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Figure 1. A magnified section of otolith from juvenile alewife ID 1064, group Spring Bay 

2014. Stars along the black transect indicate measuring points used to calculate 

incremental width (μm), mean incremental width (μm), and increment counts. For all 

otoliths, points are measured on the posterior edge of the d-matrix (dark lines). 
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Figure 2. Location site of Penobscot Estuary (square) and Bay (circle) trawls for alewife 

conducted by NOAA and MDMR during October and May, 2013 and 2014.  

 

 
 
 
 
 
 
 
 
 
 
 
 



 
26 

 
Figure 3. Sr:Ca (solid line) and Ba:Ca (dashed line) ratios starting from the core (solid 

arrow) moving to the posterior edge of the otolith (665 μm), showing transitional 

movement (dashed arrow) from freshwater to an estuarine habitat. This alewife (ID 79) 

was caught during spring 2013 in the Penobscot Estuary, Maine.  

 
 
 
 
 
 
 
 
 

-6
65

-6
30

-5
95

-5
60

-5
25

-4
90

-4
55

-4
20

-3
85

-3
50

-3
15

-2
80

-2
45

-2
10

-1
75

-1
40

-1
05 -7

0
-3

5 0 35

BA
:C

A 
X 

10
00

 

SR
:C

A 
X 

10
00

 

DISTANCE FROM CORE, MICRONS 

Core 



 
27 

 
Figure 4: Mean (± SD) length (mm) of juvenile alewife caught via trawl in May (Spring) 

and October (Fall), 2013 and 2014 in the Penobscot Estuary and Bay, Maine. Trawls 

conducted in Spring Bay 2013 and Spring Bay 2014 caught no juvenile alewife.   
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Figure 5: Mean (± SD) weight (g) of juvenile alewife caught via trawl in May (Spring) 

and October (Fall), 2013 and 2014 in the Penobscot Estuary and Bay, Maine. Trawls 

conducted in Spring Bay 2013 and Spring Bay 2014 caught no juvenile alewife.   
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Figure 6. Box and whisker plot for weight (g):length (mm) ratios among groups of 

alewife caught in October (Fall) and May (Spring), 2013 and 2014 from the Penobscot 

Bay and Estuary, Maine. Different letters indicate statistical differences in means (Tukey 

HSD, p < 0.05).  
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Figure 7. Box and whisker plots for number of days spent by juvenile alewife within each 

habitat among each group. Statistical differences within groups for mean feshwater days 

(n = 91), estuary days (n = 89), and bay days (n = 42) are designated by different letters. 

All fish experienced freshwater days, 98% of fish spent time in the estuary, and 46% of 

all alewife spent time in the bay. 
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Figure 8. Box and whisker plot showing days spent by juvenile alewife in bay, estuary, 

and freshwater habitats regardless of group. Overall, fish spent the most time in fresh 

water and the least amount of time in the bay. Different letter indicate statistical 

differences in means (Tukey HSD, p < 0.05). 
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Figure 9. Otolith microchemistry of alewife ID 669 caught in the Penobscot Estuary 

during October, 2013. The core of the otolith (thick arrow) shows the starting point for 

microchemistry analysis. Sr cutoff (6.32 Sr: Ca x 1000; thin horizontal arrow) and Ba 

cutoff (0.004 Ba: Ca x 1000; dashed horizontal arrow) were used to distinguish habitat 

changes. Examples of habitats are designated by transparent rectangles. This fish had 

large fluctuations of Sr:Ca ratios during the last 60 days of its life, interpreted as 

migrations between estuary and bay habitats.  
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Figure 10. Mean incremental width (μm) of juvenile alewife within their respective 

groups, where each dot represents an individual fish. Individual mean increment width 

ranged from 2.1 to 7.7 m, with an overall mean of 4.75 ± 1.1 m (n = 91).  
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Figure 11. Mean increment width versus increment count for all fish. Fish grew more 

slowly (increment width) as they aged (increment count). The red line denotes the 

predicted mean increment width (µm) based on increment count and shading represents 

95% CI. 
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Figure 12. Mean (± SD) growth rates (m/day) within each habitat for all juvenile 

alewife (n = 91) caught in the Penobscot Bay and Estuary, Maine.  Different letter 

indicate statistical differences in means (TukeyHSD, p < 0.05).  
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Figure 13. Sr:Ca and Ba:Ca patterns of four alewife caught in the Penobscot Estuary, 

Maine, during Fall 2013 and Fall 2014. These fish exhibited similar otolith transect 

lengths, Ba:Ca and Sr:Ca levels, and peaks and falls of Ba:Ca and Sr:Ca, suggesting that 

these fish come from the watershed and possibly the same natal water system.  
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Figure 1. Pelagic trawl site (star) conducted by NOAA on the Penobscot River, Maine, 

United States, where alewives (Alosa psuedoharengus) were collected in June, 2014. 

 
  



 
61 

 

 

Figure 2. Dissection locations for liver (left) and muscle (right) tissue circled in black for 

all alewife in this study.  
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 Figure 3. Mean (± 1 SD) 13C value in the muscle of juvenile alewife over the duration 

of the feeding experiment. Between 1 – 3 fish were sacrificed during each sampling 

event. The solid line represents SWD 13C, and the dashed line represents FWD 13C. 

The freshwater diet started at day 84 in the experiment and is represented by days 

enclosed by ( ). Neither diet caused muscle tissue to reach equilibrium for 13C.  

 

 

 

 

 

 

 


13

C SWD 


13

C FWD 



 
63 

 

Figure 4. Mean (± 1 SD) 15N value in the muscle of juvenile alewife. Between 1 – 3 fish 

were sacrificed during each sampling event. The solid line SWD 15N, and the dashed 

line represents FWD 15N. The freshwater diet started at day 84 in the experiment and is 

represented by days enclosed by ( ).  
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Figure 5. Mean (± 1 SD) 13C value in the liver of juvenile alewife. Between 1 – 3 fish 

were sacrificed during each sampling event. The solid line represents SWD 13C, and the 

dashed line represents FWD 13C.  The freshwater diet started at day 84 in the experiment 

and is represented by days enclosed by ( ). Liver tissue for SWD approached equilibrium 

for 13C by day 84, but liver tissue for FWD never approached FWD 13C values due a 

limited amount of time.   
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Figure 6. Mean (± 1 SD) 15N content in the liver of juvenile alewife. The solid line 

represents SWD 15N, whereas the dashed line represents FWD 15N. The freshwater diet 

started at day 84 in the experiment and is represented by days enclosed by ().  
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