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Executive Summary 

Background 
Science–Metrix was mandated by Fisheries and Oceans Canada (DFO) to produce a bibliometric 
analysis of the fish population research conducted within DFO and in Canada over the last 12 years 
(1998–2009). This analysis examines two sets of publications on fish population science: peer-
reviewed papers indexed in the Scopus database and internal reports and publications produced by 
DFO (i.e., those indexed in the Canadian Science Advisory Secretariat Publications database). 

The main goals of this bibliometric study were to: 

1) compare the Canadian scientific output related to fish population science with that of other 
leading countries; 

2) examine the contribution of DFO to fish population science within the Canadian and 
international contexts; and 

3) analyze the changes in DFO’s scientific output related to fish population science in the last 12 
years. 

To benchmark Canada and DFO’s scientific output in fish population science research against that 
of other leading countries, several bibliometric indicators were used, such as the number of papers; 
growth index (GI); papers per million inhabitants; specialization index (SI); and average of relative 
citations (ARC), an indicator of scientific impact. Moreover, the historical trends in DFO’s scientific 
output were examined, including both peer-reviewed and internal publications, for eight topics: 
Aquatic Invertebrates, Climate Change, Conservation & Population Biology, Fishing Gear & Fisheries Impact, 
Habitat & Community Ecology, Stock Assessment, Sustainable Fisheries Management, and Trophic Ecology. 
Trends in the use of selected keywords and findings that relate to changes in the “complexity” of 
DFO research (i.e., the combination of multiple topics or species) were also examined, as were trends 
in the main species examined in DFO publications. 

The study finds that Canada performs strongly in the research area of fish population science, based 
on its output, specialization and scientific impact compared to those of other leading countries in 
the area. Based on the same indicators, DFO is a key player in fish population science within Canada, 
and also demonstrates strong levels of national and international collaboration. As a whole, the 
historical trends suggest certain shifts in DFO’s output in fish population science, both in terms of 
the type of publications produced (e.g., fewer internal documents and more peer-reviewed papers) 
and the topics and species that are examined. In particular, DFO’S fish population research appears 
to focus less prominently on stock assessments and may be increasingly adopting an ecologically 
based perspective. Some findings also suggest that DFO’s research is becoming more “complex”, as 
indicated by the greater number of topics covered by each publication, but further work would be 
determined to better characterize this shift. 

Below is a brief description of the main findings pertaining to each of the report’s main areas of 
focus, which support the report’s conclusions. 
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Key Findings – Canada in the international context 
 Canada produced nearly 5,000 papers in fish population science between 1998 and 2009 

(representing 12.5% of the world output) and is ranked second in the world, behind the U.S., in 
production. 

 Among the top 10 producers in this area, China and Australia have experienced the largest 
increases in output, whereas Canada’s output in this research area has been growing at a 
relatively modest rate (although keeping pace with the world output). 

 Canada is specialized in fish population research (ranked fifth among leading countries based on 
this indicator), produces a high number of papers per capita (ranked 3rd) in this area, and its fish 
population papers are highly cited (ranked 6th). Norway, Denmark and Australia also stand out 
for their combined high specialization and impact (citation) scores.  

 Other less-established countries are also demonstrating strong growth in their output in this 
area, particularly China, Brazil, the Republic of Korea, and Chile, although the scientific impact 
of their research remains below the world level. 

Key Findings – DFO in the national and international contexts 
 DFO is a key player in research on fish populations in Canada, producing approximately 1,600 

papers in this area in the last 12 years—which represents almost a third of Canada’s output—
although this share has been dropping over the period. DFO remains highly specialized in this 
area, and its related papers are cited 20% more than the world average. 

 Among leading Canadian institutions in fish population science, DFO had by far the greatest 
output during the 1998–2009 period, followed by the University of British Columbia (620 
papers). Three other universities located near Canada’s coasts are among the top producers in 
this area: Dalhousie University (460 papers), the Memorial University of Newfoundland (420 
papers), and Simon Fraser University (290 papers). 

 DFO is the world institution with the second-largest output in fish population science, after the 
U.S. National Oceanic and Atmospheric Administration (NOAA; about 2,500 papers). 

 DFO clearly plays a central role in the fish population research collaboration network, especially 
among national institutions, but also among international institutions. The international 
network contains four main clusters (centered on Japan, the U.S., Canada and Europe), and DFO 
has multiple links to both the U.S. and European clusters. 

Key Findings – Historical trends in DFO’s scientific output 
 This section examined both DFO’s internal documents (e.g., research documents, Science 

Advisory Reports, etc.) and DFO’s peer-reviewed papers indexed in Scopus. In fish population 
science, a total of 2,300 internal documents and 1,500 peer-reviewed papers were produced 
during the 1998–2008 period.  

 During the study period, there was a decrease in the number of internal documents and an 
increase in the peer-reviewed papers in fish population research. This suggests a shift in DFO’s 
output in fish population science from internal publications to peer-reviewed documents. Also, 
the share of DFO’s total scientific output (internal and peer-reviewed publications) that was 
classified as fish population research dropped from 60% to 50%. 

 Eight topics within fish population research were identified using co-word analysis. Compared 
to peer-reviewed papers, a greater proportion of internal documents were related to Stock 
Assessments and Fishing Gear & Fisheries Impact, whereas the reverse is observed for  Trophic 
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Ecology, Conservation & Population Biology, Habitat & Community Ecology, and Climate 
Change. 

 Trends across topics when looking at both internal documents and peer-reviewed papers in fish 
population science suggest a shift in DFO’s output from publications focusing on stock 
assessments to publications presenting a more ecologically based perspective (e.g., at the level of 
the habitat/community).  

 Analysis using selected keywords confirms the above finding (e.g., fish population research 
increasingly considers interactions with phytoplankton or zooplankton, lessening its focus on 
subjects relating to stock assessment) and clearly indicates the emergence of research relating to 
species at risk after 2003 (i.e., after the passage of the Species at Risk Act), particularly among 
internal documents. 

 “Complexity” trends were first assessed by looking at the number of topics covered by each 
paper. DFO is keeping up with the world trend towards covering a gradually increasing number 
of topics per peer-reviewed paper, from about 2.0 in 1998 to 2.4 in 2008. The number of topics 
covered in DFO’s internal documents followed a similar trend until 2006, after which it 
demonstrated a marked increase, up to 2.9 topics per document. 

 The number of species per paper was also assessed as a proxy for “complexity”; no changes were 
observed based on this indicator over the period.  

 Many changes over this period can be seen in the main species examined in DFO’s publications, 
in both internal documents and peer-reviewed papers. The main species studied by DFO are 
Atlantic cod and Atlantic salmon. Species featured in a growing share of DFO’s internal 
documents include Greenland halibut and Atlantic mackerel, whereas many salmonid species 
have been increasingly studied in DFO’s peer-reviewed papers.  

 Some findings also suggest that DFO includes a wider range of species in its fish population 
research (i.e., greater numbers of different species, and not limited to species of 
commercial/international interest), although further work would be required to better explain 
these findings. 
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1 Introduction 

Fisheries and Oceans Canada (DFO) conducts research in a number of areas relating to its mandate, 
including fish population science. Efforts are currently underway to better understand and evaluate 
DFO’s contribution to this research area, including possible shifts and trends in its output that have 
occurred over the last 12 years. In this context, DFO mandated Science-Metrix to produce a 
bibliometric profile of research on fish populations within DFO and in Canada over the 1998–2009 
period. 

The main goals of this study are to: 

1) compare the Canadian scientific output related to fish population science with that of other 
leading countries; 

2) examine the contribution of DFO to fish population science within the Canadian and 
international contexts; and 

3) analyze the changes in DFO’s scientific output related to fish population science in the last 
12 years. 

To benchmark Canada and DFO’s scientific output in fish population science research against that 
of other leading countries, the following indicators were used (see Methods in Appendix A for 
details): 

 number of papers; 

 growth index (GI); 

 papers per million inhabitants; 

 specialization index (SI); and 

 average of relative citations (ARC). 

Using these bibliometric indicators, Science-Metrix first examined the Canadian output in fish 
population research in Scopus and compared it against that of the world and leading countries in 
this research area (Section 2). This analysis will help DFO to assess the contribution made by Canada 
to world science in this research area. Secondly, all of DFO’s papers in fish population science were 
examined to assess its contributions in this research area, both nationally and internationally, and 
from a collaboration perspective (Section 3). 

To address the third goal of the study, DFO’s internal documents and peer-reviewed papers were 
examined in detail across the 1998–2008 period (Section 4). This analysis presented trends on eight 
subtopics: Aquatic Invertebrates, Climate Change, Conservation & Population Biology, Fishing Gear & 
Fisheries Impact, Habitat & Community Ecology, Stock Assessment, Sustainable Fisheries Management, and 
Trophic Ecology. Moreover, trends in the use of selected keywords and in the combination of multiple 
topics or species were also assessed. 
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2 Canada in the international context 

This section will first provide a general overview of trends in the scientific production in fish 
population science at the world level (Section 2.1), followed by a discussion of Canada’s performance 
in the international context based on publication output (Section 2.1), specialization, and scientific 
impact (Section 2.3). 

2.1 World trends 

From 1998 to 2008, the number of papers in fish population science has grown steadily, from about 
2,600 papers per year to nearly 4,400 (Figure 1). However, the share that these papers represent in the 
entire Scopus database has remained relatively stable, especially in the last five years. Thus, it appears 
that the increase in the number of papers in this research area simply reflects the increase in the 
number of all scientific papers (as represented by the number of papers indexed in Scopus). In other 
words, the output in fish population science at the world level is keeping pace with the growth in the 
output in science as a whole. 
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Figure 1 World publication trends in fish population science, 1998–2008 
Note:  Data for 2009 are not presented in this figure because papers for this year have not yet been 

completely indexed in Scopus. 
Source: Calculated by Science-Metrix using Scopus data 
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2.2 Scientific output 

About 39,500 papers in fish population science were published at the world level over the 1998–2009 
period. Table I presents the rankings of the 25 countries that published the most papers in fish 
population science, based on their number of papers. All of these countries contributed to at least 
0.7% of the world share of papers in fish population research. Note that papers produced through 
international collaboration are counted as one full paper for each country; the number of papers 
presented in this table therefore represents the contribution of the country. As a result of this counting 
method, the sum of the papers for each country may equal more than the world total. 

