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Abstract 
Atlantic herring from a fish kill that stranded in 2016 in St. 

Mary’s Bay Nova Scotia, Canada were sub-adult, and had reduced body 
condition compared to reference herring. Some exhibited spine abnormali-
ties, had elevated cadmium, with significant numbers exhibiting otic (ear) 
capsule bleeds. Morphometrics from fish kill herring (n=90) were compared 
to age region-matched reference herring. Major findings include 62% re-
duced slope of length weight relationship and lower weight for age com-
pared to the reference herring group. Fish kill herring had elevated liver 
cadmium (0.20 µg/g ± 0.08), magnesium (549.1 µg/g ± 157.9) and zinc 
(31.6 µg/g ± 3.5) as well as muscle magnesium (567.5 µg/g ± 176.7) and 
zinc (7.68 µg/g ± 2.9).  Additional findings include a 10% incidence of 
spine curvatures, while 65% had otic capsular bleeds. Implications include 
possible          underlying health issues from environmental stressors, in-
cluding elevations in cadmium, reduced body size profiles and spine de-
fects, together with potential exposure to dramatic pressure changes within 
the confines of St. Mary’s Bay (eg. otic bleeds in some herring) could have 

contributed to their eventual stranding.  [JMATE 2019;11(2):18-28] 
 

Keywords: cadmium, magnesium, zinc, spine curvature, otic capsule 
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specifically cobalt, zinc, nickel, copper, arsenic,       
cadmium, mercury and lead in Bay of Fundy waters 
(33).  
 Between November 2016 and January 2017,     
Atlantic herring between two and three years of age 
(considered sub-adult as herring reach sexual maturity 
at 4 years of age) began washing up along the shores of 
St Mary’s Bay, an offshoot of the BOF on the Nova 
Scotia side (Figure 1). Overall, more than 3.8 million 
sub-adult herring beached over this period, with no clear 
cause determined. Based on average weights of these 
herring, the biomass of the fish kill was calculated to be 
at least 192 tonnes, estimated as approximately 1.64% 
of the unusually high total biomass in St. Mary’s Bay         
identified by an acoustic survey conducted around that 
time (~11,700 tonnes) (13).  This study examined a   
select number of the fish kill herring and documented 
their morphometrics, identified any structural            
abnormalities and organ heavy metals levels.  
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Introduction 
Atlantic herring (Clupea harengus) are pelagic, 

schooling fish found in large numbers in and around the 
Bay of Fundy (BOF), a critical and biologically diverse 
body of water bordered by New Brunswick and Nova 
Scotia, Canada (Figure 1). Herring are crucial to the   
economic success of the 4WX fishery site on the east 
coast of Canada, which encompasses all southwest Nova   
Scotia, including the BOF (11). In addition to their    
economic importance, herring are crucial to the aquatic 
food chain as they are forage fish for other predatory fish 
(eg. cod), and local marine mammals such as dolphins, 
porpoises and seals (12). Migratory species such as 
Humpback whales, and endangered Fin and Sei whales 
also use the BOF as a very important feeding ground 
along their migratory path (7, 8). Any environmental 
changes that threaten the stocks of herring in this area 
would clearly have significant impacts on both the    
commercial fishery and predatory species relying on 
these stocks. Changes have been reported in the BOF 
including increasing temperatures, decreasing pH and 
elevations of contaminants, specifically heavy metals.   
A report in 2017 confirmed an increase in heavy metals, 

Figure 1a: Map of 
Atlantic Canada & 
northeastern 
U.S.A.  
 
