Conservation research output in sub-Saharan Africa
is increasing, but only in a few countries
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Abstract We tested if peer-reviewed conservation research
output has increased in sub-Saharan African countries over
the last 30 years in response to increased development. We
carried out a bibliometric analysis to identify the number of
conservation research papers published by national authors
of 41 sub-Saharan African countries during 1987-2017, to pro-
vide an index of national conservation research output. We
identified country-specific development factors influencing
these totals, using general linear modelling. There were posi-
tive relationships between conservation research output and
population size, GDP, literacy rate, international tourism re-
ceipts and population growth rate, and negative relationships
with urban population and agricultural land cover, in total ex-
plaining 77% of variation. Thirty-eight per cent of countries
contributed < 30 conservation research papers (of 12,701) in
30 years. Analysis of trends in primary authorship in a ran-
dom subsample of 2,374 of these papers showed that primary
authorship by sub-Saharan African authors has increased sig-
nificantly over time but is now at a lower rate than primary
authorship for authors from countries outside the country
associated with the search term, usually a European or North
American country. Overall, 46% of papers had national pri-
mary authors, but 67% of these were South African. The re-
sults show that conservation research output in sub-Saharan
Africa overall is increasing but only significantly in a few
countries, and is still dominated by non-national scientists,
probably as a result of a lack of socio-economic development.
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Introduction

ne of the major responses to global anthropogenic en-
vironmental change is scientific research. Since the late
1980s, there has been a substantial push to describe, under-
stand and predict impacts on biodiversity and to use this infor-
mation to protect threatened species, habitats and ecosystems
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(Fazey et al., 2005; O’Connell et al., 2019). In theory, such con-
servation research should serve as a channel of communication
for scientists, students, conservation practitioners, local com-
munities, non-governmental organizations, and governments
to catalyse the action necessary to meet this environmental
challenge (Wilson, 2000; Sodhi & Ehrlich, 2010). To attain
positive conservation outcomes, individuals, communities and
organizations need to acquire a diversity of data, skills and
knowledge. Collectively, these elements comprise capacity
(O’Connell et al., 2019). Unfortunately, inequalities in terms
of research capacity across the conservation community limit
our ability to meet conservation needs effectively in the face
of the current environmental crisis (Wilson et al., 2016).
Previous bibliometric analyses have noted a serious mis-
match between where biodiversity is located and where re-
search institutions are based. Although there has been an
increase in research output from institutions in economically
less developed countries over time, the proportion of research
carried out by national researchers compared to that in de-
veloped countries has not improved and, in some cases, has
decreased (e.g. Fazey et al., 2005; Campbell, 2007; Mammides
et al., 2016; Wilson et al., 2016; Cresswell, 2018). A dispropor-
tionate amount of conservation research has been conduct-
ed by researchers working in developed countries with low
biodiversity, resulting in a geographical bias in knowledge
(Griffiths & Dos Santos, 2012; Meijaard et al,, 2015). This bias
may be particularly prevalent in Africa, where the institu-
tions that carry out conservation research, such as universities
and field research centres, lack the historical, social and eco-
nomic contexts that have shaped those in other regions (Bawa
et al,, 2008). Understanding how in-country conservation re-
search capacity is, or is not, developing in this region of high
biodiversity and conservation importance is vital, as it is at the
level of national government that most conservation decisions
are made and represents a country’s ability to generate knowl-
edge about their natural resources (Meijaard et al., 2015).
Here we examine the degree to which conservation re-
search output, as measured by publication of papers in the
peer-reviewed international science literature, has devel-
oped in sub-Saharan Africa and the predictors that could in-
fluence this. Research publication output is probably limited
in sub-Saharan Africa by inadequate teaching resources, sci-
entific equipment and infrastructure, leading to a shortage
of trained professionals (Kabuye, 2001). Because of these
economically-linked limitations, we might expect a strong
relationship between positive economic, education and gov-
ernance indicators and increased rates of research output,
and we would expect those countries in Africa with a higher
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degree of economic development and longer tradition of re-
search institutions, such as South Africa, to have the greatest
national conservation research capacity. We would also ex-
pect there is now relatively more conservation research
being done in sub-Saharan Africa by national authors as
these countries develop economically, particularly with re-
spect to increases in institutional capacity and tourism, as
a prevalent type of tourism in some sub-Saharan African
countries is ecotourism, which directly depends on effective
local conservation and well-managed protected areas (Boley
& Green, 2016; Cresswell, 2018).

