to appear in a higher proportion than would be expected, 

joining a group could in fact be deleterious to an individual’s fitness (Wrona & Dixon 1991). 

Examining the interaction between aggregation size and predation rate is of particular interest for 

alewives because of the potential cover 

they may provide for Atlantic salmon 

(Salmo salar) smolts.  

Anecdotal evidence suggests that 

alewives may act as a cover species for 

endangered Atlantic salmon. Because 

salmon smolts migrate downstream at the 

same time as alewives are moving 

upstream, many believe that the predators 

are more likely to eat the alewives. 

However, it appears this theory has never 

been tested, and a literature survey turned 

up no related studies. Though there are no Atlantic salmon in Somes Brook, this idea can be still 

be examined by looking at the interaction between alewives and their predators. In order for 

groupings of alewives to provide cover, the number of predators attracted by the aggregation 

Figure 1: Aerial photograph of the study area with an inset 
showing the site's location on Mount Desert Island, ME. The 
black line indicates the region within which predators were 
counted. Image source: College of the Atlantic GIS Lab.  
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must increase more slowly than the size of the run. If proportionally more predators are attracted 

by the aggregation, then migrating downstream during an alewife run may increase the risk of 

predation for juvenile salmon. This study examines the interactions between alewives and the 

predators that gather during spawning runs using the Somesville run as a case study.   

Methods 

Site Description 

Somes Brook is located in Somesville, ME at the head of Somes Sound (Figure 1).  At 

the outlet of the brook there is a Denil fishway leading up a six-foot high dam into the old mill 

pond. At low tide the flats below the dam are exposed, so upstream fish passage is considered 

impossible at low tide. Above the mill pond the brook runs for about a quarter mile where it 

opens into Somes Pond, where the majority of alewives in the watershed spawn (Havey 1961). 

The area from the base of the ladder to where the water makes a ninety degree turn was 

considered the “stream” area, and from there down to mouth was considered the “tidal flats” 

area.  

Sampling Methodology 

Preliminary data to determine sampling methods were gathered from April 25th to April 

29th before the fish had begun to move up the brook in large numbers. Observations on predator 

abundance were gathered from a parking lot approximately 65 meters from the base of the fish 

ladder. While observations were being conducted all instances of predation on fish were 

recorded, and every ten minutes the total number of predators present was recorded. 

Observations were conducted daily for periods of up to one hour from April 30 to May 23, and 

less frequently from May 23 to June 1. Observation periods were spaced through the day to 
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allow for the examination of the potential effects of tide, weather, and time of day on predator 

and fish abundance. Predators were counted if they were present within the bounds defined in 

figure one. In addition to the scan and predation data, some data on time budgets of selected 

predators were also gathered during the observation periods. Individual predators were watched 

for a period lasting for five minutes, and the ways that they spent the time was recorded. 

Opportunistic data was taken on predator abundance during many of the daily counts of the fish 

run. 

In order to quantify alewife run strength, data were acquired from fish counts at the weir 

at the head of the fish ladder operated by the Somes-Meynell Wildlife Sanctuary. Fish were held 

in the weir until volunteers came down once or twice daily to count the fish as they opened a 

sliding plate and monitored the number of fish to pass upstream. Fish were considered to have 

come up the ladder the day of the count for simplicity, even though with some of the early 

morning counts the fish could have come up the day or night before.  

Daily predator abundance was calculated as the mean for all observations from that day. 

Predation rates were expressed as the number of observed predation events in a day divided by 

the hours of observation time for that day.   
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Figure 2: Mean daily abundance of major alewife predators over the course of the alewife run.  

  

 

Results and Discussion 

Natural History of Predators 

 During the course of the observations predation on alewives was observed by herring 

gulls (Larus argentus), great black-backed gulls (Larus marinus), ospreys (Pandion haliaetus), 

and double-crested cormorant (Phalocrocorax auritus). The other predators that were observed, 

but never observed taking fish, were bald eagles (Haliaeetus leucocephalus), harbor seals (Phoca 

vitulina), one great blue heron (Ardea herodias), and one common snapping turtle (Chelydra 

serpentina). American crows (Corvus brachyrhynchos) and mallards (Anas platyrhynchos) were 
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both common in the area surrounding the fish ladder, but they were not considered likely to be 

preying on alewives.  

