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Abstract

The stomach contents of 68 Atlantic bluefin tuna (Thunnus thynnus) landed in Port Hood and Canso, 
Nova Scotia, in 2010, were analyzed to characterize the diet of bluefin tuna at the two locations. Of 
the sampled fish, 54 stomachs had contents. Pelagic schooling fish such as herring (Clupea harengus) 
and mackerel (Scomber scombrus) dominated the diets in both regions. However, a number of rare 
species, including demersal species, were also observed. Despite the difference in location and the 
significantly larger size of the Atlantic bluefin tuna landed in Port Hood, the diets of the Atlantic bluefin 
tuna landed at both sites were similar.
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Introduction

Atlantic bluefin tuna (Thunnus thynnus) are a top 
predator in neretic and pelagic ecosystems of the North 
Atlantic as well as a valuable catch for commercial and 
recreational fisheries. The species is widespread and in 
recent years it has been found in the Western Atlantic 
from Newfoundland and Labrador in the north to Gulf 
of Mexico in the south (ICCAT, 2011). Archival and 
satellite tag data indicate that Atlantic bluefin tuna from 
both western and eastern Atlantic populations migrate 
to Canadian waters (Block et al., 2005; Galuardi et al., 
2010; Lawson et al., 2010; Wilson et al., 2011) in order 
to take advantage of rich summer foraging grounds 
(Walli et al., 2009). Of the fish that travel to Canada, 
the majority are large, mature individuals weighing 
over 150 kg (Neilson et al., 2009). The Atlantic bluefin 
tuna’s capacity to warm muscle, viscera, and brain 
tissues, along with cardiac specializations (Landeira-
Fernandez et al., 2011), increases its performance as a 

predator in cool temperatures (Carey and Teal, 1969; 
Graham and Dickson, 2004) and may have evolved to 
facilitate niche expansion into cooler northern waters 
(Block et al., 1993).

Diet studies provide insight into the food preferences 
of the Atlantic bluefin tuna. Stomach content analyses 
(SCA) performed on catches in the Mid Atlantic Bight 
(Eggleston and Bochenek, 1990; Butler et al., 2010; 
Logan et al., 2011), the Gulf of Maine (Chase, 2002), 
and Newfoundland (Butler, 1971) indicate that Atlantic 
bluefin tuna feed preferentially on pelagic schooling 
fish and opportunistically on other species. Similar diet 
content data are not yet available for waters off Nova 
Scotia and Prince Edward Island. In this study, the 
stomach contents of Atlantic bluefin tuna caught by the 
Canadian commercial fishery in the Gulf of St. Lawrence 
(GSL) and landed in Port Hood and caught on the Scotian 
Shelf and landed in Canso were analysed in order to 
quantify diet composition in these key foraging regions. 
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Methods

Atlantic bluefin tuna stomachs were collected from the 
2010 commercial rod and reel fishery. The samples from 
the GSL were collected in Port Hood (Fig. 1), Nova Scotia, 
between 27 September, 2010 and 5 October, 2010. The 
samples from the eastern Scotian Shelf were collected in 
Canso (Fig. 1), Nova Scotia, between 15 September, 2010 
and 20 November, 2010. Port staff recorded the date and 
time of capture, geographic coordinates of the capture 
location, type of bait, curved fork length (CFL), weight of 
the entire fish (RW), weight after gutting the fish (DW), and 
sex. A least squares linear regression was created using the 
24 pairs of DW and RW data collected in this study (RW 
= (1.2374*DW) + 7.0754; r2 = 0.98) and used to calculate 
the RW of sampled fish for which DW was available but 
RW was not. Weight and CFL were compared using the 
one-tailed Mann-Whitney test. Stomachs were removed 
from the fish at sea in Canso and once they reached the 
ice house in Port Hood. The samples were frozen and 
analyzed at a later date.