Searches of bibliometric databases for the number of re-
search papers produced by a country’s authors allow us to
track how the productivity of researchers and institutions
has developed over time (Verde Arregoitia & Gonzalez-Sudrez,
2019). We surveyed how much peer-reviewed literature
published during 1987-2017 was classified with the keyword
‘conservation’ along with a sub-Saharan African country’s
name. Inclusion of the country’s name in the search produces
papers with that country listed under the institutional address
of any authors; the assumption is that ifa paper was listed in the
search results, there will be at least one national author on the
paper, reflecting conservation research capacity for that coun-
try (Cresswell, 2018). Although output of research papers does
not necessarily equate directly to research capacity, publica-
tion in the international peer-reviewed literature is increasingly
seen as a means for researchers to influence conservation pol-
icy, and therefore the number of published papers is a potential
index of national research capacity (Mammides et al., 2016).
We systematically sampled the resulting searches to determine
the number of papers in which authors based in sub-Saharan
Africa were the first author, which we refer to as the primary
author. We identified potential country-specific predictors
of this national conservation research output using general
linear models. The most productive institutions and countries
were also determined, to examine conservation research out-
put over time across sub-Saharan Africa.

We predicted that: (1) conservation research output has
increased significantly over time, but there is much variation
between countries, dependent on the degree of economic
development and ecotourism, population size, quality of
governance and education, and government expenditure
on education; and (2) overall, the ratio of the number of
papers produced with national authors as primary authors
has increased over time relative to the number of papers
with non-African primary authors.

Methods

Data collection

Bibliometric analysis was conducted using data collected
from the Clarivate Analytics Web of Science online

Conservation research capacity

bibliographic database (Clarivate Analytics, 2019). We
searched on the Web of Science Core Collection, using the
Topic ‘conservation’ and the name of each of the 41 sub-
Saharan African countries (Table 1). The countries selected
were mainland countries, although Madagascar, Seychelles,
and Sdo Tomé & Principe were included because we per-
ceived these to be active countries in conservation science
within the African region. South Sudan was excluded from
analysis, as no papers were produced from searches as-
sociated with the country name for the time period and the
country only gained independence in 2011. Searches were
made for research articles published during 1987-2017,
excluding the subject categories of Engineering, Physics,
and Astronomy, with the word ‘conservation’ in the title,
abstract or keywords. For example, a typical search term
would be ‘“TS=conservation NOT TS=medicine NOT WC=
ENGINEERING NOT WC=PHYSICS NOT 6 WC=
ASTRONOMY AND CU=Angola and PY =(1987-2017)’.
The TS term searches the title, abstract, and keywords for
the word ‘conservation’. The CU term only searches the
address field for country, thus retrieving papers with au-
thors working from institutions working within the country,
rather than research conducted strictly within a country.
The assumption here was that if a research article was listed
on the search results for a country, then there would be at
least one national author on the paper, reflecting conser-
vation research capacity for that country. Thus, the total
search results for each country was considered a measure
of national conservation research capacity.

A total of 12,701 papers were located for the 41 countries
(Table 1). For each of the countries we identified 14 potential
predictor variables (Table 2), chosen based on availability of
data at a national scale. There were missing values for the in-
ternational tourism measure, education expenditure, liter-
acy rate and GDP for a few countries, resulting in variation
in sample size in our models. We also included whether
English is listed as an official language for the country, as
a factor to control for the confounding effect of English
being the primary language of publication in the conserva-
tion literature (Amano et al., 2016).

The 12,701 papers included some non-conservation articles
so the total number of articles per country will be an index of
publication output, not an absolute measure. Another factor
that could have influenced whether the number of papers re-
trieved by our searches is an accurate measure of the number
of conservation papers is the use of the search term ‘conser-
vation’, which may not extract all relevant articles, such as
ecological studies that are later applied to conservation pro-
blems. Here we assume that the proportion of both categories
of articles (irrelevant and missed) will be the same across coun-
tries and so that there is not a systematic bias confounding
our comparisons between countries.

