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Alewife Alosa pseudoharengus are an integral part of the Lake Michigan ecosystem, but 

have been showing signs of declining health and reduced abundance in the past decade. A similar 

decline was shown in Lake Huron a decade before the collapse of the Alewife population in the 

early 2000s. Hence, there is concern the Lake Michigan Alewife, and to a larger extent, the Lake 

Michigan fish assemblage may be threatened. The objective of this study was to identify temporal 

changes in Alewife demographics in an effort to predict future trends. Specifically, we will 

evaluate length frequency, Fulton’s condition factor K, annual growth rates, fecundity and age at 

maturity. Fulton’s Condition Factor for Alewife declined from a mean of 0.83 in 1979-1994 to 

0.74 in 1994-2012. Von Bertalanffy growth curves from the last decade show an overall decrease 

in growth rate, maximum length, and maximum age, compared to growth rates in the 1960s, 

1970s, 1980s, and 1990s. Further, Alewife fecundity has decline in recent years. The shift in 

Alewife abundance and size structure in Lake Michigan in 2014-2015 suggested altered 

predator/prey ratios, ultimately resulting in a change in the fish assemblage, specifically, reduced 
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salmonid abundance. These composite results identified a scenario in Lake Michigan similar to 

Lake Huron in the early 2000s. 
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INTRODUCTION 

 
Alewife first appeared in Lake Michigan in 1949 (Miller, 1957), their populations grew 

quickly, and represented a majority of the fish biomass within a few years. By the mid-1960s, 

population growth was unsustainable, creating an unbalanced fishery, which eventually resulted 

in large-scale die-offs that were apparent by fouled beaches throughout the lake (Brown, 1968). 

In response to this alewife problem, Howard A. Tanner of the Michigan Department of Natural 

Resources initiated a salmon stocking program that was hoped to accomplished two goals: 1. 

reduce the Alewife population by using the Alewife as a prey species for salmonids, and 2. create 

a world class fishery to replace the historical Lake Michigan salmonid fishery decimated by the 

parasitic sea lamprey (Holey et al. 1995, Stewart et al. 1981). Both of these goals were 

accomplished, and since that time, Alewife have been managed as a critical and integral 

component of the Lake Michigan (and the other Great Lakes) food web and ecosystem (Bunnell, 

2012; Madenjian et al. 2012; Jacobs et al. 2013).  

Limiting the Alewife abundance below nuisance levels, yet maintaining a healthy prey 

base for salmonids was not a simple management approach. Most recently, predation from 

salmon, as well as several other factors, such as competition for food with Dreissenid mussels 

and a decline in Diporeia, led to a decline in the Alewife population (Madenjian et al. 2014, 

Bunnell et al. 2015, Bunnell et al 2011). Current population levels are similar to Lake Huron just 

prior to that Alewife population collapse in 2004 (Madenjian et al. 2014, O’Brien et al. 2015).  

Although abundance is a valuable metric to evaluate a fishery, it is difficult to obtain an 

accurate estimate of abundance in a large lake. Other demographics can also accurately describe 

Alewife (or any fish) health, including: length frequency, Fulton’s condition (K), length at age, 
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fecundity and age at maturity.  Furthermore, comparisons of historic and contemporary 

demographics may allow prediction of biographic changes in the quality of the Alewife 

population in Lake Michigan based on similarities with other lakes (e.g., Lake Huron). Lastly, 

because this population and the Lake Michigan ecosystem are dynamic, ongoing monitoring is 

vital for effective management.   

Classic density dependency theory suggests that a reduction in abundance would increase 

size and growth rates of fish (Headley and Lauer 2008). However, this does not appear to be the 

case with Lake Michigan Alewife in recent years. Both total length and growth rates have 

declined since the late 1990s, and when coupled with reduced abundance, this decline suggests 

that available forage (biomass) for Alewife was reduced (Madenjian et al. 2003, Madenjian et al. 

2006).  

Our objectives for this study were to describe Alewife population demographics in 

southern Lake Michigan. Specifically, we evaluated length frequency, Fulton’s condition factor 

K, annual growth rates, fecundity and age at maturity. Demographic comparisons were made 

using historical data collected from the 1960’s to 2015. We hypothesized the population is 

currently stressed based on a decrease in these demographics, despite a decrease in population 

size.
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CHAPTER ONE 

Population Dynamics  

Introduction 

Alewife first appeared in Lake Michigan in 1949 (Miller, 1957), their populations grew 

quickly, and represented a majority of the fish biomass within a few years. By the mid-1960s, 

population growth was unsustainable, creating an unbalanced fishery, which eventually resulted 

in large-scale die-offs that were apparent by fouled beaches throughout the lake (Brown, 1968). 