Stomach contents were thawed and rinsed with fresh 
water. Prey items were identified to the lowest possible 
taxon and were weighed together and separately to the 
nearest 0.1g. A prey that could not be identified was 
recorded as unidentified. Bait items were identified 

by their cut marks and these were not included in the 
quantitative analysis. For each sampling port, stomach 
contents were described by prey-specific percent weight 
(%W), which was calculated as the total weight of each 
taxon divided by the total weight of all stomach contents. 
Stomach contents were also described as prey-specific 
frequency of occurrence (%O) for each port, which was 
calculated as the number of stomachs in which a taxon 
occurred divided by the total number of stomachs with 
contents. Only stomachs containing prey were included in 
the analyses. The diets at both locations were compared 
using principal components analysis (PCA) on the 
normalized %O data as proposed by De Crespin de Billy 
et al. (2000) using R (version 2.11.1, The R Foundation for 
Statistical Computing). Prey %O was plotted against prey-
specific %W (Pi) to examine prey dominance, individual 
and population-wide niche widths, and feeding strategies 
at both locations, as described by Amundsen et al. (1996).

Prey species were grouped by family and cumulative prey 
curves (CPCs) were created a posteriori to determine 
whether the sample sizes were sufficiently large to be used 
to describe prey abundance in both port locations. The 
CPCs were built by randomly resampling the stomachs 
1000 times (Bizzarro et al., 2007) and plotting the mean 
cumulative number of identified taxa against the number 
of stomachs sampled (Ferry and Cailliet, 1996). CPCs 
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Fig. 1.  Reported Atlantic bluefin tuna capture locations (n = 43) and sampling locations (black 
circles). Capture locations were not reported for 14 samples collected in Canso and 9 samples 
collected in Port Hood.
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were created using Matlab (Student version 2010a,  The 
MathWorks, Inc., Natick, MA). The Student’s t-test 
was used to determine if the slope of the least-squares 
linear regression of the final four stomachs sampled 
was significantly different from zero. If the slope was 
not significantly different from zero sample size was 
considered adequate.

Results

A total of 68 stomachs were collected from the commercial 
fishery; 33 were collected in Canso and 35 in Port Hood. 
All fish for which geographic coordinates were provided 
were caught within approximately 68 km of the sampling 
port locations (Fig. 1). In Port Hood, 25 of the stomachs 
were collected from an underwater feature called “The 
Ridge” (Fig. 1). The mean (± 1s.d.) CFL of all fish collected 
from Port Hood was 265 ± 22 cm (n = 35) with a mean 
RW of 340 ± 68 kg (n = 35).  The mean RW for Port Hood 
includes two sample weights estimated from DW using 
the regression generated from this study’s data. The mean 
CFL of fish sampled in Canso was 144 ± 37 cm (n = 23) 
and the mean RW was 170 ± 87 kg (n = 31), including 17 
values estimated from DW. Most fish greater than 250 kg 
RW were sampled in Port Hood, whereas most fish less than 
250 kg were sampled in Canso (Fig. 2). Both RW and CFL 
differed significantly between sites (α = 0.05; p < 0.001).
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Fig. 2.  The frequency of round weights (RW) of Atlantic bluefin tuna (Thunnus thynnus), in kilograms, sampled in Port Hood 
(n = 35) and Canso (n = 31), Nova Scotia, during Autumn, 2010. The data includes two values for Port Hood and 17 values 
for Canso estimated from dressed weight (DW) using the regression generated from this study’s data (RW = (1.2374*DW) 
+ 7.0754; r2 = 0.98).