The assumption that each research article represented at
least one in-country conservation researcher was examined
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TaBre 1 Number of peer-reviewed conservation science papers
published during 1987-2017 that had at least one national author
from any of the 41 sub-Saharan African countries, in ascending
order (data retrieved from Clarivate Analytics, 2019; see text for
search details).

Country No. of papers
Somalia 1
Djibouti 5
Guinea 7
Chad 9
Lesotho 9
Comoros 11
Guinea-Bissau 13
Eritrea 14
Liberia 14
Mauritania 15
Burundi 16
Republic of the Congo 19
Gambia 19
Angola 24
Sierra Leone 26
Sdo Tomé & Principe 37
Equatorial Guinea 38
Eswatini (formerly Swaziland) 42
Togo 42
The Democratic Republic of the Congo 44
Sudan 53
Mali 58
Rwanda 65
Niger 69
Cote d’Ivoire 82
Central African Republic 84
Malawi 93
Senegal 93
Mozambique 97
Seychelles 99
Zambia 117
Gabon 123
Burkina Faso 144
Botswana 172
Benin 188
Namibia 188
Ghana 258
Cameroon 349
Zimbabwe 385
Uganda 400
Nigeria 451
Madagascar 459
Tanzania 677
Ethiopia 686
Kenya 1,290
South Africa 4,986
Total 12,701

by subsampling the total 12,701 articles. For each country,
every fifth article was chosen systematically from the list
of search results to create a random sample with respect
to authorship. If an article did not concern conservation,

it was not sampled, and the preceding article was chosen.
This was the case in <10% of the subsampled papers.

For this subsample, we extracted the publication title and
year, whether or not the primary author was from the country
associated with the search and, if the primary author was a na-
tional, the associated institution was noted. There is potential
pseudo-replication in this sampling method: if a paper has
authors from > 1 sub-Saharan country or an author has mul-
tiple institutional affiliations, then a paper may be counted for
more than one country. However, if there were several authors
from a country listed on a paper, a paper was only counted
once for that country. We assumed that the proportion of such
articles will be the same across countries, regardless of ab-
solute number of articles or research institutions per country.
The institution of the primary author was determined using
the listed addresses, reprint address or institutional e-mail ad-
dress. These options facilitated greater confidence in assigning
an author’s geographical association, although some primary
authors listed at non-African institutions were African au-
thors working or studying abroad, which will lead to an over-
attribution of research to non-nationals (Stocks et al., 2008),
and underestimation of African publication output. In add-
ition, some apparently national primary authors were proba-
bly non-African researchers working at an African institu-
tion, reducing the ratio of non-African to African primary
authors (Stocks et al., 2008). Here we again assume that the
proportion of such articles will be the same across countries.

Data analysis

Data were analysed using general linear modelling with
a normal distribution of error residuals using R 3.5.2 (R
Core Team, 2014). Firstly, the predictors of national con-
servation research capacity across countries were explored
using the full dataset. We used general linear modelling to
explore any potential influence of the 14 country-specific
variables (Table 1) on the total number of papers produced
during 1987-2017 that had at least one national author. The
number of research articles in all models was log trans-
formed to obtain normally distributed residuals in the
final models, as was population size, area, GDP and inter-
national tourism. Next, the variables listed in Table 1 were
used to construct a full model, containing all country-
specific variables. No interactions between variables were
considered so as not to over-parameterize the model.
Before running the model, Pearson’s correlation tests were
run to test for correlations between variables, with a thresh-
old of 0.6 for removing highly correlated variables. Thus,
political stability was removed from the full model be-
cause of its high correlation with government effectiveness
(Pearson’s correlation test: o.71), and because political
stability gave higher scores of Akaike’s information crite-
rion (AIC) when substituted for government effectiveness
in models.
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TasLE 2 Descriptions and sources of country-level variables used in general linear models.

Explanatory variable

Description

Data source

Population size

Area

Population growth rate

Gross Domestic
Product (GDP)

Median age

Urbanization

Education expenditure

Literacy rate

Year of independence

English as an official
language

Political stability

Government
effectiveness

International tourism
Agricultural land cover

An estimate of total population size, July 2017

The sum of all land & water areas delimited by international boundaries &
coastlines in (km?)