Table I Number of papers, share of world papers, and growth index (GI) of leading 
countries in fish population science, 1998–2009 

Country Papers Share Rank GI Rank

United States 14,704 37.2% 1 1.31 15
Canada 4,926 12.5% 2 1.31 16
United Kingdom 3,380 8.6% 3 1.26 20
Australia 2,310 5.9% 4 1.72 8
Japan 2,191 5.6% 5 1.26 21
France 2,035 5.2% 6 1.43 12
Norway 1,998 5.1% 7 1.25 22
Spain 1,479 3.7% 8 1.61 10
Germany 1,358 3.4% 9 1.40 13
China 1,176 3.0% 10 2.87 1
Russia 951 2.4% 11 1.16 24
Brazil 845 2.1% 12 2.64 2
Italy 844 2.1% 13 1.71 9
Denmark 796 2.0% 14 1.49 11
Sweden 792 2.0% 15 1.22 23
New Zealand 717 1.8% 16 1.15 25
Mexico 695 1.8% 17 1.29 18
Netherlands 642 1.6% 18 1.27 19
South Africa 633 1.6% 19 1.31 14
Portugal 599 1.5% 20 1.97 5
Finland 589 1.5% 21 1.30 17
Chile 397 1.0% 22 2.20 4
India 332 0.8% 23 1.89 6
Greece 306 0.8% 24 1.89 7
Rep. of Korea 263 0.7% 25 2.25 3

WORLD 39,477 100.0% 1.31
 

Note:  GI rankings are applicable only among this group of 25 leading countries. 
Source: Calculated by Science-Metrix using Scopus data 
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The U.S. contributed the largest number of papers in fish population science—about 14,700 papers, 
representing 37.2% of the world share (Table I). In second place, Canada contributed to nearly 5,000 
papers, or 12.5% of the world share. The U.K., Australia, Japan, France, Norway, Spain, Germany and 
China round out the top 10 countries, each contributing at least 1,000 papers, or 3% of the world 
share. The share of world papers produced by most of the top 10 countries has been fairly stable (i.e., 
within about 1 percentage point) between 1998 and 2009, with the exception of Australia and China, 
which increased their shares by about 2 percentage points each (data not shown). 

Given the growth in their shares of world papers, it is not surprising that China and Australia have 
exhibited some of the greatest increases in their numbers of papers in fish population science over 
this period, as represented by the growth index (GI). The GI is the ratio between the number of 
papers produced in the second half of the period over the number of papers produced in the first 
half of the period. As the GI at the world level is 1.31 (Table I), any GI score greater than 1.31 
indicates that a country’s output has increased more than at the world level. Table I shows that the 
U.S. and Canadian output have been keeping pace with the world output in this research area, as 
each have a GI score of 1.31.  

On the other hand, four countries have a GI of greater than 2, indicating that their numbers of 
papers more than doubled between the first and second half of the period: China (2.87), Brazil (2.64), 
the Republic of Korea (2.25), and Chile (2.20). Portugal, India, Greece, Australia, Italy, and Spain 
round out the top 10 countries with the greatest increases in fish population science output in the 
last 12 years. It should be noted that Sweden, Russia, and New Zealand have GI scores considerably 
lower than the world level—at 1.22, 1.16, and 1.15—respectively, indicating that their output is not 
keeping pace with that of the world as a whole. 

2.3 Specialization and scientific impact 

The specialization index (SI) is an indicator of the intensity of research of a country within a specific 
research area relative to the intensity of research within the same area in the world. If the SI is above 
1, a country is specialized in fish population science relative to the world; it the SI is below 1, a 
country is not specialized in this research area. Table II provides SI scores and rankings for the top 
25 countries in fish population research over the last 12 years.  

Norway is by far the most specialized country in fish population science, with an SI score of 7.84 
(Table II). It is followed by Chile, New Zealand, South Africa, and Canada, all of which have SI scores 
of 3.0 or higher, meaning that they are highly specialized in this research area. Some of the 25 
leading producers in fish population are not highly specialized in this research area, most notably 
China (SI of 0.25), the Republic of Korea (SI of 0.28), India (SI of 0.32), Germany (SI of 0.47), and 
Italy (SI of 0.54). 

 Among the most specialized countries, including Canada, the SI scores have remained fairly stable 
over the 1998–2009 period, with those of those of Brazil, Denmark and Australia increasing most 
notably (data not shown). Interestingly, most of the countries that are not specialized in this 
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research area also demonstrated an increase in their SI scores, suggesting that they are progressively 
increasing their research intensity to catch up to the proportion of research conducted in this 
research area at the world level. Only a few of these 25 leading countries showed a slight (albeit 
erratic) trend toward lower SI scores over the study period, most notably Mexico, New Zealand and 
Norway. 

Table II Specialization index (SI), papers per million inhabitants, and average of 
relative citations (ARC) of leading countries in fish population science, 1998–
2009 

Country Papers SI Rank
Papers/

106 inhab.
Rank ARC Rank

United States 14,704 1.26 11 4.14 10 1.09 12
Canada 4,926 3.03 5 12.82 3 1.25 6
United Kingdom 3,380 1.10 15 4.65 9 1.37 3
Australia 2,310 2.17 9 9.67 5 1.29 5
Japan 2,191 0.69 20 1.44 16 0.68 22
France 2,035 0.96 18 2.68 13 1.12 11
Norway 1,998 7.84 1 36.52 1 1.32 4
Spain 1,479 1.24 13 2.87 12 1.04 13
Germany 1,358 0.47 22 1.37 17 1.16 10
China 1,176 0.25 25 0.07 24 0.78 19
Russia 951 0.97 17 0.55 21 0.40 25
Brazil 845 1.20 14 0.38 23 0.77 20
Italy 844 0.54 21 1.21 18 1.03 14
Denmark 796 2.35 8 12.04 4 1.50 2
Sweden 792 1.25 12 7.35 7 1.20 8
New Zealand 717 3.49 3 15.03 2 1.22 7
Mexico 695 2.57 7 0.56 20 0.71 21
Netherlands 642 0.72 19 3.23 11 1.55 1
South Africa 633 3.36 4 1.13 19 1.18 9
Portugal 599 2.90 6 4.76 8 1.00 16
Finland 589 1.84 10 9.43 6 0.91 18
Chile 397 3.69 2 2.10 15 0.92 17
India 332 0.32 23 0.03 25 0.41 24
Greece 306 1.04 16 2.40 14 1.00 15
Rep. of Korea 263 0.28 24 0.46 22 0.59 23

WORLD 39,477 1.00 na 1.00
 

Note:  Rankings for the SI, papers/106 inhabitants, and ARC are applicable only among this group of 25 
leading countries. 

Source: Calculated by Science-Metrix using Scopus data 

The papers per million inhabitants (i.e., the papers per capita multiplied by 106) allows for 
comparisons between countries’ research output in a given field in relation to their total population. 
Similar to what was observed with the SI, Norway produces the most papers per million inhabitants, 
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followed by New Zealand, Canada, Denmark, Australia, and Finland (Table II). It is worth noting 
that all of these countries have well-developed large-scale fishing industries and relatively modest 
populations. In contrast, highly-populated countries such as India, China and Brazil contribute to 
much fewer papers in fish population science per capita, even if their production of fish and fishery 
products is high.1 One exception to this trend is the U.S., which is highly populated but ranks 10th 
amongst the 25 leading countries in terms of its papers per million inhabitants. Note that any trends 
in the papers per capita over the last 12 years are closely correlated with the GI (presented in Section 
2.2), as the number of papers produced by a given country changes to a much greater extent than 
does its population. 

The ARC is an indicator of scientific impact: it indicates how often a country’s papers are cited in the 
scientific literature, on average, relative to the world’s papers. This indicator of citedness is 
normalized by subfield of science to take into account differences in the citation practices of scholars 
in different subfields. For this report, a score above 1 indicates that a country’s papers in fish 
population research are cited more often, on average, than papers in this research area at the world 
level; a score below 1 indicates the reverse. Table II provides ARC scores and rankings for the top 25 
countries in fish population research over the last 12 years. 

The Netherlands and Denmark contribute the most cited papers in fish population science; on 
average, these papers are cited 55% and 50%, respectively, more often than the world level (i.e., ARC 
scores of 1.55 and 1.50, respectively). The U.K., Norway, Australia and Canada are also highly cited in 
this research area, at a level at least 25% (i.e., ARC scores of 1.25 or greater) higher than the world. 
Among countries that produce high numbers of papers in this research area, the U.S. has a relatively 
modest ARC score with 1.09, whereas papers from Japan are far less cited, on average, than the world 
level, as shown by an ARC score of 0.68 (i.e., they are cited 32% less frequently than the world level). 
Of the 25 leading countries, the Republic of Korea, India and Russia are the least often cited in fish 
population science, with ARC scores of 0.59, 0.41, and 0.40, respectively. 

2.3.1 Positional analysis 

One way to obtain a rapid overview of the performance of the top 25 countries in fish population 
research is to perform a positional analysis (see Figure 2): countries are positioned in a two–
dimensional space based on their ARC and SI scores, and the size of the bubbles are proportional to 
their number of papers. The top performers are in the top right quadrant (i.e., high level of 
specialization and high impact) while countries in the lower left quadrant are not favourably 
positioned in fish population science (i.e., not specialized and low impact). It is also important to 
take account of the number of papers published when interpreting the respective positions of 
different countries. For example, a country in the top right quadrant might make only a small 
contribution in this research area (as indicated by the size of the bubble), in which case its overall 

                                                            

1 FAO. 2003-2010. Fisheries and Aquaculture topics. Global trends. Topics Fact Sheets. In: FAO Fisheries and Aquaculture 
Department [online]. Rome. Accessed from: http://www.fao.org/fishery/topic/3456/en  
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contribution might not be as influential as that of another country with a similar positioning but 
greater output. 

 

Figure 2 Positional analysis of leading countries in fish population science, 
1998–2009 

Note:  The size of the bubbles is proportional to the number of papers by that country. 
Source: Calculated by Science-Metrix using Scopus data 

Canada’s position in fish population science is clearly strong: as shown by its placement in the top 
right quadrant, it is specialized in this research area and has contributed to a large number of papers 
that are, on average, highly cited (Figure 2). Norway, Australia, Denmark, New Zealand and South 
Africa are similarly positioned, although their contributions are not as large (particularly for the 
latter two countries). The U.S. stands out for its large number of papers, but its levels of 
specialization and impact are modest. The U.K. and the Netherlands have high levels of scientific 
impact, but only the former is specialized. Sweden and Spain round out the list of countries in the 
top right quadrant, whereas Germany and France are in the top left quadrant, indicating that their 
fish population papers are more frequently cited than the world level but they are not specialized in 
this area. 

In the bottom left quadrant are the Asian countries (Japan, China, the Republic of Korea and India), 
and Russia, none of which are highly cited or specialized in fish population science (Figure 2). 
Finally, a few countries are specialized in this research area, but their impact remains below the 
world average: Finland, Chile, Brazil and Mexico. 
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3 DFO in the national and international contexts 

This section focuses on DFO’s research on fish populations within the national and international 
contexts. First, general trends on DFO’s output will be presented (Section 3.1), followed by the 
benchmarking of DFO among leading Canadian and world institutions (Section 3.2) and among 
national and international collaboration networks (Section 2.3). 

3.1 DFO: General trends 

DFO is a key player in research on fish populations in Canada, producing approximately 1,600 
papers in this area in the last 12 years, which represents almost a third of Canada’s output (Table III). 
Considering its mandate, it is not surprising that DFO is extremely specialized in fish population 
science, with an SI score of 123.10, compared to 3.03 for Canada as a whole. Both DFO and Canada 
produce papers that are more frequently cited, on average, than the world level, although DFO’s ARC 
score (1.20) is slightly lower than that of Canada (1.25). Nonetheless, DFO’s papers in fish 
population science are cited, on average, 20% more frequently than those at the world level. 