Thirty-one (94%) of the stomachs from Canso and 23 
(66%) of the stomachs from Port Hood had contents.  
There were significantly more empty stomachs collected 
in Port Hood than in Canso (χ2, p = 0.01). A total of 1564 
prey items were found; 707 from Canso and 857 from 
Port Hood. The prey items identified included eleven 
families of teleosts, consisting of at least twelve species; 
four families of crustaceans, consisting of at least five 
species, all of which were found only in Canso samples; 
two species of bivalve (Mytilus edulis and Tellinidae 
sp.); cephalopods (likely Illex illecebrosus and/or Loligo 
pealeii); brown algae (Phaeophyceae sp.); and one starfish 
(Leptasterias tenera) (Table 1). Teleosts dominated the 
stomach contents in both sampling locations. In the 
stomachs sampled from Canso, unidentified teleosts 
occurred most frequently (Fig. 3) and constituted the 
greatest proportion of prey weight (Fig. 4). The second 
most important prey item in Canso, both by %O and %W, 
was herring (Clupea harengus), followed by mackerel 
(Scomber scombrus). Of the stomachs sampled at Port 
Hood, herring was the most important both by %O (Fig. 3) 
and %W (Fig. 4), followed by unidentified teleosts and 
mackerel. Unidentified squid occurred in 19% of all 
stomachs combined, but because their remains consisted 
exclusively of beaks and pens, their contribution to %W 
was negligible. Gadid otoliths were moderately frequent 
in the samples from Canso, but contributed little to %W. 
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   Port Hood (n = 23)*   Canso (n = 31)   Combined (n = 54)

Family Species N % O % W N % O % W N % O % W

Teleostei
Unidentified 43 39.2 25.6 409 67.7 44.1 452 57.4 0.4

Clupeidae Clupea harengus 46 65.2 39.7  63 48.4 39.7 109 55.6 0.5

Scombridae Scomber scombrus 13 21.7 12.1 60 38.7 13.2 73 31.5 0.1

Merlucciidae Merluccius bilinearis 16 6.5 0.1 16 3.7 <0.1  

Scomberesocidae Scomberesox saurus 3 4.3 <0.1 3 1.9 <0.1  

Cottidae Myoxocephalus 
octodecemspinosis 1 4.3 1.6 1 1.9 <0.1  

Sebastidae Sebastes spp. 11 6.5 <0.1  11 3.7 <0.1  

Gadidae Gadus morhua 5 16.1 <0.1 5 9.3 <0.1  

Gadidae Melanogrammus 
aeglefinus 2 3.2 <0.1 2 1.9 <0.1  

Ammodytidae Ammodytes spp. 1 3.2 0.1 1 1.9 <0.1  

Osmeridae Mallotus villosus 1 3.2 <0.1 1 1.9 <0.1  

Balistidae Balistidae spp. 1 3.2 0.2 1 1.9 <0.1  

Labridae Tautogolabrus 
adspersus 1 4.3 1.4 1 1.9 <0.1  

Crustacea

Pandalidae Pandalus borealis 53 16.1 2.3 53 9.3 <0.1  

Euphausiidae **Euphausiidae spp. 32 3.2 <0.1 32 1.9 <0.1  

Hyperiidae †Hyperiidae  spp. 6 3.2 <0.1 6 1.9 <0.1  

Unidentified 
crustacean 3 9.7 <0.1 3 5.6 <0.1  

Mollusca

Mytilidae Mytilus edulis 735 4.3 2.6 735 1.9 <0.1  

Tellinidae Tellinidae spp. 1 3.2 <0.1 1 1.9 <0.1  

Unidentified squid 10 21.7 <0.1 42 16.1 <0.1 10 18.5 <0.1  

Asteroidea

Asteroidea Leptasterias tenera 1 4.3 0.3 1 1.9 <0.1  

Phaeophyceae

Phaeophyceae Unidentified algae 4 17.4 0.2 1 3.2 <0.1 4 9.3 <0.1  

*1 bird feather and 2 occurrences of anthropogenic debris - a piece of a plastic bag and pieces of a plastic fish basket, one of which 
was lodged in the stomach wall, were also found in samples from Port Hood.

