
Chapter 28
Knowing-Doing Continuum
or Knowing-Doing Gap? Information
Flow Between Researchers and Managers
of Biological Invasions in South Africa

Llewellyn C. Foxcroft , Brian W. van Wilgen , Brent Abrahams ,
Karen J. Esler , and Andrew Wannenburgh

Abstract Increasing resources are being allocated both to the management and
research of biological invasions in South Africa. However, as with many natural
resource management and conservation programmes globally, the question remains
as to what extent the science provides the necessary answers for management, and
whether it influences decision-making. This frequently presents as a gap between
knowledge generation and application of research outcomes (‘knowing-doing gap’).
The ideal scenario, a two-way transfer of knowledge along a continuum between
science and management (‘knowing-doing continuum’), would allow for dialogue
between all role-players that will not only transfer research results in support of
management, but communicate management needs to scientists. This chapter
explores how well this continuum has operated in South Africa with regard to
biological invasions. Professionals employed in different positions along a contin-
uum of basic or applied research to technology transfer and implementation are
currently assessed with different performance measures. This drives different
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behaviours, which in turn can impede smooth integration. To counteract this,
different types of communication structures have been developed, although many
have not persisted. The most successful and enduring appear to be voluntary forums
or conference series where researchers and managers are regularly exposed to each
other’s challenges. Scientists who are embedded within management agencies (for
example, Scientific Services units within national parks and provincial conservation
agencies) appear to be well-placed to bridge the gaps that exist, but mechanisms to
evolve into a true knowing-doing continuum still need to be sought for the
South African context. To be more relevant, researchers need to draw on the
experience of managers, better understand the context within which managers
operate, and by which they are constrained, while policy-makers may have to
become more willing to adapt approaches when research suggests that such changes
would be warranted if certain goals are to be achieved.

28.1 Introduction

Numerous studies across the resource management and conservation landscape
call for the need for a credible, robust body of science to underpin decision-
making (Cook et al. 2013; Dicks et al. 2014). The growing concerns about the
impact of biological invasions creates an increasing need for scientific knowledge
to support the development of effective policies and management strategies (Esler
et al. 2010). Policy-makers and managers require information that will underpin
their decisions with robust scientific advice, while scientists wishing to contribute
to global conservation efforts aim to provide information that is internalised and
used. The disconnect between these spheres of practice results in a “knowing-
doing” gap (Esler et al. 2010; Matzek et al. 2014) that can potentially present
barriers to the successful outcome of management programmes and the develop-
ment of effective policies (Cook et al. 2013). As discussed below, these barriers
include differences in reward systems and time frames, as well as the complexity
of managing natural resources (Ntshotsho et al. 2015). South Africa provides
a good opportunity to explore this issue with regard to biological invasions,
given its long invasion history, numerous invasive alien species, high native
species richness, large and long-running research and control programmes, and
an extensive network of engaged researchers (van Wilgen et al. 2014; Abrahams
et al. 2019).

Considerable funding and resources are dedicated to research about, and man-
agement of, biological invasions in South Africa. From the management perspec-
tive, for example, the government’s Working for Water programme has spent
ZAR15 billion on alien plant control operations across South Africa since 1995
and has conducted control operations on an average of about 200,000 ha per year
(van Wilgen et al. 2020, Sect. 21.2). In 2018, the Department of Environmental
Affairs’ Natural Resource Management programmes provided ZAR90 million in
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research funding annually three, while the Centre for Invasion Biology (C�I�B)
operates on a core annual budget of ZAR25 million. In order to generate knowl-
edge that is actionable, it needs to be relevant and context-specific, therefore a
dialogue between scientists and managers is needed to co-produce, translate, and
facilitate the effective utilisation of new knowledge (Roux et al. 2006; Esler et al.
2010).

In this chapter, we describe the organisational environment within which invasive
species research and management operate in South Africa. We discuss how this
“knowing-doing continuum” facilitates the transfer of knowledge between
researchers and managers across a network of basic and applied ecologists, policy-
makers, planners and managers, and we identify weaknesses and discuss how they
can potentially be improved.

28.2 The Role-Players and Challenges in the Knowing-
Doing Continuum in South Africa

Many factors influence the pathways along which creative ideas in scientific journals
must travel before they can be practically applied. In addition, the requirements
of managers often do not reach researchers. The factors that influence information
flow may include reward systems, time frames, and the fact that natural resource
management is complex and involves more than science (Ntshotsho et al. 2015).
Additionally, this journey operates within prevailing socio-political values
(Carruthers 2017; Ntshotsho et al. 2015). Research is not always driven by practical
need; it may be theoretical or driven by curiosity alone. Those who fund research
may require specific outputs, which are not necessarily applied or aligned with
policy and management needs. In cases where research is driven by curiosity
alone, an applied idea could be a by-product that may, or may not, find its way
into the scientific literature. Those ideas that are published are not necessarily seen
by, or accessible to, potential end-users (Esler et al. 2010). Managers require rapid,
implementable solutions and access to knowledge. Unless knowledge is co-created
or actively sought and translated for use by management, practical innovations
reported through scientific literature may remain inaccessible (Roux et al. 2006).