In response to this alewife problem, Howard A. Tanner of the Michigan Department of Natural 

Resources initiated a salmon stocking program that was hoped to accomplished two goals: 1. 

reduce the Alewife population by using the Alewife as a prey species for salmonids, and 2. create 

a world class fishery to replace the historical Lake Michigan salmonid fishery decimated by the 

parasitic sea lamprey (Holey et al. 1995, Stewart et al. 1981). Both of these goals were 

accomplished, and since that time, Alewife have been managed as a critical and integral 

component of the Lake Michigan (and the other Great Lakes) food web and ecosystem (Bunnell, 

2012; Madenjian et al. 2012; Jacobs et al. 2013).  

Limiting the Alewife abundance below nuisance levels yet maintaining a healthy prey 

base for salmonids was not a simple management approach. Most recently, predation from 

salmon, as well as several other factors, such as competition for food with Dreissenid mussels 

and a decline in Diporeia, led to a decline in the Alewife population (Madenjian et al. 2014, 
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Bunnell et al. 2015, Bunnell et al 2011). Current population levels are similar to Lake Huron just 

prior to that Alewife population collapse in 2004 (Madenjian et al. 2014, O’Brien et al. 2015).  

Although abundance is a valuable metric to evaluate a fishery, it is difficult to obtain an 

accurate estimate of abundance in a large lake. Other demographics can also accurately describe 

Alewife (or any fish) health, including: length frequency, Fulton’s condition (K), length at age, 

fecundity and age at maturity.  Furthermore, comparisons of historic and contemporary 

demographics may allow prediction of biographic changes in the quality of the Alewife 

population in Lake Michigan based on similarities with other lakes (e.g., Lake Huron). Lastly, 

because this population and the Lake Michigan ecosystem are dynamic, ongoing monitoring is 

vital for effective management.   

Classic density dependency theory suggests that a reduction in abundance results in 

increased size and growth rates of fish (Headley and Lauer 2008). However, this does not appear 

to be the case with Lake Michigan Alewife in recent years. Both total length and growth rates 

declined since the late 1990s, and when coupled with reduced abundance, this decline suggests 

that available forage (biomass) for Alewife is reduced (Madenjian et al. 2003, Madenjian et al. 

2006).  

Age and growth were regularly documented for Alewife in Lake Michigan, but most 

investigations examined only in deep or shallow waters, and only during limited times of the year 

(Madenjian et al. 2003; Norden, 1967; LaBay and Lauer, 2006). Alewife growth rates, maximum 

length, and maximum age in Lake Michigan declined over the last few decades (Madenjian et al. 

2003, Brown, 1968). For example, in 1967, the mean length of an age-2 Alewife was 139 mm and 

in 2014 mean length was 105 mm. In addition to reduced growth rates, changes like this may 

delay maturity or result in decreased fecundity (Lauer et al. 2005).  Alewife were collected and 

aged to eight years by Ball State University researchers starting in 2008. After 2008, maximum 
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age was reduced to 5-6 years (Madenjian et al. 2014). Whether this reduction was from poor 

recruitment or adult mortality is unknown. Furthermore, Von Bertalanffy growth curves based on 

data from Brown (1968), Madenjian et al. (2003), and Ball State University (unpublished) in 

2004 and 2014-2015 were reduced in every decade since 1960. 

Our objectives were to describe Alewife population demographics in southern Lake 

Michigan. Specifically, we evaluated length frequency, Fulton’s condition factor K, annual 

growth rates, fecundity and age at maturity. Demographic comparisons were made using 

historical data collected from the 1960’s to as recently as 2015. We hypothesized the population 

is currently stressed based on a decrease in these demographics, despite a decrease in population 

size.  

 

Methods 

Data were collected from several sources with several time periods and using a variety of 

sampling methods. These included historic published data collected by United States Geological 

Service (USGS), published and unpublished data from USGS, historic unpublished data from Ball 

State University (BSU) archives, and recent (2014-2015) data we collected.  

 

Field Methods: 

 The United States Geological Service conducted lake wide surveys in Lake Michigan 

each fall starting in 1973. Fish were collected using a bottom trawl, with a 12 m headrope, 

dragged on contour at 9 to 110 m depths for 10- min tows (Madenjian et al. 2003). Average 

towing speed of the trawl was 3.4 km/h (Fleischer et al. 2000). Tows were regularly conducted at 

seven locations along the Lake Michigan shoreline: Frankfort (Michigan), Ludington (Michigan), 
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Saugatuck (Michigan), Waukegan (Illinois), Port Washington (Wisconsin), Sturgeon Bay 

(Wisconsin), and Manistique (Michigan) (Madenjian et al. 2002). In addition to historic data, 

recent samples collected by USGS in July 2015 from Sturgeon Bay and Racine WI were included 

in the current study to increase sample size for age, growth, and fecundity estimates. The USGS 

determined length-frequency distribution of Alewives by recording total lengths to the nearest 

mm in a random sample of up to 200 fish (Madenjian et al. 2003).  