Table III DFO in the national context: number of papers, share of Canada (%), 
specialization index (SI), and average of relative citations (ARC), 1998–2009* 

1998-2009*
DFO

Papers 1,602
Share of Canada 32.5%
SI 123.10
ARC 1.20

CANADA
Papers 4,926
SI 3.03
ARC 1.25

 
Note:  * Papers from 2009 are not completely indexed in Scopus 
Source: Calculated by Science-Metrix using Scopus data 

Looking at trends over time, DFO’s output in fish population science, as measured in the Scopus 
database, has increased slightly over the period (Figure 3), with a GI of 1.12 (GI; Table IV). Recall that 
the number of papers in this research area is growing over time (Figure 1), such that DFO’s GI, while 
positive, remains below that of the world (GI of 1.31), indicating that it has not kept up with the 
increase in number of papers produced at the world level. DFO’s share of papers produced in Canada 
in this research area has also decreased slightly over the study period, from about 35% to less than 
30% (Figure 3). However, DFO continues to specialize in fish population science, with its SI hovering 
around 1.20 over the study period. Small fluctuations also occurred in the scientific impact of DFO’s 
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fish population papers, although no trend in these fluctuations (either increasing or decreasing ARC 
score) is observed. 
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Figure 3 Trends in DFO’s output in fish population science: number of papers, 
share of Canada (%), specialization index (SI), and average of relative 
citations (ARC), 1998–2008 

Source: Calculated by Science-Metrix using Scopus data 

3.2 Leading Canadian and world institutions 

Among leading Canadian institutions in fish population science (Table IV), DFO had by far the 
greatest output during the 1998–2009 period. The institution with the second-highest output, the 
University of British Columbia (UBC), produced roughly 620 papers and 12.6% of Canada’s output, 
compared to DFO’s 1,600 papers and 32.5% of Canada’s output. Along with UBC, three other 
universities located near Canada’s coasts round out the top five producers of papers in fish 
population science: Dalhousie University (460 papers), the Memorial University of Newfoundland 
(420 papers), and Simon Fraser University (290 papers). 
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Table IV Number of papers, share of Canada, and growth index (GI) of leading 
Canadian institutions in fish population science, 1998-2009* 

Institution 1998-2009* Share of Canada GI

WORLD 39,477 n.a. 1.31

Canada 4,926 100% 1.31

DFO - Fisheries and Oceans Canada 1,602 32.5% 1.12
University of British Columbia 623 12.6% 1.82
Dalhousie University 456 9.3% 1.71
Memorial University of Newfoundland 420 8.5% 1.08
Simon Fraser University 294 6.0% 2.00
Université Laval 256 5.2% 1.17
Environment Canada 210 4.3% 1.44
University of New Brunswick 198 4.0% 1.87
University of Guelph 195 4.0% 1.38
University of Toronto 149 3.0% 1.76
Ontario Ministry of Natural Resources 147 3.0% 1.77
University of Victoria 135 2.7% 2.21
McGill University 127 2.6% 1.59
University of Waterloo 117 2.4% 0.77
University of Alberta 108 2.2% 1.20
NRC Canada - National Research Council 98 2.0% 1.80
UQAR - Université du Québec à Rimouski 97 2.0% 1.69
Queen's University 91 1.8% 1.84
University of Manitoba 89 1.8% 1.41
Trent University 88 1.8% 2.26
Carleton University 83 1.7% 3.88
University of Windsor 82 1.7% 1.73
GIROQ 82 1.7% 0.67
University of Ottawa 81 1.6% 2.12
Université de Montréal 66 1.3% 1.44
University of Calgary 55 1.1% 1.39
McMaster University 52 1.1% 1.26
Ministère des Ressources Naturelles et de la Faune du Québe 45 0.9% 1.65
University of Saskatchewan 45 0.9% 1.25
UQTR - Université du Québec à Trois-Rivières 44 0.9% 2.67
Laurentian University 40 0.8% 2.08
UQAM - Université du Québec à Montréal 39 0.8% 0.86
Université de Moncton 37 0.8% 0.85
Bamfield Marine Station 35 0.7% 2.50
University of Prince Edward Island 35 0.7% 1.19
Parks Canada 28 0.6% n.s.
University of Northern British Columbia 27 0.5% n.s.
Concordia University 26 0.5% n.s.
University of Western Ontario 26 0.5% n.s.
St. Francis Xavier University 26 0.5% n.s.  
Note:  * Papers from 2009 are not completely indexed in Scopus. The GI is not calculated for institutions with 

less than 30 papers in total. 
Source: Calculated by Science-Metrix using Scopus data 
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The GI presented in Table IV shows that certain leading Canadian institutions have substantially 
increased their output in fish population research, most notably Carleton University (GI of 3.88), 
with a total of 83 papers, most of which were published in 2006 or after. Similarly, Trent University 
(GI of 2.26, with a total of 88 papers), the University of Victoria (GI of 2.21, with a total of 135 
papers), and the University of Ottawa (GI of 2.12, with a total of 81 papers) each produced more 
than 50 papers, of which more than double were published since 2004. It is worth noting that of the 
top five producers in this research area, Simon Fraser University saw the greatest increase in its 
output, with a GI of 2.00. Other institutions have slowed their production in fish population science, 
as indicated by their GI scores of less than 1.00: the Université du Québec à Montréal (UQAM; GI of 
0.86), the Université de Moncton (GI of 0.85), the University of Waterloo (GI of 0.77), and the Groupe 
interuniversitaire de recherches océanographiques du Québec (GIROQ) (GI of 0.67). As explained above, 
DFO increased its output in fish population science slightly over the period (GI of 1.12; Figure 3), 
but this increase remains below that of the world (which has a GI of 1.31). Similarly, McMaster 
University, the University of Saskatchewan, the University of Alberta, the University of Prince 
Edward Island, Université Laval, and the Memorial University of Newfoundland have not kept up 
with the increase in number of papers produced at the world level. 

As shown in Table V, within the international context, DFO is still among the leaders in fish 
population research, since only the U.S. National Oceanic and Atmospheric Administration (NOAA) 
produced more papers in this area during the 1998–2009 period (nearly 2,500 papers, compared to 
1,600 for DFO). Several other U.S. institutions are among the world’s leading producers, such as the 
U.S. Geological Survey, the University of Washington, the U.S. Fish and Wildlife Service, and Oregon 
State University. Including DFO, nine Canadian institutions are featured among the list of 50 
leading producers (Table V). Other countries with more than one prominent institution in fish 
population research (i.e., 200 or more papers) include Norway (e.g., Institute of Marine Research, 
University of Bergen, and the University of Tromsø), Australia (e.g., Commonwealth Scientific and 
Industrial Research Organisation [CSIRO] and James Cook University), Japan (e.g., Hokkaido 
University and the University of Tokyo) and the U.K. (e.g., the Centre for Environment, Fisheries & 
Aquaculture Science; Marine Scotland; and the University of Aberdeen). 

Looking at the GI at the institution level, the most substantial increases were seen within the 
Chinese Academy of Sciences (GI of 3.91, 216 papers), the Japanese Fisheries Research Agency (GI of 
3.90, 196 papers), James Cook University (GI of 3.03, 310 papers), the University of Miami (GI of 
2.47, 222 papers), the University of Tasmania (GI of 2.44, 196 papers), and the University of Hawaii 
at Manoa (GI of 2.09, 207 papers). International institutions that, like DFO, have dropped below the 
world’s pace of growth (i.e., that have a GI score of less than 1.31), include the Institute of Marine 
Research (Norway), Hokkaido University, the University of Tokyo, the Finnish Game and Fisheries 
Research Institute, the University of Wisconsin-Madison, North Carolina State University, the 
University of Maine, and the University of Rhode Island. 
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Table V Number of papers and growth index (GI) of leading world institutions in fish 
population science, 1998-2009* 

Institution Country 1998-2009* GI

WORLD 39,477 1.31
NOAA - National Oceanic and Atmospheric Administration United States 2,488 1.60
DFO - Fisheries and Oceans Canada Canada 1,602 1.12
USGS - US Geological Survey United States 1,319 1.56
University of Washington United States 872 1.50
Institute of Marine Research Norway 659 1.20
University of British Columbia Canada 623 1.82
Russian Academy of Sciences Russia 474 1.27
USFWS - U.S. Fish and Wildlife Service United States 456 1.76
Dalhousie University Canada 456 1.71
Oregon State University United States 454 1.99
University of Bergen Norway 448 1.33
IFREMER France 446 2.08
CSIRO - Commonwealth Science and Industrial Research Organization Australia 442 1.47
Memorial University of Newfoundland Canada 420 1.08
University of California, Davis United States 418 1.66
CEFAS - Centre for Environment, Fisheries & Aquaculture Science United Kingdom 403 1.82
University of Tromsø Norway 399 1.42
USDA - US Department of Agriculture United States 393 1.57
Marine Scotland United Kingdom 392 1.33
Hokkaido University Japan 379 1.18
College of William and Mary United States 328 1.41
University of Tokyo Japan 326 1.16
James Cook University Australia 310 3.03
University of Alaska Fairbanks United States 295 1.81
Simon Fraser University Canada 294 2.00
Rutgers University United States 269 1.45
Université Laval Canada 256 1.17
University of Aberdeen United Kingdom 241 1.27
University of Florida United States 234 1.85
North Carolina State University United States 229 1.08
University of Miami United States 222 2.47
University of Cape Town South Africa 222 1.44
Tokyo University of Marine Science and Technology Japan 219 1.26
URI - University of Rhode Island United States 217 0.94
Chinese Academy of Sciences China 216 3.91
Environment Canada Canada 210 1.44
Texas A and M University United States 208 1.63
University of Hawaii at Manoa United States 207 2.09
University of California, Santa Barbara United States 206 1.99
Finnish Game and Fisheries Research Institute Finland 202 1.13
University of Wisconsin-Madison United States 198 1.11
University of New Brunswick Canada 198 1.87
Cornell University United States 197 1.70
University of Tasmania Australia 196 2.44
Fisheries Research Agency (Japan) Japan 196 3.90
University of Guelph Canada 195 1.38
University of Maine United States 195 0.97
Norwegian Institute for Nature Research (NINA) Norway 194 1.34
University of Oslo Norway 192 1.74
Scripps Institution of Oceanography United States 191 1.36  
Note:  * Papers from 2009 are not completely indexed in Scopus 
Source: Calculated by Science-Metrix using Scopus data 
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3.3 National and international collaboration 

The collaboration network of the 50 leading Canadian institutions clearly illustrates DFO’s key role 
within fish population science in Canada (Figure 4). In collaboration networks, the size of the nodes 
is proportional to the number of papers published by the institution; the edge width is proportional 
to the number of papers co-authored by pairs of institutions. DFO, as well as being the biggest 
Canadian producer of papers on this topic, has over 30 collaborative relationships with other leading 
Canadian institutions, including productive relationships (i.e., 50 or more co-authored papers) with 
Dalhousie University, the Memorial University of Newfoundland, UBC, Simon Fraser University, 
Environment Canada and Université Laval. Thus, DFO is clearly an important hub in the national 
collaboration network. 