In South Africa, there are at least four broad groups of practitioner’s active along
the biological invasion science-management continuum (Table 28.1). These are
academic (usually university) scientists, science councils, researchers embedded
in conservation agencies and managers (including policy-makers, planners and
implementation managers). These groups produce and process information from
basic research through to application (Fig. 28.1), which is broadly in line with
South Africa’s National System of Innovation, overseen by the Department of
Science and Innovation (NACI 2006).

28 Information Flow Between Researchers and Managers 833



T
ab

le
28

.1
A
ct
iv
iti
es
,
kn

ow
le
dg

e
tr
an
sf
er
,
pe
rf
or
m
an
ce

m
ea
su
re
s
an
d
po

te
nt
ia
l
be
ha
vi
ou

ra
l
re
sp
on

se
s
as
so
ci
at
ed

w
ith

fo
ur

ph
as
es

of
th
e
bi
ol
og

ic
al

in
va
si
on
s

kn
ow

in
g-
do

in
g
co
nt
in
uu

m
in

S
ou

th
A
fr
ic
a

P
ha
se

of
th
e

kn
ow

in
g-
do

in
g

co
nt
in
uu

m
P
ra
ct
iti
on

er
s
in

S
ou

th
A
fr
ic
a

A
ct
iv
iti
es

M
et
ho

ds
of

re
ce
ip
t
an
d

di
ss
em

in
at
io
n
of

in
fo
rm

at
io
n

K
ey

pe
rf
or
m
an
ce

m
ea
su
re
s

B
eh
av
io
ur
al
re
sp
on

se
s

B
as
ic
an
d
ap
pl
ie
d

re
se
ar
ch
.

A
ca
de
m
ic
re
se
ar
ch
er
s,

us
ua
lly

ba
se
d
at

un
iv
er
si
tie
s.

R
es
ea
rc
h
in
to

a
w
id
e

ra
ng

e
of

as
pe
ct
s,

of
te
n
cu
ri
os
ity

-
dr
iv
en
.

T
ra
in
in
g
of

st
ud

en
ts
.

R
ec
ei
pt
:
G
ap
s
in

kn
ow

le
dg

e
id
en
tifi

ed
in

th
e
sc
ie
nt
ifi
c

lit
er
at
ur
e;
in

so
m
e
ca
se
s,

di
re
ct
di
sc
us
si
on

w
ith

po
te
nt
ia
l
en
d-
us
er
s.

D
is
se
m
in
at
io
n:

R
es
ea
rc
h
pu

b-
lic
at
io
ns
,a
nd

or
al
pr
es
en
-

ta
tio

ns
at
sy
m
po

si
a.

R
es
ea
rc
h
re
su
lts

us
ua
lly

in
th
e

pu
bl
ic
do

m
ai
n.

N
um

be
r
of

ar
tic
le
s

pu
bl
is
he
d
in

th
e
pe
er
-

re
vi
ew

ed
lit
er
at
ur
e.

S
ci
en
tifi

c
qu

al
ity

of
ar
tic
le
s

(o
ft
en

us
in
g
jo
ur
na
l

ra
nk

in
g
in
di
ce
s)
.

N
um

be
r
of

gr
ad
ua
te
s.

R
es
ea
rc
h
m
ay

la
ck

di
re
ct

m
an
ag
em

en
t
re
le
va
nc
e;
as

lo
ng

as
go

od
sc
ie
nt
ifi
c

pa
pe
rs
ar
e
pu

bl
is
he
d,

th
e

ap
pl
ic
ab
ili
ty

of
th
e
fi
nd

in
gs

is
no

t
ne
ce
ss
ar
ily

a
pr
io
ri
ty
.

S
tu
de
nt
s
ar
e
ex
pe
ct
ed

to
gr
ad
u-

at
e
as

qu
ic
kl
y
as

po
ss
ib
le

(w
ith

in
2
ye
ar
s
fo
r
m
as
te
rs

an
d
3
ye
ar
s
fo
r
do

ct
or
al

ca
nd

id
at
es
),
re
su
lti
ng

in
sh
or
t-
te
rm

re
se
ar
ch
.

D
ir
ec
te
d
ap
pl
ie
d

re
se
ar
ch
.