 Historic BSU Alewife data for age and growth data began in 1971 by McNutt (1973) 

with collections adjacent to Michigan City IN (site M, Figure 1). Fish were taken from May 

through October using a bottom trawl with a 5 m foot rope constructed of 38 mm stretch mesh 

nylon with 13 mm stretch mesh cod end. Fifteen min tows were conducted parallel to shore at 

depths of 5, 10, 15, and 18 m. Additional Alewife were collected with 76 m experimental gill nets 

constructed of five 2.5 x 15 m panels with stretch mesh sizes of 38, 50, 63, 76, and 101 mm. Gill 

nets were set at the surface and bottom of each depth for one hour at 1200 hours and 2400 hours 

(McNutt, 1973).  Length data from 1983 – 2007 were from fish collected at three sites in 

Southern Lake Michigan. Stations M and K were sampled from 1983 through 2015 and station G 

was sampled from 1989 through 2015 (Figure 1). For these data, trawling was reduced to six, 10 

min tows at 5 m depths. Detailed sampling methods can be found in Shroyer and McComish 

(1998) and Lauer et al. (2004).   

Alewife were collected from four locations EC, G, K, and M in Indiana waters of 

southern Lake Michigan (Figure 1) during 2014-2015. Fish sampling occurred once per month 

using gill nets from May through August with additional sampling in June 2015, to ensure capture 

of fish at the presumed time of spawning. August sampling was a combination of gillnetting and 

trawling. In 2014, samples were collected on May 20, June 9 - 12, July 7 - 10 and August 6 - 11. 

In 2015, sampling started on May 18 and May 20. Sampling resumed from June 1 - 4 with 
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additional sampling June 23. July samples were collected from July 6 - 13 with additional fish 

provided by the USGS that were collected July 22 and 26. August 2015 samples were collected 

from August 4 - 6.     

Experimental monofilament gill nets were used to collect Alewife and were comprised of 

twelve 15.2 m panels of stretched mesh sizes 32, 38, 46, and 51 mm with a depth of 1.8 m. Gill 

nets were set on bottom parallel to shore at 5 m depth contours at four locations (M, K, G, and 

EC), with one location per night. Nets were set over night from dusk to dawn for an approximate 

12-hour set. The same sites and depth were sampled in August 2014 and 2015, using a semi-

balloon otter trawl (4.9 m headrope, 5.8 m footrope, 38 mm stretched mesh nylon, 13 mm cod 

end). Six 10 min tows were conducted immediately after sunset at each site, one site per night 

with approximately 10 min between tows at a speed of 4-5 km/h. Detail are in Shroyer and 

McComish (1998).  

Following collection, Alewife were removed from the net or trawl, organized by mesh 

size or trawl time, immediately placed on ice, and transported to the Indiana DNR field station in 

Michigan City, IN for processing within 12 hours. Alewife were counted and measured for total 

length (TL) in mm. If more than 300 fish were collected all fish were counted, and a subset of 

300 were randomly selected for length measurement. In 2014, more than 300 fish were collected 

and 300 were randomly selected for measurement. In addition, 10 Alewife were taken at each 10 

mm TL class per site for additional measurements for each sampling event. Alewife were 

weighed to the nearest 0.2 g, gonads removed, sex determined visually, and gonads were weighed 

to the nearest 0.2 g. Sagittal otoliths were removed for ageing and stored in 70% ethanol.  
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Lab Methods 

Alewife age and back-calculated lengths were from whole otoliths immersed in cedar oil 

and observed under a microscope at 50x magnification.  Annular rings were measured using 

digital imagery and recorded directly into a spread sheet. Methods for aging were based on LaBay 

and Lauer (2006) who determined whole otoliths were most accurate for estimating age of 

Alewife. Otoliths were read and 10% of random samples were re-aged for quality control. 

Differences in ages were discussed between the readers and an age was agreed upon. Visual 

images of the annual rings were recorded using a PAXcam3 camera system. 

 

Data Analysis 

Mean Alewife TL (dependent variable) collected by Ball State University from 1983 to 

2007 was separated by decade (independent variable; 1980, 1990, 2000) in an effort to detect 

trends among decades. The original data included young of the year (YOY) Alewife which 

caused skewness in the models. To correct this, all Alewife in the data set less than 60 mm TL 

were eliminated from the analysis, because previously all age-1 fish were over 60 mm TL (LaBay 

& Lauer 2006). A generalized linear model tested for differences in TL among months with 

decade as a random effect.   