 
 
 
 
 
 
 
Figure 1b: Bay of 
Fundy & St. 
Mary’s Bay, Nova 
Scotia, Canada.  
Location of herring 
collected: 
○ DFO trawl  
(reference fish)  
□ Brighton beach   
● Plympton beach   
× Gilbert’s Cove 
beach  



 

 

Methods 
 Herring were collected from three separate     
beaching locations in Nova Scotia including:                 
a) Gilbert’s Cove (lat: 44º29’14.83”N, long: 65º56’ 
31.35”W), November 28th, 2016 (n=30); b) Brighton 
(lat: 44º33’23.10”N, long: 65º51’15.47”W), November 
30th, 2016 (n=30);  c) Plympton (lat: 44º30’15.40”N, 
long: 65º55’1.24”W), December 27th, 2016 (n=30) 
(Figure 1b). For morphometric reference, comparative 
herring data was obtained from the Fisheries and Oceans 
Canada (DFO) annual fish monitoring program, where 
schooling fish are caught and measured. The herring 
DFO data used was based on a length matched (16-24 
cm), regionally relevant trawl at the mouth of St Mary’s 
Bay, from February and March of 2016a. DFO otolith 
aging confirmed both these and the fish kill herring to be 
2 years old for 16 cm total body length and 3 years old 
for 24 cm total body length. This age range was             
re-affirmed in our fish kill herring otolith aging.  
 External observations took note of any obvious 
injuries or abnormalities. Morphometrics including body 
weight and total body length were recorded for each fish, 
which were then tagged and individually frozen on a flat 
surface until necropsy. Necropsies were conducted, and 
muscle and liver tissue were taken from a subset of fish 
kill herring (n=12) for heavy metal analysis by an        
accredited Animal Health Laboratory at the University 
of Guelph, using an Agilent 7900 Inductively Coupled 
Plasma Mass Spectrometer (ICPMS). Kidney samples 
were not harvestable due to organ deterioration. The  
various heavy metal tissue levels that can cause health 
issues in fish, with the exception of cadmium, are       
currently unknown. Therefore, the acceptable           
comparator used in most publications is the maximum 
allowable levels of heavy metals in fish for human    
consumption (Table 1). Specifically, those published for 
Canada were used, and when not available, EU standards 
were quoted (15,17). The food standard levels for      
cadmium are relevant as trout exposed to water without 
cadmium added had levels of cadmium in their livers 
matching those published guidelines (20). Values for 
essential metal comparisons were difficult to find and 
only the Food and Agricultural Organization of the  
United Nations (FAO) had limits for 3 of the essential 
metals, specifically copper, selenium, and zinc (16). The 
muscle and liver concentrations of metals in the fish kill 
herring were compared to these values. Just over 50% of 
the fish kill herring had spines (n=47) and bilateral    
otolith cavities (n=49) examined.  To examine the spines 
all extraneous tissue was removed both to eliminate any  
artifact secondary to rigor mortis and to ensure the     
vertebrae were clearly visible. The spine was suspended 
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Heavy Metal ML 
(µg/g wet 
weight)   

                           Non-essential   

Arsenic
i
 35 

Cadmium   0.05* 

Lead 0.3 

Mercury
ii
 0.5 

                            Essential   

Copper 30† 

Selenium 2† 

Zinc 40† 

Table 1: Food standards of maximum heavy metals levels (ML) in 
fish (Government of Canada, *EU Commission Regulation) and         
essential († Food and Agriculture Organization of the United      
Nations FAO). iTotal arsenic: inorganic=10%. iiTotal mercury.  

a  Groundfish Survey Data, Population Ecology Division (1970-2019), Saint      
Andrews Biological Station, Saint Andrews New Brunswick, Dartmouth Nova 
Scotia, Canada, 2019-09-30 

by the tail to ensure a clear dorsal view and any          
deviations from their midline were noted. A midline 
dorso-ventral photograph was taken for further analysis 
of the spine. To accurately assess the exact degree of 
curvature, projected lines and a protractor were used to 
calculate maximum angles of curvature (Figure 4a,b). To 
examine the otolith cavities, otic capsules containing 
otoliths were exposed and visually inspected for any  
abnormalities. The otoliths were collected and stored in 
glycerol for aging.  
 Statistical assessment was done using GraphPad 
Prism version 8.2.1. To examine the length-weight     
relationship for these fish, line plots of total body length 
(cm) vs weight (g) were created for fish kill herring    
versus reference herring and linear regressions              
(r2; slopes) calculated and compared. These regressions 
were used to compare the length-weight relationship of 
the herring between the two populations. In addition, the 
fish kill herring from the three different beaching       
locations were separately plotted and compared. 
 Heavy metal concentrations were compared        
between muscle and liver tissue using a paired t-test, and 
a p-value of <0.05 was used to assess significance.      
Tissue values were also compared to the published    
maximum allowable limits for fish as per various    
countries available food safety levels. 
 