Other highly productive relationships can be seen between the Université Laval and GIROQ, as well 
as UBC and Simon Fraser University (Figure 4). Not surprisingly, most of the largest producers in 
fish population science (as identified in Table IV) are also the institutions that have the most 
collaborative relationships, e.g., UBC, Dalhousie University, the Memorial University of 
Newfoundland, Simon Fraser University, Université Laval, Environment Canada, the University of 
Guelph, and the University of Toronto. 

Moreover, many relationships seen in this network are likely enhanced by the geographical proximity 
of the institutions and/or political factors. Indeed, regional clustering patterns can be observed (e.g., 
interlinking of several institutions from Ontario), and the two main clusters that were identified 
based on modularity have a geopolitical component: one involving most of the leading institutions 
located in Quebec (in orange, at the top of the network) and one involving all of the remaining 
leading institutions.  
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Figure 4 National collaboration network of the 50 Canadian leading institutions in 
fish population science, 1998–2009 

Note:  Node size is proportional to the institution’s number of papers over the period. Edge width is 
proportional to the number of collaborations between institutions. Edges representing less than 10 
collaborations over the period are not presented. Node colour is determined by clusters based on 
modularity. 

Source: Calculated by Science-Metrix using Scopus data 
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The collaboration network of the leading 50 world institutions (Figure 5) reflects to an even greater 
degree the effect of geopolitical factors. Four distinct clusters were identified in this network (based 
on modularity), which are centered on four specific countries or regions: Japan (blue, bottom-left); 
the U.S., with links to China and Australia (green, centre-left); Canada (red, centre-right); and Europe 
(orange, bottom-right). More generally, across these main clusters, relationships have mainly been 
established between Canadian and U.S. institutions, as well as between European and U.S. or 
Canadian institutions. 

The most productive relationships in this network are generally observed within clusters/countries, 
such as between the University of Washington and NOAA, or between the University of Bergen and 
the Norwegian Institute of Marine Research (Figure 5). Nonetheless, DFO and NOAA have a strong 
collaborative relationship, with a total of 74 co-authored papers over the 1998–2009 period. DFO’s 
other substantial international collaborations are with the University of Washington (44 papers), the 
Institute of Marine Research (Norway, 40 papers), and the U.S. Geological Survey (USGS, 36 papers).  
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Figure 5 International collaboration network of the 50 world leading institutions in 
fish population science, 1998–2009 

Note:  Node size is proportional to the institution’s number of papers over the period. Edge width is 
proportional to the number of collaborations between institutions. Edges representing less than 10 
collaborations over the period are not presented. Node colour is determined by clusters based on 
modularity. 

Source: Calculated by Science-Metrix using Scopus data 
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4 Historical trends in DFO’s research in fish population science 

This section focuses on trends in DFO’s research output on fish populations, including both 
internal documents (i.e., those indexed in the Canadian Science Advisory Secretariat Publications 
database) and peer-reviewed papers (i.e., those indexed in Scopus). Some general trends in these 
publications are introduced in Section 3.14.1, followed by a more detailed analysis looking at topics 
relating to fisheries and fish populations (Section 3.2). Finally, trends are examined in the 
combination of topics, as well as the occurrence of species names and keywords, which may indicate 
changes in the complexity in the subjects covered in DFO’s publications over the 1998–2009 period 
(Section 2.3). 

4.1 Internal vs. peer-reviewed publications: General trends 

In addition to the peer-viewed papers discussed in Section 3, DFO also produced several internal 
documents on topics relating to fish population. These documents include the following types, 
which are indexed in the Canadian Science Advisory Secretariat Publications database:  

 Research documents (1977 onward) present the scientific basis for the evaluation of fisheries 
resources in Canada. They address the issues of the day—in the time frames required for 
management—by providing progress reports on ongoing investigations. 

 Proceedings (1996 onward) record the activities at meetings or workshops for which DFO is a 
sponsor. The Proceedings generally record decisions, recommendations, and major points of 
discussion at these meetings and workshops. 

 Science Advisory Reports (2005 onward) include traditional Stock Status Reports, Ecosystem 
Status Reports, and Habitat Status Reports. Moreover, management strategies, frameworks, and 
guidelines on the assessment or evaluation of specific issues, impacts of human activities on 
ecosystem components, and recovery assessments on a species or population are also included 
in this series. 
- Stock Status Reports (1993–2004) present the status of different stocks of fish, 

invertebrates, and marine mammals in Canada, as well as some ecosystem and 
environmental issues. 
- Ecosystem Status Reports (2003–2004) present an overview of the status of ecosystems, 

oceanographic conditions, biological communities, and other integrative evaluations of 
status of areas, from local to very large spatial scales. 
- Habitat Status Reports (2003–2004) document human activities that may impact aquatic 

ecosystems or components of those ecosystems, including the nature of the activities, their 
extent, their interactions with ecosystem components, and interactions with other human 
activities on the same areas. 

 Science Responses (2006 onward) document the responses provided by DFO Science for issues 
handled via the Science Special Response Processes (SSRPs). The SSRPs are generally used when 
Science has to respond to urgent and unforeseen requests for scientific information/advice or to 
respond to a request for which advisory precedents already exist. 
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For the purposes of this study, these documents were grouped under the heading “internal 
documents”; the majority of these internal documents are made up of research documents and 
Science Advisory Reports (including the associated reports produced prior to 2005). 

DFO produced a total of about 2,700 internal documents during the 1998–2008 period, for an 
average of about 250 per year. The number of internal documents produced each year has decreased 
over the period, from an average of about 285 documents per year to 215. Since DFO’s output in the 
form of peer-reviewed papers has increased slightly over the same time period, the proportion of 
DFO’s output in the form of internal documents declined over the period, from over 40% to about 
30% (internal documents are identified in blue in Figure 6, with those on fish populations in dark 
blue and those on other topics in light blue). DFO’s output in the form of peer-reviewed papers 
indexed in Scopus is discussed in Section 3. 

 

Figure 6 Share of DFO’s publications, overall and in fish population science; 
internal documents and peer-reviewed papers in Scopus, 1998–2008 

Source: Calculated by Science-Metrix using Scopus data and DFO data on internal publications 

The majority of DFO’s internal documents (about 2,300, or 85%) were associated with subjects 
relating to fish populations—a much greater share than that observed for peer-reviewed papers (i.e., 
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approximately 33%). However, DFO’s number of internal documents on fish populations has 
declined over the period, from over 250 per year to about 175 per year. The effect of this decrease on 
DFO’s total publications in fish population science is clearly seen in Figure 6: from 1998 to 2001, 
nearly 60% of DFO’s total publications (internal and peer-reviewed combined) presented subjects 
relating to fish populations; this share has since dropped to about 50%. Because DFO’s output in the 
form of peer-reviewed papers has grown slightly over the same time, the decrease in the number (and 
share) of DFO’s total output in fish populations is in large part attributed to the decrease in the 
number of internal documents on this subject. This finding also reflects the fact that an increasing 
number of DFO’s publications (particularly peer-reviewed papers) are on topics not related to fish 
populations. 

Overall, over the 1998–2009 period, these findings support two conclusions. First, they suggest a 
shift in DFO’s output in fish populations from internal publications to peer-reviewed documents, 
although care should be taken when interpreting this conclusion, as many of the internal document 
types have purposes different from those of peer-reviewed papers. Second, they indicate a shift 
towards research on topics other than those relating to fish populations, although it is important to 
note that the latter still represents about 50% of DFO’s total publications.  

4.2 Internal vs. peer-reviewed publications: By topic 

DFO’s publications in fish population science were subsequently analyzed by topic. The eight topics 
were identified using co-word analysis in the entire dataset of fish population papers extracted from 
Scopus (see Methods for additional details). As shown in Figure 7, the number and share of internal 
documents (A, left-hand chart) and peer-reviewed papers in Scopus (B, right-hand chart) across the 
eight topics differ between the two types of publications. Indeed, a much larger proportion of DFO’s 
internal documents (42%) relate to Stock Assessments compared to peer-reviewed papers (12%); 
similarly, but to a lesser extent, Fishing Gear & Fisheries Impact represent a greater proportion of 
DFO’s internal documents. On the other hand, a larger proportion of peer-reviewed papers are 
produced in  Trophic Ecology, Conservation & Population Biology, Habitat & Community Ecology, 
and Climate Change compared to internal publications.  
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Figure 7 Share and number of DFO publications in fish population science by 
topic; (A) internal documents and (B) peer-reviewed papers in Scopus, 
1998–2008 

Source: Calculated by Science-Metrix using Scopus data and DFO data on internal publications 

If one supposes that one internal document is equivalent to one peer-reviewed paper (i.e., that DFO’s 
research could be published through either type of publication), it is interesting to compare the 
trends in the proportion of publications of each type used to disseminate research results relating to 
each topic. However, care should be taken when interpreting findings from such an analysis, as many 
of the internal document types have purposes different from those of peer-reviewed papers (e.g., 
records of the activities at meetings or workshops or reports responding to urgent and unforeseen 
requests for scientific information and advice). Looking at the numbers of publications in Figure 7, 
some topics are clearly covered by a greater number of internal documents than peer-reviewed papers 
(e.g., Stock Assessment, Sustainable Fisheries Management, Fishing Gear & Fisheries Impact, and 
Aquatic Invertebrates), whereas the reverse is observed in other cases (e.g., Trophic Ecology and 
Climate Change). 

As discussed above, there appears to be an overall shift in DFO’s output away from internal 
documents towards peer-reviewed papers, suggesting a shift in the types of publications used to 
disseminate information about fish populations. In addition, the extent of these changes varies 
between specific topics. For example, the largest shifts towards peer-reviewed papers are seen in the 
topics of Conservation & Population Biology and Sustainable Fish Management: for these two 
topics, the proportion of the total output being published in peer-reviewed papers increased from 
22% to 44% and from 38% to 57%, respectively, between the first and second half of the study period. 
Other shifts are seen for Climate Change (from 65% to 80%), Trophic Ecology (from 66% to 80%), 
and Aquatic Invertebrates (from 35% to 45%). In contrast, the ratio of publications between the two 
mediums remains fairly stable in the following topics: Fishing Gear & Fisheries Impact, Habitat & 
Community Ecology, and Stock Assessment.  

A B 
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Note that these findings should be interpreted with care, taking into account the various 
purposes/audiences associated with each type of output (i.e., internal publications vs. peer-reviewed 
papers). For example, the fact that the ratio in the number of publications relating to Habitat & 
Community Ecology published through each type of output has remained stable (even though the 
proportion of internal documents on fish population science has decreased dramatically over the 
same period) suggests that DFO’s research on this topic is not only of interest to the wider academic 
community (i.e., justifying its dissemination via peer-reviewed papers) but also remains important to 
managers or stakeholders seeking science-based advice and information (i.e., justifying ongoing 
dissemination via internal documents).  

Recall that the number of DFO’s internal publications in fish populations decreased overall between 
1998 and 2008 (Figure 6); this trend also varies across topics. Table VI presents trend data by topic, 
for both internal documents and peer-reviewed papers, based on the share of publications. Trends 
are represented graphically, with arrows and colours, to aid in the interpretation of the trend charts; 
note that the arrows and colours indicate whether a shift was observed between the first and second 
half of the study period. 