**3 individuals were identified as the species Meganyctiphanes norvegica

†1 individual was identified as the species Themisto libellula

Table 1. Number observed, frequency of occurrence, and percent weight of prey taxa found in Atlantic bluefin tuna (Thunnus 
thynnus) stomachs collected in Port Hood and Canso.
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Northern shrimp (Pandalus borealis) also appeared with 
regularity in the Canso samples, but contributed little to 
prey biomass. Crustaceans were absent from the samples 
collected in Port Hood. Notably, the hyperiid amphipod 
species Themisto libellula and a fish from the family 
Balistidae were also identified in samples from Canso. 

In the combined data from both sampling sites, unidentified 
teleosts occurred 29% more frequently (Fig. 3) and their 
%W was 16% greater (Fig. 4) in the stomachs of small 
tuna (<220 kg RW, n = 26) than large tuna (>220 kg 
RW, n = 27). Conversely, herring occurred 13% more 
frequently (Fig. 3) and their %W was 26% greater (Fig. 4) 
in large tunas than in small tunas. 

The CPC for Canso reached an asymptote (p = 0.05, 
n = 31) (Fig. 5). Neither the CPC for Port Hood nor for the 
combined data reached an asymptote (Port Hood: p = 0.02, 
n = 23; combined samples for both ports: p = 0.01, n = 54).

In the plot of frequency of occurrence against Pi (Fig. 6), 
the data points are distributed in a line from the bottom 
left to the top right of the plot. The points for herring (Cl), 
mackerel (Sc), and unidentified teleosts (UF) are clustered 
in the top right, whereas most other species cluster to the 
bottom left. Both trends are more pronounced in Canso. 
The distribution of the points in the plot indicates that the 

Atlantic bluefin tuna in both sites have dominant prey, 
herring and mackerel, but also demonstrate generalized 
feeding on a number of rare species.

The first three principal components were plotted 
and explained 39%, 19%, and 15% of the variance, 
respectively (Fig. 7). The observations from each sampling 
location did not cluster noticeably along any of the axes. 
Seven species appeared only in the samples from Port 
Hood and twelve occurred only in the samples from Canso 
but these occurrences were rare (Fig. 4, Table 1).

Discussion

The results above are consistent with the findings of other 
feeding studies on Atlantic bluefin tuna diet in the North 
Atlantic (Dragovich, 1970; Butler, 1971; Eggleston and 
Bochenek, 1990; Chase, 2002; Butler et al., 2010) which 
characterize Atlantic bluefin tuna as opportunistic, non-
specialized predators that feed primarily on schooling 
teleosts. The presence of demersal prey species in the 
stomach contents indicates that Atlantic bluefin tuna are 
foraging not only on pelagic prey above the thermocline, 
but also on bottom dwelling species. The feeding on 
demersal species occurred in the GSL despite strong 
thermal stratification which would often expose the 
Atlantic bluefin tuna to extremely cold temperatures.
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Fig. 3.  Percent frequency of occurrence of prey items in Atlantic bluefin tuna (Thunnus thynnus) stomachs grouped by sample 
port, Port Hood (n = 23) and Canso (n = 31), and by size, <220 kg round weight (RW) (n = 26) and >220 kg (n = 27). 
Samples were collected during Autumn, 2010. The weight classes include 19 values estimated from dressed weight (DW) 
using the regression generated from this study’s data (RW = (1.2374*DW) + 7.0754; r2 = 0.98).
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Fig. 4.  Percent weight of Atlantic bluefin tuna prey items in Atlantic bluefin tuna (Thunnus thynnus)  stomachs grouped by sample 
port, Port Hood (n = 23) and Canso (n = 31), and by size, <220 kg round weight (n = 26) and >220 kg (n = 27). Samples 
were collected during Autumn, 2010. The weight classes include 19 values estimated from dressed weight (DW) using the 
regression generated from this study’s data (RW = (1.2374*DW) + 7.0754; r2 = 0.98).

Given the slopes of the last three values of the CPCs for 
Canso and Port Hood, one can assume that the sample size 
was adequate to describe the diet of those fish caught in 
Canso, but too small to fully describe the diet of Atlantic 
bluefin tuna in the region Port Hood or for the combined 
data (Fig.5). Nevertheless, the two datasets represent the 
only data for these two regions and may reasonably be 
used for an initial description of Atlantic bluefin tuna diet 
in these places.