Results 
Morphometrics: To assess whether beaching locations 
had any impact on the results, the morphometric data 
was first assessed based on the three different locations 
(Figure 2a). The length to weight regression correlations 
were strong (r2 = 0.81-0.85) with no statistical             
differences between them. Compared to Plympton, the 
4% flatter slope of Gilbert’s Cove and 10% flatter slope 
of Brighton were not significant. Weight/body length 
ratio comparisons also had no statistical significance 



 

 

(Figure 2b), though Gilbert’s Cove values were 6% and 
Brighton 19% below Plympton. Since in all               
comparisons, no statistically significant differences     
between the 3 stranding locations were identified, all 
locations were grouped for the rest of the analysis.   
 Total body length (cm) versus weight (g) plots of 
the reference group versus fish kill herring data were 
compared, with both showing strong positive              
correlations (Figure 3a). The regression correlation (r2) 
of the fish kill herring was 0.69 and the reference herring 
were 0.97. When slopes were compared, fish kill herring 
had a 62% reduced length to weight relationship. This 
resulted in the fish kill herring having lower body 
weights at any given length which was exacerbated in 
the 24 cm (approximately 1 year older) animals. This 
was further confirmed by the mean weight to body 
length ratio (Figure 3b) for all the stranded herring 
which was significantly lower by 51% compared to the 
reference herring.  
 

Necropsy Findings: External and internal examinations 
(of organs) revealed all fish kill herring had immature 
reproductive organs and no notable abnormalities. 
 Of the subset of fish kill herring examined for 
spine curves, 43 displayed straight spines while 4        
displayed spine curvatures with varying degrees of      
severity ranging from 12°- 30° (Figure 4). The spine 
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curves were located at the level of the cervical vertebrae, 
and the orientation of the curvature was lateral with no 
dorso-ventral component. Each herring exhibited only 
one curve, which returned to midline.   
 Bilateral otic capsule examination in 49 of the fish 
kill herring detected the presence of blood (identified as 
hematoma) inside the otic capsule surrounding the      
otolith as follows: a) 28 exhibiting bilateral bleeding, b) 
4 unilateral bleeding (Figure 5), and c) 17 no blood     
present. There was no damage to the otolith itself. The 
presence of the blood is clearly evident in figure 5a 
when comparing the right otic capsule (with bleed)     
versus the left otic capsule that contains clear fluid (no 
bleed). In summary, 65% of fish examined presented 
with evidence of a bleed in either one or both otic      
capsules.  

 
Heavy Metal Levels: Heavy metal analysis showed 
some were below the minimum detectable limits (MDL) 
of the assay (µg/g wet weight of tissue) in both muscle 
and liver tissue including: beryllium (MDL=0.003), tin 
(MDL=0.13), nickel (MDL=0.11), and antimony 
(MDL=0.006). Heavy metals that were below the MDL 
in only muscle samples were: cobalt (MDL=0.006), lead 
(MDL=0.005), molybdenum (MDL=0.006), and        
thallium (MDL=0.002).  

Figure 2a: Total body length plotted against weight for three 
beaching locations. Difference in slopes between three beaching 
locations not significantly different (p>0.05).  

Figure 2b: Mean weight to body length ratio for three stranding 
locations vs reference herring. Three stranding locations not       
significantly different (p>0.4) and each was significantly less that 
reference herring (****p<0.0001). 95% CI= 1.211-1.913.  



 

 

      a                                      b   
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Figure 3a: Total body length plotted against weight for fish kill 
herring (n=90) and reference herring (n=43). The slope of fish 
kill herring was significantly (p<0.0001) depressed. 

Figure 3b: Mean body weight to length ratio between stranded and 
control herring. Stranded herring ratios were significantly lower at 
p<0.0001, 95% CI= 1.211-1.913.  