 Overall predator abundance was generally low, but there was a gradual increase in 

predators over the period of observation (Figure 2). Aside from the peak of gulls on May 15, 

predators were at their most abundant around May 21, which coincides with the highest numbers 

from the fish count. Interestingly, predator abundance rose slowly towards the peak, but it 

dropped quickly afterwards even though alewife numbers stayed well above one hundred for the 

week after the run hit its height.  

 A total of eleven predation events on alewives occurred while observers were at the fish 

run. There was one additional predation event on a sea lamprey (Petromyzon marinus), but since 

alewives were the focus of the study that will not be discussed further. Eight of the fish were 

caught in the stream area below the dam, and the other three were caught in the mill pond. 

Herring gulls and osprey were responsible for the most predation, with each species taking a total 

of four fish.  

 

Harbor Seals 

 No seals were sighted until 

more than a week into the study, and 

multiple seals were not observed until 

May 20 (Figure 3). When at the 

surface, seals were generally observed 

in the cove just off the parking lot 

Figure 0: Mean daily abundance of harbor seals during the alewife run. 
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where observations were made. During feeding, they dove and swam up to the base of the fish 

ladder where they would chase through the schools of alewives waiting to swim upstream. One 

seal was observed swimming all the way up to the first baffle and sticking its head through while 

chasing fish. The seals’ feeding style relies the alewives being forced to wait at the base of the 

fish ladder because of overcrowding in the pool at the top. Based on this it appears that harbor 

seals may only become a major predator on small fish runs if there is some constricting factor 

that impedes upstream migration, such as the fish ladder.  

 Predation by harbor seals was essentially impossible to quantify, since they were always 

underwater and out of sight of the observer at the time of predation. The overall number of seals 

present was also difficult to observe, because the scan sampling method used is biased by the 

amount of time spent underwater and out of sight.  

 

Herring and Great Black-Backed Gulls 

 Herring gulls and great black-backed gulls were the only the predators that were sighted 

with relative consistency throughout the whole observation period (Figure 4). There were only 

six observation periods that lacked gulls, making them the most frequently sighted predator at 

the fish run. They also were responsible for five out of the ten observed predation events, which 

makes them the most active predators.  

 On May 15, a flock of 23 herring gulls appeared at the fish ladder. They spent the whole 

observation period walking around in the exposed mudflats below the dam. The alewife count 

for that day was 1303, which makes it the first daily count above 500. The gull abundance may 

be explained by the increase in fish, but gull numbers never rose above five again, despite further 

increases in the number of alewives.  
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 The gulls were unique among 

the predators in that they didn’t have a 

single consistent spot around the run 

where they would wait. They most 

often stood on the fish ladder, but they 

were also frequently observed on the 

roof of the old Port in a Storm 

bookstore, the shore on the South side 

of the cove, and on the lawn by the fish 

ladder. The fish ladder appears to have been the favored spot, since it provides easy access to the 

stream area where the alewives tended to school. Gulls often squabbled for a place on the ladder, 

especially when the fish were running in large numbers. When both herring gulls and great 

black-backed gulls were present around the ladder the black-backed gulls tended to dominate the 

ladder itself, and the herring gulls were pushed out to other areas around the stream.  

 All predation events by gulls occurred in the stream area just below the fish ladder, which 

may explain why the ladder was such a favored spot for the gulls. The stream area is shallow, 

which makes it an easy spot for the gulls to grab fish. After snatching fish from the water gulls 

would bring it to the shore nearby and eat it right there unless another bird chased them off. Out 

of the four times a gull caught an alewife while being observed, only once was it forced to 

abandon its food by another bird. On that occasion, a herring gull caught an alewife in the 

stream, but before it could consume it a bald eagle and two herring gulls began chasing it, which 

caused the first gull to drop the fish back into the stream.  