Fulton’s K (Anderson and Neumann, 1996) was calculated from the weights of 175 mm 

TL Alewife collected by the USGS from 1979 - 2013. To align changes by time period, data were 

divided into three periods (independent variable; 1979-1989, 1990-1999, and 2000-2013). A 

single-factor ANOVA was used to test for significant differences among decades. We tested for 

an abrupt decline in TL separated into two periods: 1979 - 1994 and 1995 - 2013. This distinct 

change was also observed by Madenjian et al. (2003). The data were normally distributed (P > 

0.05) and mean condition between time periods was compared using a one-way t-test.  
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Growth estimates were calculated using Von Bertalanffy (von Bertalanffy 1938) 

equation: 

𝑙𝑙𝑡𝑡 = 𝐿𝐿∞�1− 𝑒𝑒−𝐾𝐾(𝑡𝑡−𝑡𝑡𝑜𝑜 )� 

Where:  t = time, l = length, k = growth rate, and L∞= the asymptotic length where growth is zero.  

Growth was compared among several time periods using available Ball State University data 

from time periods starting in 1971. Lake-wide data for 1984-1994 were from Madenjian (2003). 

Data for 2004 were from unpublished BSU archives collected by LaBay and Lauer (2006) in 

southern Lake Michigan. The 2014 – 2015 data were collected for this study using methods 

described above. A regression model was used to predict the annual expected growth increment 

based on TL at the beginning of the growth year (Lbegin). 

ΔLi =  (Lbegin X m) + a  

where: ΔLi =  change in length of the fish during year, Lbegin = length of the fish at the 

beginning of year I, m  = a parameter that describes the slope of the regression, and a = a 

parameter that describes the y-intercept of the regression.  

A Tukey Pairwise Comparisons test was used to test for variation in regression slopes. Variation 

in regression slopes and intercepts suggests differing growth rates among years (Headley and 

Lauer, 2008).  

 

Results 

This study examined multiple data sets over four decades with data from more than 

40,000 Alewife. Average length has not significantly declined in recent collections compared to 

historic data (Figure 2). Condition factor K showed a sharp decline in 1994 followed by a lower 

mean K for the next two decades (Figure 3). Annual growth rates were lower in 2004 than any 
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other time period. Unexpectedly, the 2014-2015 time period was not different from historic 

growth trends although maximum age was reduced to six years as opposed to eight in historic 

time periods.  

Total length data from 29,566 Alewife during 1983-2007 showed a significant decrease 

(T = 5.17, P = 0.03) between months June and August for all decades (Table 1). There was also a 

decline in TL in the 2000 decade in June and July compared to the previous decades. Mean total 

length increased in August in the 2000 decade.  

Length at age data for Alewife from Ball State University in the 1970s (unpublished) and 

from Madenjian et al. (2003) in the 1980s and 1990s showed a maximum age of eight years and 

maximum mean TL of 203 mm. The Tukey Pairwise Comparisons test revealed that between the 

1984 – 1994 and 2004 time periods there was a significant decrease in length at age (Figure 3, 

Table 3). Both maximum age and maximum TL were lower, to a maximum TL of six years of age 

and 170 mm length. Growth per year of life increased slightly lake-wide in years 2014 and 2015 

when compared to 2004 data set (Figure 2). This growth was significantly lower than the 1971 

data and the 1984 – 1994 data. Maximum age for 2014 and 2015 was six years (Figures 2 & 3).  

Fulton’s Condition Factor resulted in high annual variability since the 1970s, with a range 

from 0.66 to 0.88 and grand mean of 0.78. A significant difference resulted in the comparison for 

the period 1979 -1994 ( = 0.826, SD = 0.04) to 1995 - 2013 ( = 0.735, SD = 0.03; t = 7.18, P 

< 0.05) (Warner USGS personal communication) (Figure 4). Mean condition factor decreased 

10% between the two periods.  
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Discussion 

Alewife are a crucial component of the Lake Michigan food web, particularly as diet for 

the economically important salmonids. A further decline in the Alewife and salmonid populations 

likely would have similar consequences as the crash of these species in Lake Huron. Zooplankton 

consumption by dreissenid mussels in Lake Michigan resulted in a shift in all biomass, resulting 

in a bottom-up effect that reduced Alewife productivity and a decline in Chinook growth rates 

(Great Lakes Fishery Commission, 2005). There was a negative shift in maximum TL and 

maximum age of Alewife that revealed controversial population issues for managers. Bunnell et 

al. (2015) predicted that when Alewife populations decline, condition, length, and body size will 

increase. However, they observed the opposite pattern.  

Mean TL of Alewife decreased unexpectedly in summer months. Predictions were that 

fish would grow during warm summer months and TL should not decrease. There are two 

potential explanations for reduced mean TL. First, larger fish died earlier in the summer than 

previously thought. This is unlikely however, because fish collected on beaches include all length 

classes. Second, this decline in TL may be due to the migration of Alewife as larger fish moved to 

the shallows earlier in the year and then migrated to deeper waters, while smaller individuals 

remained in near-shore shallows. Reproductive behavior is a potential explanation for migration 

as adults move to shallows to spawn, and then move to deeper waters later in the summer (Wells, 

1968). Foraging patterns also potentially influence this behavior as higher abundances of 

preferred prey tend to occur at deeper sites in summer and fall (Pothoven & Vanderploeg, 2004).  