Figure 4: Samples of cleaned spine from herring, midline 
dorso-ventral view: (a) Spine curve: 0°. (b) Spine curve: 
30°. Red lines depict angle of curvature.  

Figure 5: Otic capsules of a fish kill herring with unilateral bleed. 
Left (LT) normal, right (RT) blood filled. (a) In situ; (b) Otoliths 
contained within its’ membrane removed from skull.  
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  Muscle  Liver   Difference 
between  

muscle & 
liver 

Heavy Metal M SD Min-Max M SD Min-Max P value 

    
               Non-essential 

  

Arsenic 0.7 0.27       0.32-1.1 1.67 0.76        0.84-3.7 0.0037 

Cadmium 0.001 0.002    0.0-0.007 0.20 0.08       0.06-0.32 <0.0001 
  

Lead <MDL <MDL       <MDL 0.02 0.007       0.01-0.02     <0.0001 

Mercury 0.02 0.004      0.01-0.02 0.03 0.02       0.02-0.03  0.0303 
  

      
                     Essential 
  

Boron 1.44 0.78        0.44-2.50 1.54 0.59        0.83-2.6 0.3986 

Chromium 0.01 0.02         0.0-0.05 0.05 0.03        0.0-0.12  0.0153 

Cobalt <MDL      <MDL         <MDL 0.01 0.003       0.01-0.02     <0.0001 

Copper 0.54 0.07 0.44-0.73 2.05 0.77         1.2-3.7 <0.0001 

Iron 5.65 1.64 3.9-9.7 136.7 57.9          62-230 <0.0001 

Magnesium  567.5 176.7  370-890 549.1 157.9         370-930   0.7329 

Manganese 0.20 0.13  0.0-0.37 0.45 0.14         0.20-0.64   0.0003 

Molybdenum  <MDL     <MDL         <MDL 0.15 0.04        0.08-0.21     <0.0001 

Selenium 0.32 0.09  0.21-0.41   1.62 0.61         0.78-2.70 <0.0001 

Zinc 7.68 2.9 5.0-16.0 31.6 3.5           27-38  <0.0001 

Table 2: Heavy metal concentrations (µg/g wet weight) in muscle and liver tissue of fish kill herring (n=12) and the statistical  
difference (P value) between the muscle and liver levels.  



 

 

 When muscle and liver heavy metal levels were 
compared (Table 2), results showed that concentrations 
of all heavy metals were higher in the liver, except for 
magnesium. Non-essential heavy metal concentrations 
were compared to the maximum allowable limits as per 
food standards referenced in Table 1. In fish kill herring 
the following was noted: a) muscle levels of all          
non-essential heavy metals, despite being detected, were 
well below government food safety levels; b) liver,    
except for cadmium, the non-essential heavy metals 
(arsenic, lead and mercury), though detected, were also 
well below maximum allowable levels. However, liver 
cadmium concentrations were higher than the maximum 
allowable levels in all 12 fish kill herring assessed.    
Specifically, the mean cadmium concentration was 4 
times above maximum allowed, while the highest level 
of cadmium detected in the fish kill herring assessed was 
over 6 times the maximum allowed. This concentration 
of cadmium in fish tissues has been shown to cause harm 
in trout that were experimentally exposed to varying   
levels of cadmium (20). In reviewing government food 
standards published for some essential metals, all of the  
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fish kill herring values fall below their maximum       
allowable limits published for copper, selenium and 
zinc. These were the only essential metal limits        
available, therefore essential heavy metals were also 
compared to reported values in herring from the eastern 
Mediterranean Sea (14). Both magnesium and zinc were 
higher in fish kill herring. For example, the lowest    
magnesium levels in the fish kill herring were 66%   
higher in muscle and 37% higher in liver compared to 
maximum values from Mediterranean Sea herring, while 
zinc levels were 37% higher in muscle and 42% higher 

in liver.  
 Heavy metals that have been linked in the           
literature to spine curvatures include cadmium, copper 
and selenium (21,31).  Since selenium and copper levels 
were all within reported values of healthy fish, only   
cadmium was included in Table 3, which compares    
individual fish kill herring with straight versus curved 
spines. Despite similar levels in liver cadmium between 
the 2 groups, muscle levels of cadmium, when detected, 
were 50% higher in the curved spine herring (0.004 ug/g 
vs 0.007 ug/g).  