  

Figure 4: Mean daily abundance of herring and great black-backed 
gulls during the alewife run. 
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 Osprey 

 Ospreys were not observed until 

approximately one week into the study, 

but after that point they were present 

almost every day (Figure 5). Near the 

end of the study on the day that run 

intensity peaked, the total number of 

ospreys observed increased strongly, but 

the mean daily abundance actually 

increased much less, because they all 

caught alewives within twenty minutes 

and departed.  

 Ospreys were the second most active predators after the gulls, with a grand total of four 

predation events while they were being observed. Three of those occurred on the same day and 

within a span of five minutes. This occurred on May 21, which was the day that 4,103 fish were 

counted through the fish trap. On that day, the stream area below the dam was choked with fish 

waiting to ascend the ladder, and that is where the osprey made their kills. There were three 

osprey gathered above the pond, and they took turns diving at the stream over and over until they 

had each caught a fish. All together they made 18 dives before they were all successful. Once the 

osprey caught their fish they immediately flew south away from the fish ladder. Given the time 

of year they were likely bringing the fish back to their nests for hungry chicks. On the fourth 

occasion that an osprey caught an alewife it was in the Mill Pond above the fish ladder, and it 

made six dives before it managed to catch a fish.  

Figure 5: Mean daily abundance of osprey over the course of 
the observations. 
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 Ospreys spent most of their time around the pond flying rather than perching. That 

observation may be due to the difficulty of watching the trees around the mill pond from the 

observation site, but given the frequency of circling ospreys that seems unlikely. When they were 

not flying, ospreys tended to perch in one of the trees surrounding the Mill Pond.  

 

 Bald Eagles 

 Bald eagles were never observed 

taking alewives from the water. They 

were most likely around the fish ladder to 

steal fish from other birds, though they 

were rarely observed doing even that. 

Twice, when herring gulls captured fish, 

eagles came and chased the gulls in an 

attempt to get the fish, though an eagle 

only succeeded once. The successful attempt happened early in the season, before the alewives 

had begun to run heavily. A herring gull caught a sea lamprey and was preparing to eat it when 

an eagle swooped in and snatched it. During the second attempt, and eagle attempted to steal an 

alewife from a herring gull, but the gull dropped the fish and chased off the eagle along with two 

other herrings gulls and one American crow. On several occasions when eagles were perched in 

the trees, crows and herring gulls took dives at them as if trying to drive them off, but the eagles 

never responded.   

  The eagles almost always perched in the same branch on the same tree overlooking the 

tidal flats. There were a few exceptions, but for essentially every day the eagles were at the site, 

Figure 6: Mean daily abundance of bald eagles over the course 
of the alewife run. 
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they were in the same tree. Unlike other birds, which tended to move around a frequently, the 

eagles stayed basically still. For entire hour-long observations they would sit on their branch 

with no more activity than the occasional preening.  

 Eagles first came to the site when the run was just beginning to pick up strength, and they 

were sighted until May 26th, when the run had begun to die back again (Figure 6). Unlike some 

of the other predators they actually disappeared around the peak of the run. This may have been a 

result of other more lucrative food sources nearby, such as the alewife run in Ellsworth on the 

Union River, but it is difficult to say for certain.  

 

 Double-Crested Cormorants 

 Cormorants were essentially the 

only species that showed a consistent 

increasing trend in abundance over the 

study period (Figure 7). They were the 

only predator observed at the fish run 

after it had died down. They were also 

responsible for two out of the ten 

observed predation events. It is possible 

that the abundance estimates for cormorants may be slightly biased due to the fact they spent 

much of their time on the mill pond, where they were obscured from the view of the observers. 

 When they were not flying, cormorants were sighted exclusively in the mill pond above 

the dam or standing on the dam itself. They were almost always drying their wings when they 

were on the dam, so that was potentially their resting spot and the mill pond was where they did 

Figure 7: Mean daily abundance of osprey over the course of 
the alewife run. 
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their fishing. Both of the times that cormorants caught alewives it was in the mill pond and they 

caught them by diving from the surface.  