Alewife grew slower and to lower maximum age in recent years, resulting in a population 

containing smaller and younger fish. One of the main influences on Alewife growth is selectivity 
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of predators (Jacobes et al. 2013. The Alewife’s primary predator is Chinook Salmon 

Oncorhynchus tshawytscha which prey almost exclusively on Alewife. This slower growth and 

overall smaller size and condition of Alewife causes an increase in the number of fish consumed 

by Chinook Salmon. This may results in a decrease in recruitment and reproductive potential 

(Jacobs et al. 2013). Additionally, zooplankton assemblage composition (a primary food source 

for Alewife) in Lake Michigan has changed with invasive species, including Spiny waterflea 

Bythotrephes longimanus and Dreissenid mussels. Dreissenid mussels caused a decrease in 

Alewife primary food source, Diporeia (Nalepa et al. 2006) with no alternative substitute 

(Pothoven & Madenjian 2008). This decline in available prey likely caused decreased mean 

condition of Alewife, which declined 11% between the 1979 – 1994 and 1995 – 2013 periods, 

similar as in Madenjian et al. (2003). 

Maximum age of Alewife in Lake Michigan decreased in the past 50 years. In the 1960s 

it was not uncommon to collect fish of age 11 and older (Brown, 1968). The maximum age of fish 

collected in 2015 was only six years old and there were very few individuals this age. This 

decrease in diversity of age classes results in an increased potential for the population to be 

impacted if future recruitment year classes are weak. Recent changes in climate and decreased 

food abundance resulted in decreased recruitment strength.  

Many of the Alewife individuals captured in 2014 and 2015 were likely from the 2010 

year class, a particularly strong year class (Bunnell et al. 2013). The increase in growth observed 

from 2004 to 2014-2015 was a result of ideal conditions during the early few months of larval 

Alewife in 2010 that has not occurred again.  

These changes in Alewife populations in Lake Michigan likely resulted in a decline of 

salmon catch rates. Some managers of the lake would like to improve the recreational catch of 

salmon for economic reasons. To see a rebound in Alewife (and therefore salmon populations), 
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and avoid a catastrophic crash similar to Lake Huron, managers may respond by decreasing the 

stocking of predator fish into Lake Michigan. This decrease in stocking would likely only be 

necessary for a short period of time until the ratio of predators to prey in the lake are at more 

sustainable levels and the Alewife show some improvement in most areas of their population 

metrics. Ideally, this would include increases in maximum age, length, and condition as well as 

an increase in like wide catch rates during sampling events with more age diversity.  
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CHAPTER TWO 

Fecundity 

Introduction 
Alewife first appeared in Lake Michigan in 1949 (Miller, 1957), their populations grew 

quickly, and represented a majority of the fish biomass within a few years. By the mid-1960s, 

population growth was unsustainable, creating an unbalanced fishery, which eventually resulted 

in large-scale die-offs that were apparent by fouled beaches throughout the lake (Brown, 1968). 

In response to this alewife problem, Howard A. Tanner of the Michigan Department of Natural 

Resources initiated a salmon stocking program that hoped to accomplished two goals: 1. reduce 

the Alewife population by creating Alewife as a prey species for salmonids, and 2. create a world 

class fishery to replace the historical Lake Michigan salmonid fishery decimated by the parasitic 

sea lamprey (Holey et al. 1995, Stewart et al. 1981). Both goals were accomplished, and Alewife 

are managed as a critical and integral component of the Lake Michigan (and the other Great 

Lakes) food webs and ecosystem (Bunnell, 2012; Madenjian et al. 2012; Jacobs et al. 2013).  

Limiting Alewife abundance below nuisance levels yet maintaining a healthy prey base 

for salmonids was not a simple management approach. Most recently, predation from salmon, as 

well as several other factors, such as competition for food with Dreissenid mussels and a decline 

in Diporeia, led to a decline in the Alewife population (Madenjian et al. 2014, Bunnell et al. 

2015, Bunnell et al 2011). Current Alewife population abundnaces are similar to Lake Huron just 

prior to that Alewife population collapse in 2004 (Madenjian et al. 2014, O’Brien et al. 2015).  
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Although abundance is a valuable metric to evaluate a fishery, it is difficult to obtain an 

accurate estimate of abundance in a large lake. Other demographics can also accurately describe 

Alewife (or any fish) health, including length frequency, Fulton’s condition (K), length at age, 

fecundity and age at maturity (Hannah, Blume, and Thompson 2009; Clark 1991) .  Furthermore, 

comparisons of historic and contemporary demographics may allow prediction of biographic 

changes in the quality of the Alewife population in Lake Michigan based on similarities with 

other lakes (e.g., Lake Huron). Lastly, because this population and the Lake Michigan ecosystem 

are dynamic, ongoing monitoring is vital for effective management.   