The number of internal documents relating to Stock Assessment declined the most during the 
period: the average number of documents on this topic dropped from over 100 per year to less than 
70 between the first and second half of the study period, although the share has decreased to a lesser 
extent (Table VI). Similarly, a decreasing number—though a relatively steady proportion—of DFO’s 
internal publications were produced in the following topics: Aquatic Invertebrates, Conservation & 
Population Biology, and Sustainable Fish Management. In other words, the decrease in the number 
of publications relating to these topics was proportional to the overall decrease in the number of 
internal publications. However, both the number and share of internal documents in Climate 
Change and Trophic Ecology decreased over the period. 

Table VI Number and percentage of DFO publications (internal documents and peer-
reviewed papers) in fish population science by topic, with trends, 1998–2008 

Topic # Publications % # Publications %

Fish pop. 2,319 1,486

Aquatic Invertebrates 268 11.6% +N+N+N+N+N+N+N+N+N+N+N+ 176 11.8% +N+N+N+N+N+N+N+N+N+N+N+

Climate Change 10 0.4% +N+N+N+N+N+N+N+N+N+N+N+ 38 2.6% +N+N+N+N+N+N+N+N+N+N+N+

Conserv & Pop Biology 470 20.3% +N+N+N+N+N+N+N+N+N+N+N+ 442 29.7% +N+N+N+N+N+N+N+N+N+N+N+

Fishing Gear & Fisheries Impact 79 3.4% +N+N+N+N+N+N+N+N+N+N+N+ 37 2.5% +N+N+N+N+N+N+N+N+N+N+N+

Habitat & Community Ecology 109 4.7% +N+N+N+N+N+N+N+N+N+N+N+ 116 7.8% +N+N+N+N+N+N+N+N+N+N+N+

Stock Assessment 978 42.2% +N+N+N+N+N+N+N+N+N+N+N+ 185 12.4% +N+N+N+N+N+N+N+N+N+N+N+

Sustainable Fisheries Management 186 8.0% +N+N+N+N+N+N+N+N+N+N+N+ 90 6.1% +N+N+N+N+N+N+N+N+N+N+N+

Trophic Ecology 98 4.2% +N+N+N+N+N+N+N+N+N+N+N+ 289 19.4% +N+N+N+N+N+N+N+N+N+N+N+

% Trend% Trend

Internal documents Peer-reviewed papers

 
Source: Calculated by Science-Metrix using Scopus data and data on DFO’s internal publications 
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Over the same period, the number of internal publications on Fishing Gear & Fisheries Impacts and 
Habitat & Community Ecology increased (Table VI), although these shifts are relatively modest when 
compared to the overall output. Indeed, with a total of 79 internal publications over the period 
relating to Fishing Gear & Fisheries Impacts, the increase in share represented by these publications 
is almost negligible—in fact, the Trend column suggests that the increase is cause by a spike in 
publications in a single year. In contrast, the 109 publications relating to Habitat & Community 
Ecology represent a slightly more substantial and sustained increase (Table VI).  

With regard to DFO’s peer-reviewed papers in Scopus, there are also interesting variations in the 
share of papers produced over time across the eight topics (Table VI). As noted above, the number of 
DFO’s peer-reviewed papers on fish populations increased over the 1998–2008 period; therefore, a 
declining or steady number of papers in a given topic will result in a smaller share of papers held by 
that topic. This is the case for papers relating to Stock Assessment (as well as Fishing Gear & 
Fisheries Impacts, although the number of papers in this topic is very limited). Indeed, the average 
number of peer-reviewed papers in the Stock Assessment topic dropped from an average of 20 per 
year to 13 per year—accompanied by a steep decline in the share of papers in this topic—between the 
first and second half of the study period. 

Other than annual variability, no changes (i.e., no increasing or decreasing trends) were observed in 
the share of peer-reviewed papers produced by DFO on the topics of Aquatic Invertebrates, Climate 
Change and  Trophic Ecology (Table VI). However, increases were seen in both the number and share 
of peer-reviewed papers in Conservation & Population Biology, Habitat & Community Ecology, and 
Sustainable Fish Management. 

Looking at both internal documents and peer-reviewed papers in fish population science, these 
findings suggest a shift in DFO’s output from publications focusing on stock assessments to 
publications presenting a more ecologically based perspective (e.g., at the level of the 
habitat/community). A more in-depth discussion of trends relating to specific keywords/subject 
areas is presented in the next section to expand on this hypothesis. 

4.2.1 Keyword trends  

To complement the analysis at the topical level, examining trends in the use of selected keywords in 
DFO’s publications can help to provide a greater understanding of the evolution of specific subjects 
of interest within fish population science. At the inception of the study, DFO suggested a series of 
keywords and potential topics of interest; temporal trends in the occurrence of these keywords were 
thus examined. Only selected keywords that retrieved more than 10 papers were considered in the 
following analysis. These results are shown in Table VII, including the number of publications, the 
share, and the trend based on the share of publications retrieved in the topic or with the search term 
shown. Trends are represented graphically, with arrows and colours, to aid in the interpretation of 
the trend charts; note that the arrows and colours indicate whether a shift was observed between the 
first and second half of the study period. 
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At first glance (Table VII), it is clear that several of the issues of interest to DFO have been 
increasingly featured in their publications, both internal documents and peer-reviewed papers. The 
most striking trends relate to the ecological interactions keywords, as well as the species at risk 
keywords. In the first case, most keywords tested were associated with a growing number of 
publications between the first and second half of the study period; for example, the keywords 
“habitat”, “phytoplankton”, and “zooplankton” were used more often in both internal document 
and peer-reviewed papers in the second half of the period compared to the first half.  

In the second case (species at risk), almost no papers were retrieved by the selected search terms in 
the first half of the period, and the Trend column demonstrates that this area of study was newly 
developed within DFO around 2003; note that this coincides with new Species at Risk Act (SARA), 
which became law in December 2002. Many of the specific keywords relating to species at risk, such 
as “COSEWIC” (Committee on the Status of Endangered Wildlife in Canada), “recovery potential”, 
and “SARA/Species at risk” were found only in internal documents, suggesting that most study 
findings on these topics were disseminated preferentially via internal documents rather than peer-
reviewed papers.  

Other topics for which several keywords indicated a growing output are fishing impacts (e.g., 
“bycatch” and “diversity + fisheries”) and sustainability (e.g., “productive capacity”), although certain 
terms are more often used in internal documents (e.g., “bycatch”, “limit reference point”, and 
“precautionary approach”). In contrast, climate research keywords (e.g., “climate change” and “sea 
surface temperature”) were more often seen in peer-reviewed papers than in internal documents. 
Meanwhile, the proportion of internal documents retrieved by the main stock assessment keywords 
(e.g., “stock status” and “survey”) was relatively stable or growing (e.g., “stock assessment*”), 
although a decrease is visible for many of these keywords (e.g., “stock assessment*” and “fishing 
mortality”) for peer-reviewed papers. 

These findings help to support the preliminary conclusion, made in the previous section, about the 
growing importance of fish population research conducted from an ecologically based perspective 
(i.e., that consider interactions with phytoplankton or zooplankton), combined with a gradually 
lessening focus on simple stock assessment research. This analysis also provides additional insight 
into specific subjects that are of growing interest in either internal documents (e.g., species at risk, 
impacts, and sustainability) or peer-reviewed papers (e.g., climate change). 
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Table VII Number of scientific papers retrieved from the dataset on fish population 
science in DFO internal documents using different search terms, 1998–2008 

Topic
Keyword (search terms) # Publications % % Trend # Publications % % Trend

All fish pop. papers 2,319 1,486

Climate Change 15 0.6% +N+N+N+N+N+N+N+N+N+N+N+ 54 3.6% +N+N+N+N+N+N+N+N+N+N+N+

climate change 10 0.4% +N+N+N+N+N+N+N+N+N+N+N+ 42 2.8% +N+N+N+N+N+N+N+N+N+N+N+
sea surface temperature - - +N+N+N+N+N+N+N+N+N+N+N+ - 14 0.9% +N+N+N+N+N+N+N+N+N+N+N+

Ecological Interactions 296 12.8% +N+N+N+N+N+N+N+N+N+N+N+ 304 20.5% +N+N+N+N+N+N+N+N+N+N+N+

ecosystem approach - - +N+N+N+N+N+N+N+N+N+N+N+ - 10 0.7% +N+N+N+N+N+N+N+N+N+N+N+
habitat 271 11.7% +N+N+N+N+N+N+N+N+N+N+N+ 217 14.6% +N+N+N+N+N+N+N+N+N+N+N+
phytoplankton 11 0.5% +N+N+N+N+N+N+N+N+N+N+N+ 33 2.2% +N+N+N+N+N+N+N+N+N+N+N+
zooplankton 18 0.8% +N+N+N+N+N+N+N+N+N+N+N+ 60 4.0% +N+N+N+N+N+N+N+N+N+N+N+

Impacts 165 7.1% +N+N+N+N+N+N+N+N+N+N+N+ 71 4.8% +N+N+N+N+N+N+N+N+N+N+N+

bycatch* 124 5.3% +N+N+N+N+N+N+N+N+N+N+N+ 17 1.1% +N+N+N+N+N+N+N+N+N+N+N+
cumulative impact - - +N+N+N+N+N+N+N+N+N+N+N+ - - - +N+N+N+N+N+N+N+N+N+N+N+ -
diversity + fisheries 12 0.5% +N+N+N+N+N+N+N+N+N+N+N+ 27 1.8% +N+N+N+N+N+N+N+N+N+N+N+
diversity + fishing - - +N+N+N+N+N+N+N+N+N+N+N+ - 10 0.7% +N+N+N+N+N+N+N+N+N+N+N+

Species at Risk 150 6.5% +N+N+N+N+N+N+N+N+N+N+N+ 19 1.3% +N+N+N+N+N+N+N+N+N+N+N+

COSEWIC 75 3.2% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -
recovery potential 59 2.5% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -
SARA 44 1.9% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -
Species at risk 71 3.1% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -

Stock Assessment 1,213 52.3% +N+N+N+N+N+N+N+N+N+N+N+ 275 18.5% +N+N+N+N+N+N+N+N+N+N+N+

catch per unit effort 70 3.0% +N+N+N+N+N+N+N+N+N+N+N+ 12 0.8% +N+N+N+N+N+N+N+N+N+N+N+
fish abundance - - +N+N+N+N+N+N+N+N+N+N+N+ - 11 0.7% +N+N+N+N+N+N+N+N+N+N+N+
fish biomass - - +N+N+N+N+N+N+N+N+N+N+N+ - 11 0.7% +N+N+N+N+N+N+N+N+N+N+N+
fish population model* - - +N+N+N+N+N+N+N+N+N+N+N+ - - - +N+N+N+N+N+N+N+N+N+N+N+ -
fishing mortality 143 6.2% +N+N+N+N+N+N+N+N+N+N+N+ 41 2.8% +N+N+N+N+N+N+N+N+N+N+N+
monitoring 151 6.5% +N+N+N+N+N+N+N+N+N+N+N+ 69 4.6% +N+N+N+N+N+N+N+N+N+N+N+
overfish* - - +N+N+N+N+N+N+N+N+N+N+N+ - - - +N+N+N+N+N+N+N+N+N+N+N+ -
overharvest* - - +N+N+N+N+N+N+N+N+N+N+N+ - - - +N+N+N+N+N+N+N+N+N+N+N+ -
stock assessment* 234 10.1% +N+N+N+N+N+N+N+N+N+N+N+ 55 3.7% +N+N+N+N+N+N+N+N+N+N+N+
stock status 287 12.4% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -
survey 713 30.7% +N+N+N+N+N+N+N+N+N+N+N+ 103 6.9% +N+N+N+N+N+N+N+N+N+N+N+
Total allowable catch* 80 3.4% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -

Sustainability 238 10.3% +N+N+N+N+N+N+N+N+N+N+N+ 78 5.2% +N+N+N+N+N+N+N+N+N+N+N+
limit reference point 31 1.3% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -
maximum sustainable yield 11 0.5% +N+N+N+N+N+N+N+N+N+N+N+ - - +N+N+N+N+N+N+N+N+N+N+N+ -
precautionary approach 48 2.1% +N+N+N+N+N+N+N+N+N+N+N+ 26 1.7% +N+N+N+N+N+N+N+N+N+N+N+
productive capacity 14 0.6% +N+N+N+N+N+N+N+N+N+N+N+ 13 0.9% +N+N+N+N+N+N+N+N+N+N+N+
spawning stock biomass 151 6.5% +N+N+N+N+N+N+N+N+N+N+N+ 30 2.0% +N+N+N+N+N+N+N+N+N+N+N+
sustainable fish* - - +N+N+N+N+N+N+N+N+N+N+N+ - 10 0.7% +N+N+N+N+N+N+N+N+N+N+N+

Internal doc. Peer-reviewed papers

 
Note: Keywords were chosen and classified under different topics by DFO. Only data on keywords that 

retrieved 10 or more publications are shown. The “*” represents a wildcard and allows for the retrieval 
of publications based on different forms of a word (e.g., “model”, “models”, “modeling”, and 
“modelling”). Topics may include search terms not shown in the table. 

Source: Calculated by Science-Metrix using Scopus data and data on DFO’s internal publications 
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4.3 Complexity trends 

Several potential approaches could be used to address the hypothesis that DFO’s fish population 
research is increasingly gaining in complexity; note that the term “complexity” is used to refer to the 
combination of multiple facets in the research (i.e., research involving multiple species and/or their 
interactions [including multi-trophic interactions], combining multiple perspectives/topics, and 
research that is ecosystem-based, rather than species-based). In this study, trends in the number of 
topics per publication were examined, as well as trends in the number of species per publication. To 
accompany the latter analysis, data will also be presented on trends in the main species examined in 
DFO’s publications. While these approaches are somewhat exploratory, in combination with 
information presented on historical trends in the representation of topics and keywords, they 
indicate general shifts in the complexity of DFO’s output in fish population science. 

4.3.1 Number of topics per paper 

The average number of topics in each fish population paper is presented in Figure 8, first comparing 
DFO’s peer-reviewed papers with those of the world (A), as well as DFO’s peer-reviewed papers and 
internal documents (B). The first graph (A) shows that DFO is keeping up with the world trend 
toward greater “complexity” of fish population papers through the treatment of a gradually 
increasing number of topics. Indeed, DFO and world-produced papers combined presented an 
average of 2.0 and 2.1 fish population topics per paper, respectively, in 1998; for both, this average 
increased to about 2.4 topics per paper in 2008. 

The number of topics covered in DFO’s internal publications was relatively stable, remaining 
between 2.2 and 2.3 from 1998 to 2005, after which a marked increase in “complexity” is observed. 
Indeed, the average number of topics covered by DFO’s internal documents jumped to an average of 
2.9 between 2006 and 2008. Interestingly, this suggests that while a decrease occurred in the number 
of internal publications on fish population science produced by DFO, a concomitant increase 
occurred in terms of their “complexity”. Further work would be needed to determine whether this 
increase is related to the launch of two DFO internal publications, the Science Advisory Reports and 
the Science Responses, in 2005 and 2006, respectively. 
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Figure 8 Trends in the average number of topics per fish population paper; (A) 
DFO peer-reviewed papers vs. the world and (B) DFO’s internal 
documents vs. DFO’s peer-reviewed papers in Scopus, 1998–2008 

Source: Calculated by Science-Metrix using Scopus data and data on DFO’s internal publications 

4.3.2 Number of species per paper 

The number of species per fish population was also assessed using a list of 1,568 species names for 
which the English and Latin names have been matched to avoid double-counting; species that have 
multiple common names (e.g., pollock and saithe) were also harmonized, based on the Latin name. 
This list includes species of interest to DFO (including those used as keywords to develop the fish 
population research dataset), in addition to species for which the FAO’s Fisheries and Aquaculture 
Department produces statistics (i.e., ASFIS Species for Fishery Statistics Purposes2). Species not on 
this list were not considered in the analysis, so the true number of species per paper is likely 
underestimated. This analysis also looked at species names in titles, abstracts, and author keywords; 
it is likely that additional species were cited within the body of the paper (e.g., in the introduction or 
discussion), which would also contribute to an underestimation of the number of species per paper. 
However, in both cases, underestimations as to the true number of species per paper would occur in 
a manner that is relatively constant across the period, allowing for trend analysis. It should also be 
noted that this list provides a more comprehensive coverage of marine mammals and commercially 
important fish, invertebrates, and aquatic plant species than of species that may be of ecological 
importance (e.g., Calanoida). Thus, this analysis is limited in terms of exploring trophic interactions 
between fish populations and other species.  

The results, presented in Figure 9, suggest that the number of species per fish population paper has 
been relatively stable over the 1998–2008 period, with the world averaging 1.6 species per paper 

                                                            

2 See http://www.fao.org/fishery/collection/asfis/en  
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(Figure 9A) and DFO’s internal documents and peer-reviewed papers averaging 1.5 species per paper 
(Figure 9B). Thus, considering 1,568 species of interest, there appears to have been no change in 
“complexity”, in terms of the number of species examined in fish population papers. 
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Figure 9 Trends in the average number of species per fish population paper; (A) 
DFO vs. the world and (B) DFO’s internal documents vs. peer-reviewed 
papers in Scopus, 1998–2008 

Note: Based on a list of 1,568 species names for which the English and Latin names have been matched to 
avoid double-counting. This list includes species of interest to DFO, as well as species for which the 
FAO’s Fisheries and Aquaculture Department produces statistics (i.e., ASFIS). 

Source: Calculated by Science-Metrix using Scopus data and data on DFO’s internal publications 

While the average number of species per paper may not have changed over the 1998–2008 period, 
many changes can be seen in the main species examined in DFO’s publications, both in internal 
documents and peer-reviewed papers over this period. Table VIII presents the 35 most frequently 
studied species in DFO’s internal documents (i.e., in more than 15 internal documents), as well as 
trends in their appearance in titles and abstracts of these documents in terms of share (%) of these 
documents. Note that, as the number of internal documents on fish population research has 
decreased over the period, a decrease in the number of documents examining a particular species 
may not represent a decrease in the percentage (% Trend), whereas an increase in number always 
represents an increase in percentage. Trends are represented graphically in Table VIII, with arrows 
and colours, to aid in the interpretation of the trend charts; note that the arrows and colours 
indicate whether a shift was observed between the first and second half of the study period. 

As shown in Table VIII, the proportion of internal documents increased most prominently between 
the first and second half of the study period for two species—Greenland halibut and Atlantic 
mackerel—whereas more modest increases were seen for snow crab, northern prawn, winter flounder, 
Arctic char, harp seal, and lumpfish. The largest drops in share were observed for Atlantic salmon, 
yellowtail flounder, coho salmon, silver hake, rainbow trout, striped bass, and Iceland scallop. The 

A B 



Research on Fish Populations: DFO and Canada A Bibliometric Analysis  
 

February 2011 
© Science-Metrix Inc. 32 

 

top three species studied were Atlantic cod, Atlantic salmon (despite its dropping share), and 
Atlantic herring, each being examined in approximately 10% or more of DFO’s internal documents 
across the study period. Indeed, the proportion of internal documents remained stable for many of 
the top species studied by DFO, namely Atlantic cod, Atlantic herring, shrimp, American sea scallop, 
redfish, witch flounder, pollock, Pacific herring, Atlantic halibut, and sablefish. 

Table VIII contains an interesting finding: an increase in the proportion of documents dealing with 
fish population science for which no species were identified. This result may have occurred because 
no species were named in the titles or abstracts of these documents, or because a species in question 
was not included in the list of 1,568 species used for this analysis. In the latter case, this may suggest 
a shift away from species-focused studies (and, potentially, a shift toward ecosystem-focused 
studies), as well as a shift towards studies of species that are less commercial and/or of greater local 
interest, which would not be included in the list of species used in the analysis. Further work would 
be needed to confirm this hypothesis.  
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Table VIII Number and percentage of DFO’s internal documents in the fish population 
dataset with selected species' names listed in the title, abstract, or keywords, 
with trends, 1998–2008 

Species Papers (#) Percentage (%)

All fish pop. papers 2,319 100% n/a

Species not specified/in list 847 36.5% +N+N+N+N+N+N+N+N+N+N+N+

Atlantic cod 409 17.6% +N+N+N+N+N+N+N+N+N+N+N+
Atlantic salmon 233 10.0% +N+N+N+N+N+N+N+N+N+N+N+
Atlantic herring 230 9.9% +N+N+N+N+N+N+N+N+N+N+N+
snow crab 163 7.0% +N+N+N+N+N+N+N+N+N+N+N+
shrimp 148 6.4% +N+N+N+N+N+N+N+N+N+N+N+
American sea scallop 116 5.0% +N+N+N+N+N+N+N+N+N+N+N+
American plaice 76 3.3% +N+N+N+N+N+N+N+N+N+N+N+
haddock 71 3.1% +N+N+N+N+N+N+N+N+N+N+N+
redfish 68 2.9% +N+N+N+N+N+N+N+N+N+N+N+
sockeye salmon 59 2.5% +N+N+N+N+N+N+N+N+N+N+N+
northern prawn 55 2.4% +N+N+N+N+N+N+N+N+N+N+N+
white hake 51 2.2% +N+N+N+N+N+N+N+N+N+N+N+
witch flounder 48 2.1% +N+N+N+N+N+N+N+N+N+N+N+
yellowtail flounder 47 2.0% +N+N+N+N+N+N+N+N+N+N+N+
pollock 46 2.0% +N+N+N+N+N+N+N+N+N+N+N+
Greenland halibut 43 1.9% +N+N+N+N+N+N+N+N+N+N+N+
Pacific herring 43 1.9% +N+N+N+N+N+N+N+N+N+N+N+
capelin 42 1.8% +N+N+N+N+N+N+N+N+N+N+N+
coho salmon 42 1.8% +N+N+N+N+N+N+N+N+N+N+N+
winter flounder 37 1.6% +N+N+N+N+N+N+N+N+N+N+N+
Atlantic mackerel 30 1.3% +N+N+N+N+N+N+N+N+N+N+N+
chinook salmon 28 1.2% +N+N+N+N+N+N+N+N+N+N+N+
Atlantic halibut 25 1.1% +N+N+N+N+N+N+N+N+N+N+N+
Arctic char 24 1.0% +N+N+N+N+N+N+N+N+N+N+N+
sablefish 22 0.9% +N+N+N+N+N+N+N+N+N+N+N+
harp seal 21 0.9% +N+N+N+N+N+N+N+N+N+N+N+
American lobster 18 0.8% +N+N+N+N+N+N+N+N+N+N+N+
eulachon 18 0.8% +N+N+N+N+N+N+N+N+N+N+N+
green sea urchin 17 0.7% +N+N+N+N+N+N+N+N+N+N+N+
lumpfish 17 0.7% +N+N+N+N+N+N+N+N+N+N+N+
silver hake 17 0.7% +N+N+N+N+N+N+N+N+N+N+N+
chum salmon 16 0.7% +N+N+N+N+N+N+N+N+N+N+N+
rainbow trout 16 0.7% +N+N+N+N+N+N+N+N+N+N+N+
winter skate 16 0.7% +N+N+N+N+N+N+N+N+N+N+N+
striped bass 15 0.6% +N+N+N+N+N+N+N+N+N+N+N+

% Trend

 
Note: Based on a list of 1,568 species names for which the English and Latin names have been matched to 

avoid double-counting. This list includes species of interest to DFO, as well as species for which the 
FAO’s Fisheries and Aquaculture Department produces statistics (i.e., ASFIS). 