Table 3: Cadmium concentrations (µg/g wet weight) in muscle and liver of  all curved (n=4) and length matched 
sampling of uncurved fish kill herring (n=8). ATLHR= Atlantic herring.  

Fish ID Degree of 
Curvature 

               Cadmium 
       (µg/g wet weight) 

     Muscle   Liver 

                 Non-curved Spine (n=8)     

ATLHR20            0º  0.004   0.20 

ATLHR29            0º <MDL   0.21 

ATLHR30            0º  0.004   0.31 

ATLHR49            0º <MDL   0.22 

ATLHR55            0º <MDL   0.27 

ATLHR77            0º <MDL   0.21 

ATLHR75            0º <MDL   0.10 

ATLHR86            0º <MDL   0.27 

                   Curved Spine (n=4)     

ATLHR78           12 º <MDL   0.07 

ATLHR51           24º <MDL   0.32 

ATLHR74           25º  0.006   0.09 

ATLHR18           30º  0.007   0.20 



 

 

Discussion 
The differing slopes of the length to weight      

profiles between the sub-adult fish kill herring and the 
age and region-matched reference herring data indicate 
that overall this relationship was significantly depressed 
in the fish kill herring. This finding was exacerbated as 
fish length increased, indicating that in fish kill herring 
even one year older, weight suppression was even more 
obvious. Specifically, fish kill herring between the sizes 
of 20-24cm had the greatest reductions in weight, when 
compared to reference herring data, indicating smaller 
weights for age. It is well known that food source    
availability impacts on the weight and health of fish, 
and for herring in the North Atlantic ocean there is a 
key phytoplankton bloom between March and June, 
which dictates the main feeding season for herring (10). 
Uniquely, herring from the BOF and Gulf of Maine   
region have an advantage in that there is a unique      
second annual phytoplankton bloom that occurs          
between September and December (27). These blooms 
are accompanied by increases in krill, another food 
source for herring (2). Supporting this is the finding of 
increased biomass of sub-adult herring present in St. 
Mary’s Bay during this period in 2016, along with the 
rare presence of feeding humpback whales there in    
November and December (1). The reference herring  
data collected in March would have just begun feeding, 
while the November-December fish kill herring were 
well into the ideal feeding period of the second bloom. 
This should have resulted in larger weights for length in 
the fish kill animals when compared to reference        
herring, rather than the results of this study which were 
the opposite.  