Classic density dependency theory suggests that a reduction in abundance results in 

increased size and growth rates of fish (Headley and Lauer 2008). However, this does not appear 

to occur in Lake Michigan Alewife in recent years. Both total length and growth rates declined 

since the late 1990s, and when coupled with reduced abundance, this decline suggests that 

available forage (biomass) for Alewife is reduced (Madenjian et al. 2003, Madenjian et al. 2006).  

 
Alewife fecundity in Lake Michigan was not assessed since Norden (1967), who found 

that females produced from 11,000 to 22,000 eggs each, and most of the spawning fish were 

ages-2 and 3 (n = 35).  Since the 1960’s, the lake has gone through many changes, most notably 

the recent invasions of Dreissenid mussels and Round Goby Neogobius melanostomus. The 

timing of these invaders was coincidently associated with decreased abundances of the amphipod 

Diporeia, a main food source of Alewife (Madenjian et al. 2006). These distinct changes in 

ecosystem structure and Alewife diet potentially influenced or caused observed fecundity 

variation in Alewife (Al Hafedh, 1999).  

Earlier maturity of fish is typically a result of decreased population abundance (Trippel, 

1995). This phenotypic response in populations occurs due to reduced competition for resources 
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at early ages, and contributes to increased lifetime reproductive output (Trippel, 1995). Estimates 

for Alewife age at maturity for Lake Michigan do not currently exist. Bronte et. al. (1991) found 

that most female Alewife matured at age 2 and males matured at age 3 in Lake Superior. These 

two lake ecosystems are drastically different, and accurate comparisons may only provide a 

baseline. Norden (1967) obtained egg samples from fish in Lake Michigan as early as age 2 but 

an exact A50 was not calculated.  We hypothesized the Lake Michigan Alewife population was 

currently stressed based on decreased fecundity and age at maturity, in addition to decreased 

population abundance.  

 

Methods 

Alewives were collected from four locations EC, G, K, and M in Indiana waters of 

southern Lake Michigan (Figure 1) during 2014-2015. Fish sampling occurred once per month 

using gill nets from May through August with additional sampling done in June in 2015 to ensure 

capture of fish at the presumed height of spawning. August sampling was a combination of 

gillnetting and trawling. In 2014, samples were collected on May 20, June 9 - 12, July 7 - 10 and 

August 6 - 11. In 2015, sampling occurred on May 18 and May 20. Sampling resumed June 1 - 4 

with additional sampling June 23.  July samples were collected July 6 - 13 with additional fish 

provided by the USGS that were collected July 22 and 26. August 2015 samples were collected 

August 4 - 6.     

Alewife were collected with experimental monofilament gill nets comprised of twelve 

15.2 m panels of stretched mesh sizes 32, 38, 46, and 51 mm with a depth of 1.8 m. Gill nets were 

set on bottom parallel to shore at 5 m depth contours at four locations (M, K, G, and EC), one 

location per night. Nets were set overnight from dusk to dawn for approximately 12-hour sets. 
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The same sites and depths were sampled in August 2014 and 2015, using a semi-balloon otter 

trawl (4.9 m headrope, 5.8 m footrope, 38 mm stretched mesh nylon, 13 mm cod end). Six 10-

min tows were conducted immediately after sunset at each site, one site per night with 

approximately 10 min between tows at a speed of 4-5 km/h. Collection details are in Shroyer and 

McComish (1998).  

Following collection, Alewife were removed from the net or trawl, organized by mesh 

size or trawl time, placed on ice, and transported to the Indiana DNR field station in Michigan 

City, IN for processing within 12 hours. Alewife were counted and measured for total length (TL) 

in mm. If more than 300 fish were collected all fish were counted and 300 were randomly 

selected for length measurement. In 2014, fish were randomly selected, because the number of 

Alewife collected was greater than 300. In addition, 10 Alewife individuals were taken in each 10 

mm TL class per site for additional measurements for each sample event. Alewife were weighed 

to the nearest 0.2 g, gonads removed, sex was visually determined, and gonads were weighed to 

the nearest 0.2 g. Maturity was identified based on observing whole eggs in the ovary of females 

or a milky white color of testes in males. Sagittal otoliths were removed for ageing and stored in 

70% ethanol.  

In 2015 Alewife were captured, counted, and measured as in 2014, but approximately 30 

Alewife per 10 mm length class were frozen and transported to the laboratory for additional 

analyses. Once thawed, Alewife were measured for TL, mass to the nearest 0.2 g, and gonads and 

otoliths removed; up to 10 individuals from each 10 mm TL class were measured, with at least 

five females when possible. Otoliths were stored in 70% ethanol and aged at a later date. Gonads 

were removed and weighed to the nearest 0.2 g and female gonads were hardened in 10% 

formalin using methods from Norden (1967). Female gonads were determined to be mature if 

eggs were clearly developed in the ovary. Male gonads were determined to be mature by a white 
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to light pink coloration and milky consistency.  Additional fish were collected in 2015 by the 

USGS from Racine and Sturgeon Bay on western Lake Michigan in Wisconsin waters using 

trawling methods from Madenjian et al. (2003). These frozen fish were processed as described 

above. 