 
 
Predator Abundance Relative to Alewife Abundance 
 

During initial observations, the alewife numbers were consistently low; until May 6 no 

more than 10 fish came up the ladder each 

day. Over that same time the predator 

abundances were generally low and variable. 

Once the alewife numbers began to climb, the 

numbers of predators began to increase until 

May 21, when the number of observed 

predators went into a steep decline. Alewife 

counts continued to be above one hundred 

until June 1, which means that the predators 

left while there were still substantial numbers 

of fish coming upstream. The natural history 

observations demonstrated an apparent correlation between predator and alewife numbers, so the 

relationship was examined statistically. The correlation was found to be statistically significant 

(p=0.03, chi square=4.71, df=1), and a linear regression returned an r2 of 0.1877 (Figure 8). 

These data indicate that the predators are responding to the alewife run, though the correlation is 

not strong and appears to be largely influenced by a couple of extreme data points.  

 Mean fish abundance in the first three days, when the run was barely started, was 4.7 and 

mean predator abundance was 2.0. In three days when the run had come to its peak, the mean 

Figure 8: Daily mean number of predators in 
comparison with daily total of alewives counted at 
fish ladder. Observations over the period from May 
1 to June 1. 
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fish abundance was 1772.7 and mean predator abundance was 6.7. This is an increase in predator 

abundance of 235 percent and an increase in fish abundance of 37,617 percent. Though this data 

is limited, it appears that the abundance of alewives increases at a far faster rate than predator 

abundance, so schooling is an effective strategy for predation avoidance for alewives in this 

watershed.  

 

Predation Rates Relative to Alewife Abundance 

 Actual predation was only 

rarely observed during observations of 

the fish run. From April 30th to June 

1st a total of eleven predation events 

on alewives were observed. Predation 

rate, calculated as the number of 

events over an observation period, 

peaked on the same day that run 

intensity peaked, but aside from that it 

did not track strongly with the intensity of the run (Figure 9).  

 On the day with the strongest predator response there was a fish count of 4,103 and an 

observed predation rate of 4, and the day before the fish count was 179 and the predation rate 

was 1.2. This represents a 233 percent increase in predation compared with an increase of 2,192 

percent in fish abundance. These data suggest that at this site it is beneficial for alewives to 

school to, since the predation rate increases at a much slower rate than the school size, which 

decreases an individual alewife’s chance of being eaten.  

 
Figure 9 : Predation rate compared with alewife counts over time. 



[15] 

 

 In order to estimate the total proportion of the run being taken by avian predators, 

observation days were grouped into three categories based on the strength of the fish run (Table 

1). Proportions were calculated 

for each category based on the 

assumption that predation rate  

stayed constant all day and 

dropped to zero at night, which 

is likely an unrealistic assumption, but it provides a rough estimate of the impact of avian 

predation. The calculated proportions further support the predator-dilution hypothesis, since the 

proportion of the run taken decreases as the categories increase in size (Table 1). Additionally, 

these data indicate that avian predation at the fish ladder is unlikely to be limiting the recovery of 

the run.  

 

Impact of Tide on Predators      Based on the extreme exposure of the stream below the dam, it was expected that tide would have an impact on the number of predators at the site (Figure 10). However, a correlation analysis showed no significant There was 

no correlation between the predator 

abundance and time relative to the 

tidal cycle (Figure 10, p=0.537, chi 

square=0.381, df=1). The likely 

explanation for this is that at low tide 

few fish are coming upstream, but 

they are easy targets for the birds. At 

high tide, the conditions are reversed, 

which would make it equally profitable for a predator to be present at all points in the tide cycle. 

Fish	  in	  
run	  

n	   Average	  
number	  
of	  fish	  

Predation	  
rate	  

Extrapolated	  
Fish	  taken	  
per	  day	  

Proportion	  
of	  run	  

0-‐100	   12	   18.83	   0.25	   3.7	   19.58%	  

100-‐500	   15	   272.00	   0.36	   5.2	   1.93%	  

>500	   4	   1720.25	   1.33	   19.7	   1.14%	  

     Table 1: Estimates of proportion of fish run taken by avian predators. 