 Herring become sexually mature around 4 years of 
age, however the fish kill standed herring were all      
between 2-3 years of age and therefore had not attained 
sexual maturity. This was confirmed by the lack of any 
roe in the necropsied fish and also ensures the weights 
are a true reflection of body condition. Also, despite the 
fact that many different spawning groups exist, it has 
been shown that there are no major genetic differences 
between them, most likely due to their large seasonal 
migratory patterns (23). This makes it valid to compare 
data from the reference group taken from DFO trawls at 
the mouth of St. Mary’s Bay to those from the fish kill. 
 Climate change has been linked to elevations in 
ocean water temperatures, which has been shown to 
negatively impact growth rates and size of fish through 
adulthood (6, 24). These studies have found that there is 
an optimal temperature range for juvenile fish growth, 
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and any changes in temperature, either increased or 
decreased, can reduce overall growth (19).                
Furthermore, it is believed that the warmer               
temperatures create higher metabolic demands in      
juvenile fish that cannot be met into adulthood,        
stunting their growth (24). Environmental changes 
have been recognised in the BOF and surrounding    
waters, specifically increasing water temperatures of 
approximately 1.6°C, from previous values of between 
5-8°C, providing a possible link to the overall           
decreased body weight of sub-adult herring in the area 
(3). Interestingly, DFO morphometric data comparing 
region matched similar aged sub-adult herring from 
2009 showed that even the reference herring from 
2016 had reduced weight for age but maintained the 
slope of the length-weight relationship. Whereas fish 
kill herring, in addition to smaller overall sizes, also 
exhibited a depressed slope of the length-weight      
profile, implying a greater reduction in weights for 
length with age.  
 Another major finding of this study was the   
presence of blood in the otic capsule (specifically in 
the sac surrounding the otolith) in 65% of the fish    
examined. In humans, blood present in the middle ear 
can be due to barotrauma, injury caused by drastic 
changes in water or air pressure. There are different 
grades of barotrauma, however blood present in the 
middle ear is associated with more severe cases (22). 
The presence of blood in the otic capsule has not been 
documented in fish, though other effects of barotrauma 
have. These include ruptured swim bladders and    
hemorrhages in the fins and eyes of the fish, none of 
which were identified in the fish kill herring (5). In  
addition, certain viral infections have also been shown 
to cause bleeding around the eyes and head, bulging 
eyes and irregular swimming behaviour (9). However, 
there were no other signs of bleeding in the fish and 
DFO laboratory results based on general culture 
screens in 10 fish collected confirmed that the fish kill 
herring showed no evidence of disease, including but 
not limited to bacterial (Yersinia ruckeri, Aeromonas 
salmonicida) and viral (IPNV, ISAV,IHNV,VHSV, 
NNV) culture screens, toxins or parasites (K. Smedbol 
& Pascal  Boudreau, Fisheries and Oceans Canada, 
Nova Scotia & New Brunswick respectively, Canada, 
personal communication, 2020). These conclusions 
were also supported by our necropsy findings, as no 
gross evidence of disease or presence of any parasites 
were found in the fish kill herring examined. Trauma 
during a live beaching could have contributed to the 
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 Heavy metals are classified into two separate 
categories: essential and non-essential. The essential 
metals previously reported to be elevated in the waters 
of the BOF include cobalt, copper, nickel, and zinc 
(33). Essential metals are naturally found in trace 
amounts throughout the body and are necessary for 
survival. In contrast, non-essential metals (arsenic, 
cadmium, mercury and lead) are contaminants and 
should not be found in any amount though, due to    
ongoing pollution, trace amounts have been observed 
in the tissues of fish.  Excess amounts of these         
non-essential metals have been shown to cause overall   
toxicity in fish, affecting a number of body systems 
(32, 28).  The maximum allowable levels in Table 1 
are used by the Canadian government, as well as the 
FAO and other international governing bodies for fish 
consumables. In the fish kill herring, liver levels of 
most of the heavy metals were significantly higher 
than muscle except for boron, chromium and          
magnesium. This can be explained as the liver is a   
major storage organ for contaminants, specifically the 
non-essential metals (4). In addition, liver function 
requires the use of iron, copper and a range of other 
minerals, and thus higher levels would be required for 
this organ. Interestingly, cadmium in liver samples of 
all 12 herring assessed were at least 18% higher than 
the maximum allowable levels. Arsenic, lead, and 
mercury, despite being below the maximum allowable 
levels, were still detected; indicating some exposure to 
these contaminants even in this sub-adult population. 
The increase in total muscle load of cadmium in the 
herring with curved spines (6 times higher) is         
noteworthy. Specifically, as cadmium is mainly stored 
in the liver and kidney, any amounts seen in muscle 
could mean that the storage organs are saturated with 
cadmium and this toxin is now in other organs such as 
muscle and could include spine, possibly exerting   
detrimental effects.  
 Previous literature has reported levels of          
essential metals in the muscle and liver tissue of      
similar sized herring (14). Compared to these, the fish 
kill herring displayed elevated levels of magnesium 
and zinc in the muscle and liver tissue. In fish, one 
study showed that when exposed to high levels of 
magnesium (4000 mg/L) in their water source for over 
96 hours, northern trout experienced reduced survival 
rates, however the tissue levels of magnesium were 
not reported (18). Magnesium levels have not been 
reported in the BOF, and is difficult to measure as 
transient increases may not be recognized. Another 
element found to be higher in the fish kill herring  