Fecundity was estimated from samples collected in 2015. Hardened ovaries were blotted 

dry to remove excess moisture and ovaries were weighed a second time to the nearest 0.001 g to 

determine weight change in formalin and to calculate fecundity. Once a weight was obtained for 

each pair of ovaries, three small pieces (~0.1-0.2 g) were cut from anterior, center, and posterior 

sections of the ovary and eggs were counted under 20x magnification. Total number of eggs was 

determined by direct proportion. 

Adult Alewife fecundity was evaluated using four methods. First, the difference in 

preserved and unpreserved egg weight was analyzed using a 2-sample t-test to determine whether 

storage in 10% Formalin had a significant impact on egg weight (Figure 8). Second, a linear 

regression of fecundity (dependent variable) and length (independent variable) was plotted to test 

for significant length-fecundity relationships for combined summer months collectively, and for 

each summer month (May, June, and July) individually. In these tests, fecundity was log10 

transformed to meet the normality assumption (P > 0.05). Third, one-way ANOVA was used to 

test for significant differences in mean fecundity (dependent variable) among months 

(independent variable). Data for all months did not meet the normality assumption (P < 0.05), so 

a Kruskal-Wallis test was used to test for differences among months in the mean egg count per 1 

g of preserved ovary.  
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Results 

Alewife fecundity was based on 121 mature female fish with a TL range of 118 - 197 mm 

and age range from 2 - 5 years. Gonad weight ranged from 0.4 to 8.6 g with a mean weight of 

2.45 g. In mature females the gonads were 6.8 ± 2.4% in May, 9.4 ± 3.5% in June, and 7.2 ± 

2.8% in July. The mean fecundity estimates for May, June, and July combined was 12,971 eggs, 

with individual ranges from 2275 - 41227 (Table 2). Some of these were much larger than in 

Norden (1967). Norden (1967) estimated fecundity by separation into groups based on age, 

resulting in the oldest fish with the highest mean of 22,407. Two Alewife captured in August with 

TL of 143 and 149 had ovaries with countable eggs and were estimated to have 5,538 and 3,037 

eggs, respectively. These were determined to be fish that already released most of their eggs and 

were not included in the data analyses. We found a significant positive linear relationship for 

fecundity (response variable) and TL (predictor variable) (F = 81.36, df = 106, P < 0.001, r2 = 

0.431, Figure 5) for all months combined described by the equation: 

Fecundity = - 33797 + 296.2 TL (mm)  

Mean fecundity did not differ significantly among months May (15,918 ± 2,317) and June 

(14,427 ± 2,223) but was significantly lower in July (8,309 ± 2,351) (F = 11.76, df = 2, P < 

0.001, Figure 6). Eggs per g of gonad did not differ among months June (3,998± 1,018) and July 

(5,521 ± 1,371) but was significantly higher in May (8,192 ± 1,393) (F = 11.60, df = 2, P < 0.001, 

Figure 7). Eggs per g of gonad did not differ among months June and July but was significantly 

higher in May (H = 42.05, df = 2, P < 0.001, Figure 7).  

 Age at maturity was based on 308 Alewife consisting of 125 female and 183 males 

collected in June and July of 2015. Ages ranged from age 1 through age 6. The A50 of the 

population was 1.64 years and nearly all fish were mature by age 3 (Figure 9).  
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Discussion 

An accurate and recent estimate of Lake Michigan Alewife fecundity and age at maturity 

during summer months can provide managers with future recruitment estimates. A change in 

fecundity or age at maturity can indicate changes in population health or adaptation to changing 

environments over the last several decades. Previous studies (Nordan 1967, Bronte et al. 1991) 

may have missed the opportunity to identify changes in fecundity during summer months. As 

length can directly influence fecundity, knowledge for why larger fish occur in shallower waters 

earlier in the summer and may spawn earlier will be useful. Fecundity estimates for fish captured 

earlier in the summer may allow us to identify this pattern.   

There was a direct relationship between fecundity and TL. Reduced maximum TL and 

maximum age for the population will result in decreased amount of eggs produced per female. 

This can be observed in our current data and in Norden (1967) where increased length, gonad 

weight, and fecundity occurred for all ages. This increases pressure on Alewife populations that 

experienced reduced abundances in Lake Michigan (Bunnell 2015), likely leading to further 

management issues for Alewife and predator populations.  

Fecundity of Alewife decreased during summer months in 2015. This was likely a result 

of migration of larger fish to shallow water during early summer months. These larger fish move 

to deeper water later in the summer to forage. Females collected in August had completely 

spawned or reabsorbed the eggs. 