Source: Calculated by Science-Metrix using Scopus data and data on DFO’s internal publications 



Research on Fish Populations: DFO and Canada A Bibliometric Analysis  
 

February 2011 
© Science-Metrix Inc. 34 

 

A similar analysis was conducted for DFO’s peer-reviewed papers. The first finding of interest is that 
the top species in DFO’s internal documents (Table VIII) are not necessarily the same as those in 
DFO’s peer-reviewed papers (Table IX). Indeed, while some species are comprehensively studied by 
DFO—Atlantic cod and Atlantic salmon are the top species examined in both internal and peer-
reviewed papers (18% and 11% for cod, and 10% and 9% for Atlantic salmon, respectively)—others are 
more often examined in the context of internal documents or in peer-reviewed papers. For instance, 
internal documents feature a greater proportion of publications than peer-reviewed papers on snow 
crab (i.e., 7% vs. 3%, respectively), American sea scallop, redfish, and most flounder species. Peer-
reviewed papers generally feature more studies on salmonids (e.g., sockeye, chinook, or coho 
salmon), American lobster, and blue mussel than do internal documents.  

Table IX presents trends in peer-reviewed papers for species that are examined in 10 or more papers 
during the 1998–2008 period (i.e., 39 species). Seeing as the number of peer-reviewed papers in fish 
population science increased over the period, it is not surprising that the number of papers went up 
for a number of species. Certain species were more often featured in the second half of the period 
than in the first half, as shown in the Trend column. Many such increases were seen for salmonids 
(e.g., Atlantic salmon, sockeye salmon, chinook salmon, rainbow trout, chum salmon, lake trout, 
pink salmon, and brook trout), as well as for rainbow smelt, alewife, grey seal, yellowtail flounder, 
American sea scallop, brook trout, yellow perch, green sea urchin, winter flounder, and sculpin.  

Meanwhile, some species were featured less frequently in the second half of the period, namely 
Atlantic cod, capelin, snow crab, northern prawn, haddock, American plaice, Atlantic herring, Arctic 
char, redfish, harp seal, Pacific herring, pollock, American eel, harbour seal, and sea lamprey. The 
remaining species in this list were examined in a similar proportion of papers across the study 
period. Unlike for internal documents, the proportion of peer-reviewed papers that do not feature 
any of the 1,568 species used in this analysis was also stable over the study period. However, the 
number of different species featured in DFO’s papers each year has increased, suggesting a possible 
diversification of the species under study in the context of fish population science. 

It is also interesting to note that DFO’s peer-reviewed papers represent a substantial proportion of 
papers on certain species published at the world level (Table X). For example, DFO’s 33 papers on 
American plaice represent 46% of the world’s papers on this species, and DFO’s 49 papers on snow 
crab represent 41% of the world output. DFO also produced 30% of the world’s papers on the grey 
seal and the hooded seal, 25% of papers on redfish, and 25% of papers on the harp seal. Finally, 
species for which DFO produced 15% to 20% of the world output include sockeye salmon, northern 
prawn, capelin, American sea scallop, American lobster, lake whitefish, coho salmon, harbour seal, 
Greenland halibut, and Atlantic cod. 
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Table IX Number and percentage of peer-reviewed papers with selected species' 
names listed in the title, abstract, or keywords in the fish population dataset, 
with trends, 1998–2008 

Species Papers (#) Percentage (%)

All fish pop. papers 1,486 100% n/a

No species specified 274 18.4% +N+N+N+N+N+N+N+N+N+N+N+

Atlantic cod 161 10.8% +N+N+N+N+N+N+N+N+N+N+N+
Atlantic salmon 139 9.4% +N+N+N+N+N+N+N+N+N+N+N+
sockeye salmon 88 5.9% +N+N+N+N+N+N+N+N+N+N+N+
coho salmon 71 4.8% +N+N+N+N+N+N+N+N+N+N+N+
chinook salmon 58 3.9% +N+N+N+N+N+N+N+N+N+N+N+
capelin 52 3.5% +N+N+N+N+N+N+N+N+N+N+N+
snow crab 49 3.3% +N+N+N+N+N+N+N+N+N+N+N+
American lobster 43 2.9% +N+N+N+N+N+N+N+N+N+N+N+
blue mussel 38 2.6% +N+N+N+N+N+N+N+N+N+N+N+
northern prawn 35 2.4% +N+N+N+N+N+N+N+N+N+N+N+
haddock 34 2.3% +N+N+N+N+N+N+N+N+N+N+N+
American plaice 33 2.2% +N+N+N+N+N+N+N+N+N+N+N+
Atlantic herring 30 2.0% +N+N+N+N+N+N+N+N+N+N+N+
rainbow trout 29 2.0% +N+N+N+N+N+N+N+N+N+N+N+
chum salmon 28 1.9% +N+N+N+N+N+N+N+N+N+N+N+
walleye 27 1.8% +N+N+N+N+N+N+N+N+N+N+N+
Arctic char 27 1.8% +N+N+N+N+N+N+N+N+N+N+N+
lake trout 26 1.7% +N+N+N+N+N+N+N+N+N+N+N+
pink salmon 22 1.5% +N+N+N+N+N+N+N+N+N+N+N+
redfish 22 1.5% +N+N+N+N+N+N+N+N+N+N+N+
harp seal 21 1.4% +N+N+N+N+N+N+N+N+N+N+N+
rainbow smelt 20 1.3% +N+N+N+N+N+N+N+N+N+N+N+
alewife 20 1.3% +N+N+N+N+N+N+N+N+N+N+N+
Pacific herring 19 1.3% +N+N+N+N+N+N+N+N+N+N+N+
lake whitefish 19 1.3% +N+N+N+N+N+N+N+N+N+N+N+
grey seal 18 1.2% +N+N+N+N+N+N+N+N+N+N+N+
pollock 18 1.2% +N+N+N+N+N+N+N+N+N+N+N+
yellowtail flounder 18 1.2% +N+N+N+N+N+N+N+N+N+N+N+
American sea scallop 17 1.1% +N+N+N+N+N+N+N+N+N+N+N+
brook trout 17 1.1% +N+N+N+N+N+N+N+N+N+N+N+
American eel 14 0.9% +N+N+N+N+N+N+N+N+N+N+N+
Greenland halibut 14 0.9% +N+N+N+N+N+N+N+N+N+N+N+
yellow perch 13 0.9% +N+N+N+N+N+N+N+N+N+N+N+
green sea urchin 13 0.9% +N+N+N+N+N+N+N+N+N+N+N+
northern pike 13 0.9% +N+N+N+N+N+N+N+N+N+N+N+
winter flounder 12 0.8% +N+N+N+N+N+N+N+N+N+N+N+
harbour seal 11 0.7% +N+N+N+N+N+N+N+N+N+N+N+
sculpin 10 0.7% +N+N+N+N+N+N+N+N+N+N+N+
sea lamprey 10 0.7% +N+N+N+N+N+N+N+N+N+N+N+

% Trend

 
Note: Based on a list of 1,568 species names for which the English and Latin names have been matched to 

avoid double-counting. This list includes species of interest to DFO, as well as species for which the 
FAO’s Fisheries and Aquaculture Department produces statistics (i.e., ASFIS). 

Source: Calculated by Science-Metrix using Scopus data and data on DFO’s internal publications 
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Table X Number of peer-reviewed papers with selected species' names listed in the 
title, abstract, or keywords in the fish population dataset: DFO compared to 
the world, 1998–2008 

Species DFO WORLD Share DFO / World

All fish pop. papers 1,486 36,227 4%

Atlantic cod 161 1,088 15%
Atlantic salmon 139 1,578 9%
sockeye salmon 88 457 19%
coho salmon 71 438 16%
chinook salmon 58 783 7%
capelin 52 285 18%
snow crab 49 119 41%
American lobster 43 256 17%
blue mussel 38 800 5%
northern prawn 35 183 19%
haddock 34 304 11%
American plaice 33 71 46%
Atlantic herring 30 427 7%
rainbow trout 29 760 4%
chum salmon 28 270 10%
Arctic char 27 361 7%
walleye 27 644 4%
lake trout 26 211 12%
pink salmon 22 243 9%
redfish 22 88 25%
harp seal 21 85 25%
alewife 20 177 11%
rainbow smelt 20 138 14%
lake whitefish 19 117 16%
Pacific herring 19 199 10%
grey seal 18 60 30%
pollock 18 367 5%
yellowtail flounder 18 50 36%
American sea scallop 17 94 18%
brook trout 17 251 7%
American eel 14 114 12%
Greenland halibut 14 89 16%
green sea urchin 13 123 11%
northern pike 13 369 4%
yellow perch 13 332 4%
winter flounder 12 157 8%
harbour seal 11 68 16%
sculpin 10 188 5%
sea lamprey 10 104 10%  
Note: Based on a list of 1,568 species names for which the English and Latin names have been matched to 

avoid double-counting. This list includes species of interest to DFO, as well as species for which the 
FAO’s Fisheries and Aquaculture Department produces statistics (i.e., ASFIS). 

Source: Calculated by Science-Metrix using Scopus data and data on DFO’s internal publications 



Research on Fish Populations: DFO and Canada A Bibliometric Analysis  
 

February 2011 
© Science-Metrix Inc. 37 

 

5 Conclusion 

The present study sought to: 

1) compare the Canadian scientific output related to fish population science with that of other 
leading countries; 

2) examine the contribution of DFO to fish population science within the Canadian and 
international contexts; and 

3) analyze the changes in DFO’s scientific output related to fish population science in the last 
12 years. 