The average annual % change in population size, because of births, deaths &
migration, 2017 estimate (or most recent data)

GDP on a purchasing power parity basis divided by population, as of 1 July 2017

A summary of the age distribution of a population, 2017 estimate (or most
recent data)
The % of total population living in urban areas, 2017 estimate (or most recent data)

Public expenditure on education, as % of GDP, 2017 estimate (or most recent data)

% of population age = 15 years that can read & write, 2017 estimate (or most
recent data)

The year when sovereignty was achieved from another nation or empire

(not applicable for Ethiopia)

Whether or not English is listed as an official language

Indicator reflecting perceptions of political instability & politically-motivated
violence, mean for 1998-2017

Indicator reflecting perceptions of the quality of public services, independence
from political pressures, & government credibility, mean for 1998-2017
International tourism receipts as % of total exports, in 2016

Agricultural land as % of land area, mean for 1987-2016

Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
Central Intelligence
Agency (2018)
World Bank (2018a)

World Bank (2018a)

World Bank (2018b)
World Bank (2018b)

Next, a simplified final model was constructed through
a process of backwards elimination (Crawley, 2007): non-
significant variables, starting with that with the highest
probability, were removed and this process was repeated
until all variables were significant. All models were com-
pared using AIC and the final model was that with the
lowest AIC. To ensure that subjectivity had not entered the
model simplification process, all possible models were also
considered using the Dredge function in the MuMIn pack-
age in R (Bartdn, 2018). As is required for Dredge analyses,
the data were subset to exclude missing values, resulting in
sample size differences between the full and final model.
Variables were ranked by the proportion of models within
AAIC =2 of the top model that they occurred in. Variables
that were not significant when using the backwards elimination
method but were found in > 70% of top models were included
in the final model. Thus, a final model was identified using
backwards elimination, based on the lowest AIC, highest AIC
weight, and statistical significance. This model was visually in-
spected for any violation of assumptions (Crawley, 2007), and
checked by reinserting all of the variables that were removed
during model simplification, one at a time, to check their effects
remained non-significant. We present both full and final mod-
els, to show that the process of model simplification did not
change the overall significance of any of the results.
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Trends in research output were explored using the more
detailed information from the 2,374 articles that were
subsampled (to allow the analysis to be completed in a
reasonable time). A similar methodology has been used
in bibliometric analysis in ecosystem monitoring (Yevide
et al., 2016), ornithology (Cresswell, 2018), avian conserva-
tion (Brito & Oprea, 2016), insect taxonomy (Deng et al.,
2019) and biodiversity research (Liu et al., 2011). Geograph-
ical and temporal trends in primary authorship were ana-
lysed concurrently to explore whether publication output
increased significantly over time and to test for any signifi-
cant difference in the ratio of non-African to African pri-
mary authors over time. Two general linear models were
constructed: one to examine changes in publication output
(total number of papers per year, with year scaled to start
from zero in 1987) and a second to test for any change in
the number of publications with national and non-African
primary authors over time (change in the ratio of non-
African to national primary author papers, with year scaled
to start from zero in 1987). A third model was constructed to
test whether the change in national primary authorship has
changed over time at a different rate compared to the change
in non-African primary authorship over time, by including
the interaction term year X type of authorship (non-African
or national).
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TasLE 3 The relationship between the number of conservation research articles (log transformed) retrieved from Clarivate Analytics (2019)
and potential explanatory country-based variables for 41 sub-Saharan African countries. The full model, including all explanatory variables
investigated, and the final model are shown. Two non statistically significant variables were also included in the final model because of

their AIC weight.