Figure 10 Relationship between time in the tide cycle and 
abundance of predators. 
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Future Directions  

 More observers should be recruited in order to increase the portion of the day that is 

covered and to facilitate multiple observation periods in a day to understand the daily variation in 

predator abundance. The recruitment of additional observers would also allow a greater portion 

of the stream to be watched for predator abundance. The current observation site provides an 

excellent view of the bay area below the dam, but the view to the mill pond is restricted by trees 

and buildings. It would also be helpful to watch sites farther upstream, such as the entrance to 

Somes pond, where ospreys have been reported frequently during the fish runs.  

 Another important site to watch is the second fish ladder. This section of the brook runs 

through the woods and is shallow with many pools. During one walk along the stream we found 

more than forty dead alewives laid out along the rocks. Many of the fish were only missing their 

heads, so it was likely the result of some mammalian predator, such as a river otter or mink. 

Observing predation by these mammals will likely require nighttime observations, but it is 

important to understand their interactions with the alewives, because they appear to be taking a 

large portion of the run.  

 The scan sampling method used in the study was effective for the avian predators, but it 

had the potential to underestimate the seal presence. Harbor seals spend all their time underwater 

when they are hunting, so it was sometimes difficult to assess the total number of seals. Often 

when the scan was done no seals were observed, even though they were undoubtedly swimming 

somewhere near the base of the fish ladder. In order to resolve this, the number of seals recorded 

should be the maximum number observed at the surface at any point during the time between 

scans. This method is based on the work of Brown and Terhune (2003) in the St John Harbor.  
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 The fish counts fluctuated over a fairly broad range, which made it difficult to track 

predator response to the run. The fluctuations may have been a result of the relatively small 

number of alewives, and a larger run might have a more consistent run strength. Based on that, a 

study on a larger river, such as the nearby Union River, might provide a clearer picture of 

predator response to anadromous fish runs. At the very least it would allow for a comparison of 

predator response based on run size.  

 

Impact of Fishway on Predation 

 The majority of predation events by birds happened in the stream area below the dam, 

and of those most occurred when fish were forced to wait to ascend. Harbor seals only came to 

the ladder when fish were schooling in the stream area. It seems reasonable to assume that the 

choke point formed by the fish ladder and fish counting weir may be causing increased 

predation. It is also possible that the increased predation in the stream is only because of the 

relative exposure compared with the Mill Pond, and the absence of the dam would actually 

increase predation by making the fish more exposed. It would be interesting to study an 

unobstructed run to examine the impact of the fish ladder on predator abundance and predation 

rate.  

 

Conclusion 

 The results of this study indicate that aggregating has at least one advantage for alewives 

at this location, since it reduces their exposure to predation. Increases in fish abundance did not 

cause a proportional increase in either predator abundance or predation rate, so individual fish in 
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large groups are safer from predation. These data support the ideas that alewives can act as cover 

species for downstream migrating Atlantic salmon smolts, particularly in larger alewife runs.  

 It is difficult to compare the results of this study with others; little work appears to have 

been done on predator-prey relations in alewives. Some research has been conducted with other 

anadromous fishes (Gende and Willson 2001, Brown and Terhune 2003), and the data from these 

studies agree with my findings that predator abundance increases in response to anadromous fish 

runs, but insufficient data was given to measure the predator-dilution effect. Other studies have 

shown alewives to be an important source of food for double-crested cormorants (Blackwell et 

al. 1997, Dalton et al. 2009), but they were based off pellet and stomach content analysis, so 

there was no information on levels of predator or alewife abundance. The only similar 

observational study conducted with alewives demonstrated a link between commercial alewife 

landings and number of harbor seals (Brown and Terhune, 2003). The relationship between 

alewife numbers and harbor seal abundance was significant, but not enough data were provided 

to draw conclusions about the predator-dilution response.   

 Overall, this study shows that while the run does attract predators, they do not appear to 

be strongly affecting the number of fish that make it up the brook. The fish ladder appears to 

concentrate the fish and may make it easier for birds and seals to prey on them, but avian 

predators around the dam do not appear to be limiting the return of the run to historic levels.  
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