The overall distribution of the data points on the plot 
of frequency of occurrence against Pi (Fig. 6) from the 
bottom left to the top right indicates that Atlantic bluefin 
tuna at both sites display varying degrees of specialization 
in feeding strategies between individuals, but that few 
are either extreme specialists or generalists. This plot is 
useful for displaying the relationship between occurrence 
and amount. Without data on the relative abundance of 
prey species in the sampling locations it is not possible to 
determine whether diet composition is a reflection of prey 
species availability, feeding strategy, or a combination 
of the two. A comparison between prey abundance and 
Atlantic bluefin tuna diet composition at the capture sites 
is recommended for future investigation.

In the PCA (Fig. 7) the absence of clustering along any of 
the axes indicates that the main constituents of the diets 

of the fish at both locations were similar. Larger sample 
sizes would have a better representation of the frequency 
of occurrence of these rare species and would produce a 
more reliable PCA.

Stomach content analysis yields a detailed description of a 
population’s diet at a point in time (Hyslop, 1980) and may 
also reflect local prey species community composition 
and abundance (Overholtz et al., 2000; Chase, 2002; 
Link and Garrison, 2002). Yet, despite its convenience in 
quantifying diet, there are a number of biases inherent to 
SCA. The rapid digestion rate by Atlantic bluefin tuna as 
a result of the warming of visceral tissues (Carey et al., 
1984); differential rates of digestion among food items 
(Hyslop, 1980; Olson and Boggs, 1986; Chase, 2002); 
and proneness to regurgitation during capture (Rooker 
et al., 2007) are all problems that likely played a role in 
biasing the results. Further, as stomachs were collected by 
commercial fishers, temporal fishing patterns (choosing 
to fish at dawn versus dusk), fishing quotas, the use of 
preferred fishing grounds, and capture methods introduce 
sampling bias (Hyslop, 1980). 

The causes of the different proportions of empty stomachs 
at both sampling sites are unclear. Variability in the 
availability of prey at the time of capture at the fishing 
sights is unknown and may have affected the proportions 
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of empty stomachs. Different capture methods at each 
sample site may also have contributed to the occurrence 
of empty stomachs. Some fishermen that land their 
catch at Port Hood are known to pump water into the 
stomach in an attempt to cool the fish more quickly and 
may have inadvertently flushed out the contents. There 
is also anecdotal evidence that fish with a longer fight 
time may be more likely to regurgitate during that time 
(D. Cameron, Ceilidh Fishermen’s Co-op, 158 Main 
St., Port Hood, Nova Scotia, B0E 2W0, pers. comm.); 
however, the authors observed few distended stomachs, 
which suggests that regurgitation was rare. Although the 
number of empty stomachs is significantly larger in Port 
Hood, the sample size is relatively small, as indicated by 
the CPC analyses, and this difference may simply have 
been a random occurrence.

The extent to which the findings of this study represent 
the diet of Atlantic bluefin tuna in these regions may also 
be limited because sampling was only performed in the 
Autumn season of one year. Atlantic bluefin tuna diets can 
vary greatly between years (Chase, 2002; Overholtz, 2006) 
and seasons (Butler, 1971). Temperature characteristics in 
the GSL are known to vary between years and may cause 
changes in prey availability and Atlantic bluefin tuna 
distribution (Vanderlaan et al., 2011). Prey availability 
also varies throughout the year, as is well documented 
in the GSL.  Mackerel arrive in the GSL in late May and 
early June (Sette, 1950; D’Amours and Castonguay, 1992) 
and remain until October (McKay, 1979), whereas herring 
congregate to spawn in the spring, before the Atlantic 
bluefin tuna have arrived, and in the Autumn from August 
to the end of September (Messieh, 1987). The presence 
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of gravid herring in the samples from Port Hood confirms 
that the Atlantic bluefin tuna in the GSL were feeding on 
the aggregations of Autumn spawners during sampling. 
It is likely that the Atlantic bluefin tuna arrive in the GSL 
in late June and July (Wilson et al., 2011) to feed on 
mackerel and switch to the more plentiful herring later in 
the summer. For this reason, sampling late in the season 
may also bias the stomach content results.