Full model" Final model®
Explanatory variable Estimate = SE t P Estimate = SE t P
(Intercept) —24.00£13.60 —-1.77 0.09 —13.90£1.92 —7.24 < 0.001
Log population size 0.83+£0.19 4.40 < 0.001 0.77£0.08 9.59 < 0.001
Log area —0.03£0.15 -0.23 0.82
Population growth rate —31.60%£27.80 —1.14 0.26 —50.10%£22.00 —2.28 0.03
Log GDP 0.56%0.31 1.81 0.09 0.78%+0.17 4.55 < 0.001
Median age 0.07£0.06 1.05 0.30
Urbanization —1.62+£1.19 —1.36 0.18 —1.36+£0.91 —1.49 0.15
Education expenditure —2.11+7.43 —0.28 0.77
Literacy rate 1.23+0.91 1.36 0.18 1.22+0.71 1.73 0.10
Year of independence 0.01£0.01 0.77 0.45
Government effectiveness 0.43+0.46 0.94 0.35
Log international tourism 0.65%0.18 3.52 0.02 0.70£0.12 5.86 < 0.001
Agricultural land cover —2.20£1.07 —2.05 0.05 —1.57£0.71 —2.20 0.04
English as an official language —0.16+0.35 —0.48 0.63

'Adjusted R*=0.77, F,;,, = 8.4, P < 0.001.
*Adjusted R*=0.78, F, ;,=19.0, P < 0.001.

Results

National conservation research publications

Overall, 12,701 papers were published during 1987-2017 by
authors working in institutions within sub-Saharan African
countries (ranging from a total of one in Somalia to 4,986
in South Africa). Authors in only four countries published
> 500 articles (South Africa, Kenya, Ethiopia and Tanzania)
and authors in 38% of countries published <30 articles
(Table 1). In 1987, only three articles were published by na-
tional authors, from Zimbabwe, South Africa and Ethiopia.
In comparison, in 2017, zero papers were recorded for only
15 countries (Burundi, Central African Republic, Chad, Equa-
torial Guinea, Eritrea, Guinea-Bissau, Guinea, Lesotho, Liberia,
Mauritania, Eswatini, Comoros, Djibouti and Somalia).

Factors predicting national conservation research
publications

Log population size, log GDP, and log international tourism
(tourism receipts as a % of exports) were significant posi-
tive predictors of the number of papers in the full model
(Table 3). In addition, the number of research papers mar-
ginally significantly decreased with an increase of agri-
cultural land cover. No other variables had a statistically
significant effect (Table 2). The full model had an adjusted
R? of 0.77. The results were the same for the simplified
model except that literacy rate and a log measure of inter-
national tourism were also positive significant predictors
and agricultural land cover was a significant negative

predictor (Table 2, Fig. 1). The number of papers also de-
creased with increasing urbanization; this relationship was
not statistically significant but was included in the final
model because it appeared in 89% of the top models
(Table 4, Fig. 1). The results from the Dredge analysis that
considered all possible models confirmed the results of the
final model (Table 3).

Distribution of research across institutions

Only four of the top 15 most productive sub-Saharan African
institutions were located outside South Africa: Université
d’Abomey-Calavi in Abomey-Calavi, Benin; Makerere Uni-
versity in Kampala, Uganda; Sokoine University of Agri-
culture in Morogoro, Tanzania; and the University of Ghana
in Accra, Ghana (Table 5). Authors at all four of these univer-
sities produced = 20 papers, in the subsample of 2,374 papers,
over the 30-year period.

Trends in primary authorship

Opverall, total conservation research output with the parti-
cipation of national conservation academics is increasing
(Fig. 2). Overall, 47% of sampled papers had sub-Saharan
African primary authors, but South Africa accounted for
31% of this primary authorship overall, and 67% of pri-
mary authorship amongst only sub-Saharan African coun-
tries (Table 6). Excluding South Africa, only 16% of papers
had sub-Saharan African primary authors. Five countries,
including two non-African countries, accounted for over
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Fig. 1 Modelled relationship for
the final model (Table 2) of the
number of peer-reviewed
conservation research papers

(a total of 12,701) produced

by primary authors in 41
sub-Saharan African countries
during 1987-2017 and
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TasLE 4 Evaluation of the most important explanatory variables for
predicting the number of papers published. All possible models
were ranked by AIC, and total weight was calculated by considering
the proportion of top models within AAIC =2 of the top model
(N =18 models) where a variable was present. Variables occurring
in > 70% of models are in bold. The top model had an AIC weight
of 0.1