This reduced fecundity may affect recruitment in Lake Michigan Alewife populations 

that were previously reduced. These smaller, less fecund fish that were recently observed in Lake 

Michigan have a smaller probability of supporting future populations, with no management 



21 
 

action. One factor that can be influenced by management is to reduce predation pressure by 

reducing salmonid (specifically Chinook salmon) abundance. This may allow the Alewife 

population to rebound in Lake Michigan and the salmon populations can follow with a stable 

food base. 

Alewife matured at an earlier age then previously reported. This is likely due to the 

stressed population and compensation by earlier reproduction (Trippel, 1995). Predators that 

select larger, older fish may influence the age of maturity for the population.  

Recent reductions in salmonid stocking were an attempt to reduce predation on Alewife 

(Eggold et al. 2018). Without reduced salmonid stocking the Lake Michigan Alewife populations 

will likely suffer a similar fate as the Lake Huron Alewife population in the early 2000s. It would 

be difficult for the population to recover from a similar Lake Huron crash. With less predation 

pressure the Alewife population may increase in abundance and health.  
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Figure 1. Map of Lake Michigan indicating study sites EC, G, K, and M.  
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Figure 2. Mean length Alewife from 1983-2007 and 2014-2015. Alewife were all collected by 
Ball State University. The slight decline in overall average length was not significant.  
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Figure 3. Lake Michigan Alewife condition factor K from 1979-2013. Small dashed line indicates 
mean K. Dotted line indicates mean K from 1979-1994, thick dashed line indicates mean from 
1995-2013. Data from USGS. 

 

 

0.6
0.65

0.7
0.75

0.8
0.85

0.9

Co
nd

iti
on

 K

Year



29 
 

 

Figure 4. Von Bertalanffy Curve for Lake Michigan Alewife from 1971, 1984-

1994, 2004, and 2014-15. Fish from 1971 were aged using scales and other years 

used otoliths. Fish from 1984-1994 were collected by USGS throughout all of 

Lake Michigan and not restricted to Indiana waters as was BSU data. Recent data 

shows age was truncated to 6 years and reduced growth rates. 
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Figure ?. Alewife growth regression of total length for Lake Michigan 

Alewife from 1971, 1984-1994, 2004, and 2014-15. Calculated from the 

equation ΔLi =  (Lbegin X m) + a.   
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Figure 5. Combined length/fecundity relationship for southern Lake 

Michigan Alewife for May, June, and July of 2015 (N = 121, R2 = 0.447). 

Log Fecundity = 2.249 + 0.01117 Total Length (mm).  
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Figure 6. Boxplot of fecundity as number of eggs per female for 121 

Lake Michigan Alewife. July samples were collected in early July by 

BSU and includes samples from later in July by USGS at Sturgeon Bay 

and Racine. Mean fecundity for fish collected by Norden (1967) ranged 

from 11,000-22,000 based on 35 fish captured in July of 1965.   
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Figure 7. Estimate of egg count in 1 g of eggs 
preserved in 10% formalin for Lake Michigan Alewife 
in 2015. Preserved ovaries generally weighed slightly 
more than fresh/frozen ovaries (Figure 8). Labels show 
mean number of egg estimates.  
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Figure 8. Boxplot of ovary weight change in 10% formalin. Eggs were stored in formalin 

from two to nine months before being counted. 
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Figure 9. Age at maturity for Lake Michigan Alewife 

collected in June and July of 2015. Graph includes both 

males and females.  
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Month 
Total Length (mm) 

est. 95% CI  
June 154.25 145.93 - 162.59 
July 146.16 130.96 - 161.36 

August 116.14 93.37 - 138.91 
 

  

Table 1. Predicted mean total length (mm) of southern Lake Michigan Alewife with 95 % 

confidence intervals 
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Table 2. Mean fecundity of 121 Alewife collected in summer of 2015 in Lake Michigan   

Age Number of 
Specimens 

Mean total length in 
mm 

Mean weight of 
ovary in grams 

Mean number of 
eggs per female 

2 34 141 1.6 8921 
3 58 156 2.5 11184 
4 23 171 2.9 14934 
5 6 182 5.7 25253 
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Table 3. Regression of total length of all ages of Alewife in Lake Michigan on the 

predicted annual growth increment based on total length at the beginning of the growth 

year, by year. Figure 3 shows the best-fit line for each year. Data from 1971 were based 

on back-calculated total length and others were calculated based on length at age.  

 
Year Intercept (SE) Slope (SE) R2% 
1971 92.66 (0.26) -0.475 (0.00165) 100 
1984 - 1994   123.9 (8.56) -0.6468 (0.052) 96.3 
2004 76.02 (5.68) -0.4370 (0.0469) 95.6 
2014 - 2015 100.58 (10.6) -0.5698 (0.0782) 93 
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