The presence of the remains of a balistid in one stomach 
is surprising, as these are warn-water species. Fish from 
the family Balistidae and the related Monacanthidae have 
been reported occasionally in the waters off of Nova Scotia 
(Scott and Scott, 1988). These occurrences are likely 
associated with the approach of warm water masses from 
the Gulf Stream. Sea-surface temperature satellite images 
indicate that neither the Gulf Stream nor warm-core rings 
were within 200 km of Canso during the month prior to 
the capture of the tuna, making the presence of balistids 
and monacanthids unlikely. It is possible that the tuna 
had consumed this fish while in the Gulf Stream and the 
large bones may have resisted digestion and/or expulsion 
and remained in the stomach as the tuna traveled north. 
The bones were large and worn, lending credence to the 
later explanation.  

There appear to be differences in diet between the Atlantic 
bluefin tuna sampled at each location, although these 
differences were not statistically significant. The factors 
contributing to these variations are difficult to determine 
as Atlantic bluefin tuna size and location are closely 
correlated in the data. The differences in diet between 
sampling locations are primarily the occurrences of rare 
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Fig. 6.  The relationship between frequency of occurrence 
and prey species-specific percent weight for the 
diets of Atlantic bluefin tuna sampled in Port 
Hood (n = 23) and Canso (n = 31), Nova Scotia. 
Overlapping prey data were represented by symbols. 
The black square represents Scomberesocidae and 
Asteroidea in Port Hood and Balistidae in Canso; 
the white circle represents Hyperiidae, Osmeridae, 
Ammodytidae, euphausiidae, Tellinidae, and algae 
in Canso; the black triangle represents Merlucciidae 
and Sebastidae in Canso; the x represents algae in 
Port Hood and Pandalidae in Canso; and the white 
diamond represents unidentified squid in Port Hood 
and Gadidae in Canso. 

prey. The majority of the Atlantic bluefin tuna caught in 
the GSL were larger than those caught in Canso, with 
few exceptions (Fig. 2), making it difficult to determine 
how location and predator size each affect diet. Previous 
studies provide mixed results as to the relationship 
between Atlantic bluefin tuna size, prey size, and prey 
composition, but most authors agree that the relationship is 
weak (Dragovich, 1970; Young et al., 1997; Chase, 2002; 
Butler et al., 2010). Given the results of these previous 
studies, it is likely that capture location had a greater effect 
on diet then the predator size. Catch data (Neilson et al., 
2009) also indicates that larger Atlantic bluefin tuna are 
foraging in the GSL versus the Scotian Shelf, which raises 
the question as to why primarily large Atlantic bluefin tuna 
are found in these waters. It may be that the migration 
patterns of large individuals are different from smaller 

individuals and that these large tuna are likely undertaking 
the migration from the Scotian Shelf to the GSL in order 
to take advantage of better foraging opportunities. 

The results of this study of Atlantic bluefin tuna diet in 
the GSL and the Scotian Shelf are consistent with other 
feeding studies in the North Atlantic, which indicate 
that these fish feed primarily on schooling fish of lower 
trophic levels and opportunistically on other species. 
Although the Atlantic bluefin tuna landed in Port Hood 
were significantly larger than those landed in Canso, the 
diets at both sites were similar. It would be of interest to 
determine whether densities of prey and/or the nutritional 
qualities of prey, such as fat content, are greater in the 
GSL. Additional sampling years and larger sample sizes 
are recommended to produce more reliable descriptions 
of Atlantic bluefin tuna feeding ecology in the sampling 
areas.
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