Explanatory variable Total weight ~ No. of models
Log population size 1 18
Log area 0.05 1
Population growth rate 1 18
Log GDP 1 18
Median age 0.33 6
Urbanization 0.89 16
Education expenditure 0.05 1
Literacy rate 0.72 13
Year of independence 0.28 5
Government effectiveness 0.28 5
Log tourism 1 18
Agricultural land cover 1 18
English as an official language  0.11 2

10000 20000

(f) international tourism
GDP

(% of total exports, in 2016),
and (g) GDP (on a purchasing
power parity basis divided by
population, as of 1 July 2017).
Inset graphs show the modelled
relationships before back
transformation, where this was
necessary. Shaded areas indicate
one standard error.

half of primary authorship (South Africa, USA, UK, Kenya
and Ethiopia; Table 6). The USA and UK together ac-
counted for 17% of primary authorship (Table 6). Overall,
the number of papers increased significantly over time,
with an approximately quadratic function (no. of papers =
—s5.210.83 (year) + 0.45 + 0.027 (year’) +18.0, year scaled
to 1987=0, F,,s=8705, P <o.001, adjusted R*=0.98;
Fig. 2). There was a significant increase in the ratio of
non-African primary authors to national primary authors
over time (0.038*0.004, F,,,=73.7, P <o0.001, adjusted
R?=0.71): i.e. a greater proportion of the papers published
in 2017 had non-African primary authors. Initially the an-
nual rate of change in the number of papers published by
national primary authors was steeper than that for non-
African authors (2.1%0.81, t, ;6 =2.6, P = 0.011) but in later
years the rate of change with year for national authors
has become less steep compared to non-African authors
(—0.084£0.026, t, ;s = —3.2, P = 0.0022; overall model test-
ing for the interaction of authorship type with year adjusted
R?>=0.97, model without the interaction increases in AIC
by 9.5; Fig. 2).
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TasLE 5 The top 15 most productive institutions from a subsample of 2,374 papers (located in a search of Clarivate Analytics, 2019) pub-
lished on conservation during 1987-2017 that had sub-Saharan African authors.

Institution Location No. of papers % of total papers
University of Pretoria South Africa 81 34
University of Stellenbosch South Africa 67 2.8
University of Cape Town South Africa 59 2.5
University of KwaZulu Natal South Africa 46 2.1
Rhodes University South Africa 37 1.9
University of the Witswatersrand South Africa 34 1.6
Nelson Mandela Metropolitan University South Africa 22 1.4
Université d’Abomey-Calavi Benin 18 0.9
Makerere University Botswana 16 0.8
North West University South Africa 15 0.7
University of Johannesburg South Africa 14 0.6
University of Zimbabwe South Africa 13 0.5
Council of Scientific & Industrial Research South Africa 12 0.5
Sokoine University of Agriculture Tanzania 12 0.5
University of Ghana Ghana 12 0.5
TasLE 6 The top 15 countries of primary authors in a sample of
* 2,374 papers (located in a search of Clarivate Analytics, 2019) on
of conservation that had authors from sub-Saharan African coun-
; tries. Sub-Saharan African countries are in bold.
w , Primary author Number of % of total
8 200 / country papers papers
g South Africa 731 30.8
e USA 227 9.6
O UK 161 6.8
) Kenya 121 5.1
-g 100 Ethiopia 88 3.7
S France 82 3.5
=z Germany 77 3.2
Tanzania 61 2.6
Nigeria 59 2.5
Netherlands 52 22
0 Uganda 48 2.0
v - - v - Y Zimbabwe 47 2.0
1990 1995 2000 2005 2010 2015 Australia 45 1.9
FiG. 2 Change in the total number of peer-reviewed conservation ~ Cameroon 43 1.8
research papers with non-African primary authors and with Belgium 39 1.6

national primary authors (of the 2,374 articles that were
randomly subsampled from the full dataset) during 1987-2017
from 41 sub-Saharan African countries. Curves are plotted from
models predicting number of papers with the quadratic of year,
with grey shaded areas showing one standard error.