To benchmark Canada and DFO’s scientific output in fish population science research against that 
of other leading countries, several bibliometric indicators were used, such as the number of papers; 
growth index (GI); papers per million inhabitants; specialization index (SI); and average of relative 
citations (ARC), an indicator of scientific impact. Relating to the first objective, the study finds that 
Canada performs strongly in the research area of fish population science. More specifically, it is well 
positioned compared to other leading countries in this research area based on its output, 
specialization, and scientific impact. Other leading countries include the U.S. (based on the size of its 
output), as well as Norway, Denmark and Australia (based on their specialization and scientific 
impact scores). 

Regarding the second objective, the study finds that DFO is clearly a key player in this research area 
within Canada, as shown by the weight of its scientific output (almost a third of that of Canada), as 
well as its degree of specialization and scientific impact. DFO has maintained its performance level 
(with minor fluctuations) over the study period, although its proportion of Canadian papers in fish 
population science has dropped somewhat. DFO also demonstrates strong levels of collaboration 
both within the national and international networks. 

In terms of the historical trends in DFO’s output, which considered both internal documents and 
peer-reviewed papers, certain shifts were observed. First, the findings suggest a gradual change in the 
publication types used by DFO to disseminate its fish population research—more specifically, a shift 
away from internal documents and towards peer-reviewed papers. Moreover, the analysis examined 
trends for eight topics (these were determined using co-word analysis): Aquatic Invertebrates, Climate 
Change, Conservation & Population Biology, Fishing Gear & Fisheries Impact, Habitat & Community Ecology, 
Stock Assessment, Sustainable Fisheries Management, and Trophic Ecology. Examining these topics and 
selected keywords, DFO’s fish population research appears to be focusing less prominently on stock 
assessments and may be increasingly adopting an ecologically based perspective.  

Finally, findings relating to historical changes in the “complexity” of DFO research (i.e., the 
combination of multiple topics or species) were also examined. Taking into consideration the above 
findings (i.e., topical shifts), some of the observed trends suggest that DFO’s fish population 
research is becoming more “complex”, as indicated by the greater number of topics covered by each 
publication, but that further work would be needed to better characterize this shift. 
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Appendix A – Methods 
Access to a database containing the most complete bibliographic information on scientific journals 
published worldwide is essential for the production of bibliometric data. In this study, the Scopus 
database (by Elsevier) was used to produce statistics on aquaculture research for DFO. Scopus 
currently indexes some 33 million records in more than 18,000 peer-reviewed journals (i.e., articles 
that are peer reviewed prior to publication), covering various fields of science (e.g., the natural 
sciences and engineering and the social sciences and humanities). 

Scopus was chosen over other databases because it lists the references cited by each document it 
includes, allowing for internal coverage monitoring of the database and analysis of scientific impact 
based on citations and impact factors. Also, compared to databases that only provide information on 
the first author of a publication, Scopus includes all authors and their institutional affiliations, 
which allows collaboration rates between various entities (e.g., countries, institutions and 
researchers) to be analyzed. 

In producing bibliometric data, only four document types published in refereed scientific journals—
articles, conference papers, notes and reviews—were retained, as all have undergone the peer-review 
process prior to being accepted for publication. The peer-review process ensures that the research is 
of good quality and constitutes an original contribution to scientific knowledge. In this report, these 
documents are collectively referred to as “papers”. 

Constitution of datasets 

A set of publications on fish population science was retrieved from the Scopus database by 
performing a query in titles, author keywords, and abstracts using specific keywords. These keywords 
were based on those used in previous studies on similar topics for DFO, but several keywords were 
modified or added to expand and complement the original list. In particular, additional keywords 
suggested by DFO were added to the query (sometimes with minor modifications) after being tested 
for relevance and specificity. The list of the original keywords, as well as all modifications and 
additions were tested during validation of the dataset.  

The resulting dataset was tested for recall (i.e., an estimate of the proportion of relevant papers that 
were extracted from Scopus using the keywords) and precision (i.e., the number of relevant papers 
divided by the total number of papers retrieved by the query). The strategy used in the constitution 
of the dataset of peer-reviewed papers was found to limit the number of false negatives (i.e., high 
recall) as well as false positives (i.e., high precision). 

This query was also used to identify relevant documents within DFO’s internal publications by 
searching in the titles and abstracts of these publications. During the validation of the resulting 
dataset (as explained above), minor modifications were made to the original query to increase recall.  
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Identification of topics (co-word analysis) 

A separate methods note provided to DFO explains in detail the approach used for the identification 
of topics using co-word analysis. One of the main benefits of using this approach to identify research 
topics within a specific research area is that the “structure” that emerges does not rely on any a priori 
knowledge and/or conceptualization of the organization of scientific research around specific 
subjects. Instead, the structure emerges from how scientists described their work within their 
scientific papers (i.e., semantic clustering).  

In brief, the topics were identified by examining the co-occurrence patterns of pairs of words or 
expressions (i.e., two words found in the corpus co-occur if they are present in the same document) 
among papers in the fish population science dataset (see “Constitution of datasets” above) using a 
co-word matrix. This co-word matrix was used to build a two-dimensional map (i.e., co-word map), 
within which related words are positioned close to one another. In this way, it was possible to 
identify clusters of scientific terms that together described specific research themes/topics within 
fisheries and fish population research. 

Six coherent clusters representing six research themes within fisheries and fish population research 
emerged from this analysis: Fisheries; Reproduction & Developmental Biology; Conservation Biology & 
Molecular Ecology; Habitat & Community Ecology; Trophic Ecology; and Aquatic Invertebrates. Nearly all of 
these themes matched the topics of interest to DFO, with the exception of the Fisheries cluster, 
which was split into three separate topics using a similar method to that used to identify the main 
clusters. These three topics are: Fishing Gear & Fisheries Impact; Sustainable Fisheries Management; and 
Stock Assessment. The final co-word map illustrating these eight topics and their areas of overlap is 
shown in Appendix B. 

Finally, scientific papers retrieved from Scopus and DFO’s internal publications were assigned to the 
identified themes by comparing their terminology to the terminology defining the knowledge 
“space” of each theme on the co-word map. 

Bibliometric indicators 

Statistics were produced based on the following indicators: 

Number of papers: Number of scientific papers written by authors associated to geographic areas 
(e.g., countries, based on author addresses), sectors, or organizations. 

Growth Index (GI): In this report, the GI represents the ratio in the output of a given entity (e.g., a 
country or an institution) between the first and second half of the study period. In other words, the 
GI is a measure of the increase in the number of papers in a particular field or research area. 

GI = (Xb/Xa) 

Where: 
Xa = Papers from entity X in a given research area (e.g., papers by France in fish population research) 
published between 1998−2003 
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Xb = Papers from entity X in a given research area published between 2004−2009 
A GI value above 1 means that a given entity experienced an increase in its output in this research 
area during the second half of the study period compared to the first half; an index value below 1 
means the reverse. The GI value for a given entity can be compared to the GI calculated for the world 
in this research area in order to ascertain whether the increase experienced by the entity has kept 
pace with the world increase in this research area. 

Specialization index (SI): This is an indicator of the intensity of research of a given geographic or 
organizational entity (e.g., a country) in a given research area (e.g., domain or field) relative to the 
intensity of the reference entity (e.g., the world) in the same research area.  

The SI is formulated as follows: 

(XS/XT) 
SI = 

(NS/NT) 

Where: 
XS = Papers from entity X in a given research area (e.g., Canada in fish population research) 
XT = Papers from entity X in a reference set of papers (e.g., Canada in Scopus) 
NS =  Papers from the reference entity N in a given research area (e.g., world in fish population 

research) 
NT = Papers from the reference entity N in a reference set of papers (e.g., world in Scopus) 

An index value above 1 means that a given entity is specialized relative to the reference entity, while 
an index value below 1 means the reverse. 

Average of relative citations (ARC): This is an indicator of the scientific impact of papers produced by 
a given entity (e.g., a country or an institution). The total number of citations received for each paper 
was counted. For a paper in a given subfield (reference subfields are those defined by CHI Research 
Inc. for the National Science Foundation), the citation count was then divided by the average count 
of all papers in this subfield within the fish population science dataset to obtain a relative citation 
count (RC). The ARC of a given entity (e.g., a country, an institution) is the average of the RC of 
papers belonging to it. When the ARC is above 1, an entity (e.g., country, institution, or researcher) 
scores better than the world in fish population research on average; when it is below 1, an entity 
publishes papers that are not cited as often as the world in fish population research on average. 

Positional analysis: To more easily interpret the strengths and weaknesses of an entity (e.g., a country 
or an institution) through the use of several separate indicators, Science-Metrix uses a graphical 
representation called positional analysis (see example below). This graphical representation logically 
combines three of the previously mentioned indicators (number of papers, SI and ARC).  

The horizontal axis of this positional graph corresponds to the SI, and the vertical axis to the ARC. 
These data are transformed to obtain a distribution with zero representing the world level. The size 
of the bubbles is proportional to the number of papers produced by the country or institution. 
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The position of a country or institution in one of four quadrants can therefore be interpreted as 
follows: 

 Quadrant 1: Located at the top right of the graph, this quadrant is synonymous with excellence. 
Institutions and countries in this quadrant specialize in the given domain, and their activities 
have a high impact, meaning that their papers are more frequently cited than the world average 
in this field. 

 Quadrant 2: Located at the top left of the graph, this quadrant indicates high-impact scientific 
production, but the countries or institutions are not specialized in the field. 

 Quadrant 3: Located at the bottom right of the graph, this quadrant indicates specialization in 
the field, although the entity’s scientific impact is below the world average. 

 Quadrant 4: Located at the bottom left of the graph, this quadrant represents the worst case 
scenario, as both the specialization level and impact are below the world average in the field. 

Collaboration networks: Scientific collaboration between entities (e.g., countries or institutions) is 
depicted by Science-Metrix using a collaboration network. Based on a square matrix cross-linking 
the number of papers co-authored by the relevant entities, the software programs UCINET and 
NetDraw (Analytic Technologies) produce a visual representation of the strength of the relationships 
between top entities. More specifically, a ‘spring-embedding’ algorithm with node repulsion and 
equal edge length is used to establish the relative locations of the entities in the graphic 
representation.  

In the networks, each node corresponds to an entity, represented by a circle of a size proportional to 
the number of papers it published in the field. Edges (lines) between nodes represent collaborations 
between entities. The width of each link is proportional to the number of collaborations between 
two entities. For a link to be displayed between two entities in the network, researchers from the 
entities must have co-authored more than a specified number of papers over the period (e.g., 10 or 
more papers during the 1998–2009 period). When applicable, groups of collaborating entities are 
identified based on modularity using the Newman-Girvan algorithm, and the resulting clusters are 
represented by attributing the same colour to all the nodes of a group. Although the algorithm 
attempts to place entities that share a greater number of collaborations closer together on a two-
dimensional plane, the length of the links cannot be used as an objective measurement of their 
relationship. Minor manual adjustments are sometimes made to increase readability. 
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Appendix B – Co-Word Map: Fish Population Science 

Figure 10 Co-word map of fish population science 

 
Source: Calculated by Science-Metrix using Scopus data 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