presence of blood in the otic capsule, however no       
external evidence of this was noted during examination 
and it is highly unlikely to be a post mortem change as 
there was organized clotting and gelatinous liquid      
present in the capsule. Finally, whether exacerbated 
pressure changes caused by feeding humpback whales 
creating large displacements of water in the smaller  
confines St. Mary’s Bay just prior to the fish kill could 
have contributed to the bleeding detected in the otic 
capsules, is unconfirmed (30).  
 The other notable finding of this study included 
the presence of spine curvatures, not visible externally, 
in some of the fish kill herring. They began near the 
base of the head and were only seen from a dorsal and 
not lateral view. This is a novel finding, as spine curves 
have not been reported in wild herring populations. In 
addition, these spine curves were atypical when        
compared to curves reported experimentally in other 
species such as zebrafish, in which the curvatures are 
visible externally (29). The exact mechanism causing 
the spine curvature is still unknown. However, in 
farmed fish and aquaculture laboratories, nutritional   
deficiencies, parasites, and experimental increases in 
water temperature to 16ºC for a short time during larval 
development have all been shown to induce externally 
visible spine curvatures (25). Whether the 1.6°C         
increase recorded in the BOF over a longer interval is 
enough to be responsible for the noted curves in the fish 
kill is as yet unknown. Experimental studies have made 
a possible link between spine curves in experimental 
fish and acute exposure to large concentrations of heavy 
metals, specifically cadmium (0.1 mg/L), copper        
(0.1 mg/L), and selenium (2.5 µM) (31, 21). Though 
reported as elevated, the actual concentrations of these 
elements in the BOF were not reported (33). In the fish 
kill herring, cadmium was above the maximum          
allowable levels in liver tissue, reaching as much as 
0.32 ug/g. Interestingly, trout experimentally exposed to          
0.009 mg/L of cadmium in water for 9 months resulted 
in liver cadmium levels (0.4 ug/g ± 0.1) close to the   
levels in fish kill herring. They reported a 10% mortality 
rate and an overall 60% percent reduction of calcium in 
the bones of these trout (20). Though spine deformities 
were not discussed in this study, there are implications 
for the possible development of spine curvatures with 
reduction in calcium as it essential in the development 
of bone density, rigidity and structure of the vertebrae. 
Whether longer term exposure to cadmium present in 
the BOF could result in similar reductions in calcium, 
contributing to the spine curvatures reported in this 
study, is unknown and requires further investigation.  
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compared to previously reported values is zinc. In one 
study, exposing Atlantic herring larvae to high levels of 
zinc (12 mg/L) in the water was shown to impair the 
growth of the herring, however again tissue levels were 
not reported. (26). Interestingly, zinc is one of the       
essential metals reported to be elevated in the BOF, but 
effects on fish at such levels are not currently known. 
 The unique results of this study are important, 
however they do not directly explain the cause of the 
fish kill. Whether the uncommon presence of humpback 
whales feeding in the confines of St. Mary’s Bay in the 
months preceding the fish kill event contributed to the 
eventual beaching of these smaller sub-adult fish with 
significantly depressed length-weight profiles cannot be 
confirmed.  

 
Conclusion 

In 2016, more than 3.8 million sub-adult herring 
(Clupea harengus) beached on the shores of St. Mary’s 
Bay Nova Scotia, Canada in a two month (November- 
December) period (Figure 6a,b). The biomass of this 
fish kill event was calculated to be at least 192 tonnes,     
approximately 1.64% of the total herring biomass in that 
bay at that time. These fish were sub-adult, and had   
reduced body condition compared to reference herring. 
Some exhibited spine abnormalities, had elevated levels 
of specific heavy metals (cadmium, magnesium, zinc), 
with significant numbers exhibiting otic (ear) capsule 
bleeds.  
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Figure 6a: Scene of beach with fish kill herring that 
washed up  along St Mary’s Bay, Nova Scotia, Canada. 
Photograph credit N. Askin. Reproduced with            
permission OERS.   

Figure 6b: Close-up of fish kill herring that washed up on beaches along St 
Mary’s Bay, Nova Scotia, Canada. Photograph credit N. Askin. Reproduced 
with  permission OERS.   