Discussion

National conservation research

Conservation research output, as measured by the number
of articles published, has increased since 1987, but with
great variation across countries. Given the socio-economic
diversity of the region, this is not a surprising finding. The
three countries that published conservation research in 1987
(South Africa, Zimbabwe and Ethiopia) accounted for 51%

of the recorded papers in 2017 and 38% of countries pro-
duced a total of < 30 papers in 30 years. These countries in-
clude Comoros and Djibouti, which have a relatively small
population, but also Angola, which is a more economically
developed country with a large population. In contrast,
authors from the most economically developed country in
sub-Saharan Africa, South Africa, contributed 4,980 publi-
cations in the same period, nearly four times the number
published from Kenya, the second most productive country.
A small number of countries appear to dominate conserva-
tion research authorship in sub-Saharan Africa, and it is in
these countries that capacity for research has developed
markedly over this time period. Our findings suggest that
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many countries do not yet have the expertise to publish in
the international, peer-reviewed literature. Because signifi-
cant development in the number of papers produced each
year has only occurred in a few countries, and not at all in
many countries, we suggest that this may indicate a self-
perpetuating cycle in conservation research: conservation
researchers working in countries that lack well developed
educational institutions and a scientific tradition are at a dis-
advantage in securing funding to initiate projects because of
the significance attached to publication for career develop-
ment (Meijaard et al., 2015; Mammides et al., 2016).

Factors predicting national conservation research output

Population size and literacy rate were good predictors of
national conservation research output across sub-Saharan
African countries: countries with larger, more literate, pop-
ulations tend to have more research institutions, more
people who study science (Meijaard et al., 2015), and a great-
er capacity to employ students once they are trained (Stocks
et al., 2008). Both GDP and international tourism receipts
were positive predictors of national conservation research
output, probably reflecting economic development and
wealth (Amano & Sutherland, 2013). It is generally assumed
that greater economic growth is tied to greater spending
on scientific infrastructure, new research institutions, and
research projects (Kabuye, 2001; Meijaard et al., 2015). In-
ternational tourism is a more specialized economic indi-
cator than GDP and in countries such as South Africa and
Tanzania, both with high conservation research output,
tourism and conservation are closely linked. For example,
> 90% of Tanzania’s tourism sector is wildlife dependent
(Caro & Davenport, 2016). In this context, conservation re-
search may be driven by the economy: without evidence-
based conservation management this USD 2 billion per
year industry will not be sustainable (Caro & Davenport,
2016). We suggest that tourism emerged in our analysis as
a significant predictor for research output because of this
close link between conservation and ecotourism in sub-
Saharan Africa, rather than the impact of tourism in gen-
eral. Of the variables that were not significant predictors
of conservation research output, English was however a sig-
nificant factor in several other studies (e.g. Dudgeon, 2003;
Fazey et al,, 2005; Meijaard & Sheil, 2007; Amano et al,,
2016). Language may pose a significant barrier to the acces-
sibility of scientific literature to conservation practitioners,
but because Web of Science only includes English language
journals and all sub-Saharan biological science journals
publish in English, with one in both English and French,
this study is unable to determine whether publishing lan-
guage or economic factors are more important.

A higher population growth rate, urban population and
agricultural land cover were significant negative predictors

Conservation research capacity

of conservation research output: this profile of a country ex-
pected to have low conservation research capacity is there-
fore one that needs it the most. By 2030, sub-Saharan Africa
is expected to experience the highest population growth
rate of any region in the world, with most of the growth
occurring in urban megacities (Nagendra et al., 2018). The
significant relationship with agricultural land cover is also
important to consider, because livelihoods in most sub-
Saharan African countries are directly linked to the sus-
tainable management of the environment (O’Connell et al.,
2019). One strategy for building conservation research cap-
acity could be to focus on agricultural teaching institutions
in countries with high agricultural land cover and currently
low research capacity. The consequences of environmental
degradation or environmental conservation are experienced
locally, generating a strong motivation for conservation to
be based on local knowledge (O’Connell et al., 2019). Our
analysis suggests, however, that countries with large urban
populations, high population growth rates, and the need
to prioritize agricultural production may be limited in their
ability to develop scientific infrastructure.

Conservation, including research, policy and practice, is
a complex and inherently social process, and thus it is un-
surprising that a number of national social, economic and
demographic factors contributing to varying levels of con-
servation research capacity across countries were identi-
fiable in this study (Mascia et al., 2003). Identifying these
factors across countries is important because most conser-
vation decisions are made at the scale of the national gov-
ernment and understanding patterns in research capaci-
ty at the national scale allows policymakers to formulate
socially equitable, strategic, and effective approaches for
research capacity building (Meijaard et al., 2015, O’Connell
et al, 2019). We can identify a general profile of an
African country with high degree of national conservation
research capacity: a large, wealthy country with a low
population growth rate, high literacy rate, a relatively less
urbanized population, and an economy shifting from agri-
culture to other industries such as ecotourism.

Distribution of research across institutions

South Africa dominates the publishing landscape in sub-
Saharan Africa: 11 of the top 15 most productive sub-
Saharan African institutions are South African, and the
remaining institutions produced < 1% of papers with na-
tional primary authors. Overall there is clearly a need for
more and better postgraduate training institutions dedi-
cated to biological conservation for all Africans: in our sam-
ple, many institutions in sub-Saharan Africa produced only
a single paper with a national primary author. Intellectual
export may have resulted in the attribution of some research
carried out by African scientists as non-African. Although
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such research is positive in terms of overall capacity, the
emigration it causes also results in a depletion of the
human resource base that would otherwise encourage fur-
ther national conservation research capacity development
(Habel et al., 2014). To mitigate the negative effects of
intellectual exports, institutions that fund scholarships
for sub-Saharan African students in Western universities
should also invest in conservation employment within
Africa. Jimma University in Ethiopia, a country from
which national primary authors published > 600 papers in
the 30 years of our sample, has implemented this (Habel
et al., 2014). In our sample we located only one paper with
an academic from Jimma University as a primary author,
but as students progress in their academic career this
seems likely to change. Considerable conservation exper-
tise may exist within institutions but, because of a lack of
tradition of publication and because many conservation
students work in the field rather than as academics follow-
ing graduation, this expertise is not visible in bibliometric
analyses. For example, conservation practitioners working in
non-governmental organizations can rarely prioritize the
publication of reports in the scientific literature (Fuller et al.,
2014). The current development of competency frameworks
for professional development in protected areas could be
used to encourage publication skills as a requirement for
middle and higher-level positions (O’Connell et al., 2019).
Donors and grant-makers should continue to support and
encourage publication, so that the scientific literature can
better serve to minimize the gap between researchers and
practitioners.

Trends in primary authorship

Although the proportion of African primary authors to pri-
mary authors from outside the region decreased over time,
we found that this was the result of the high rate of increase
in primary authorship in the USA, UK, and possibly South
Africa, which was greater than the rate of increase in other
sub-Saharan African countries. A previous study concluded
that the contribution of authors from economically less de-
veloped countries has declined over time (Mammides et al.,
2016). All of the top countries for primary authorship that
were not sub-Saharan African countries were more eco-
nomically developed countries and situated predominantly
in Western Europe. South Africa, a country that has a strong
research culture, may account for some regional collabor-
ation (Yevide et al., 2016).

Conclusions

The rationale for conservation research is that it provides
a scientific basis for conservation action (Milner-Gulland
et al., 2010). Assuming the ability to generate peer-reviewed

conservation papers nationally has at least some influence
on national conservation action, our results emphasize the
need to address inequalities in terms of research capacity
in many countries in sub-Saharan Africa. Although our
findings suggest that conservation research capacity in this
region has increased to some extent, considering the low
baseline in 1987, we conclude that development of local con-
servation research capacity, at least as indexed by the output
of peer-reviewed research, has stalled across much, but not
all, of sub-Saharan Africa. This suggests that the link be-
tween science and practice is weak in many countries be-
cause there is limited capacity to publish information re-
lating to conservation, and probably also restricted oppor-
tunity to do so. Given the diversity of social, economic and
demographic contexts across sub-Saharan Africa, there is no
one-size-fits-all approach for conservation research capaci-
ty building, but economic development appears to have a
major influence. But a paradigm shift is needed in the aca-
demic conservation biology community to focus more on
inclusive research capacity development (O’Connell et al.,
2019) because conservation research capacity in sub-Saha-
ran Africa outside South Africa is in need of major devel-
opment.
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