S
ci
en
ce

co
un

ci
ls

(C
ou

nc
il
fo
r
S
ci
en
-

tifi
c
an
d
In
du

st
ri
al

R
es
ea
rc
h;

A
gr
ic
ul
-

tu
ra
l
R
es
ea
rc
h

C
ou

nc
il)
.

S
ou

th
A
fr
ic
an

N
at
io
na
l

B
io
di
ve
rs
ity

In
st
itu

te
.

R
es
ea
rc
h
ai
m
ed

at
ad
dr
es
si
ng

pr
ob

-
le
m
s
re
qu

ir
in
g

sc
ie
nc
e-
ba
se
d

so
lu
tio

ns
,o

ft
en

fu
nd

ed
by

cl
ie
nt
s

w
ith

sp
ec
ifi
c

ne
ed
s.

R
ec
ei
pt
:
U
se
r-
ne
ed
s
an
al
ys
es

an
d
ho

ri
zo
n-
sc
an
ni
ng

ex
er
ci
se
s;
ca
lls

fo
r

re
se
ar
ch

pr
op

os
al
s.

D
is
se
m
in
at
io
n:

R
ep
or
ts
to

cl
ie
nt
s;
de
ci
si
on

-s
up

po
rt

m
od

el
s;
sy
st
em

s
fo
r

pr
io
ri
tis
at
io
n,

m
on

ito
ri
ng

an
d
ev
al
ua
tio

n;
re
se
ar
ch

pu
bl
ic
at
io
ns
,a
nd

or
al
pr
e-

se
nt
at
io
ns

at
sy
m
po

si
a.

A
cc
es
s
to

cl
ie
nt

re
po

rt
s
at
th
e

di
sc
re
tio

n
of

th
e
cl
ie
nt
s.

A
m
ou

nt
of

fu
nd

in
g
se
cu
re
d

fo
r
re
se
ar
ch
.

C
lie
nt

sa
tis
fa
ct
io
n.

N
um

be
r
of

ar
tic
le
s

pu
bl
is
he
d
in

th
e
pe
er
-

re
vi
ew

ed
lit
er
at
ur
e.

R
es
ea
rc
h
de
si
gn

ed
to

m
ee
t
sp
e-

ci
fi
c
ne
ed
s
of

cl
ie
nt
s;

re
se
ar
ch

is
of
te
n
sh
or
t-
te
rm

.
S
ec
ur
in
g
fu
nd

s
an
d
m
ee
tin

g
cl
ie
nt

ne
ed
s
gi
ve
n
hi
gh

er
pr
io
ri
ty

th
an

sc
ie
nt
ifi
c
pr
o-

du
ct
iv
ity

(e
.g
.p

ap
er
s
in

jo
ur
na
ls
).

834 L. C. Foxcroft et al.



T
ec
hn

ol
og

y
tr
an
sf
er
.
E
m
be
dd

ed
re
se
ar
ch
er
s

in
co
ns
er
va
tio

n
ag
en
ci
es
.

E
ns
ur
in
g
th
at
m
od

el
s

an
d
sy
st
em

s
ar
e

ad
ap
te
d
fo
r
lo
ca
l

co
nd

iti
on

s.
M
on

ito
ri
ng

an
d
ev
al
-

ua
tio

n
of

ou
t-

co
m
es

of
m
an
ag
em

en
t.

P
ol
ic
y
an
d
m
an
ag
e-

m
en
t
pl
an

de
ve
l-

op
m
en
t/s
up

po
rt
.

R
ec
ei
pt
:
R
es
ea
rc
h
ne
ed
s

ex
pr
es
se
d
by

in
-h
ou

se
m
an
ag
er
s;
di
re
ct
pa
rt
ic
ip
a-

tio
n
in

m
an
ag
em

en
t
an
d

pl
an
ni
ng

w
or
ks
ho

ps
.

D
is
se
m
in
at
io
n:

D
ir
ec
t
in
pu

ts
in
to

po
lic
y
do

cu
m
en
ts
an
d

m
an
ag
em

en
t
pl
an
s;

re
se
ar
ch

pu
bl
ic
at
io
ns

an
d

or
al
pr
es
en
ta
tio

ns
at

sy
m
po

si
a.

C
on

tr
ib
ut
io
ns

to
th
e
de
ve
l-

op
m
en
t
of

m
an
ag
em

en
t,

m
on

ito
ri
ng

an
d
ev
al
ua
-

tio
n
pl
an
s;
m
an
ag
em

en
t

re
co
m
m
en
da
tio

ns
ba
se
d

on
th
e
ou

tc
om

es
of

m
on

ito
ri
ng

.
N
um

be
r
of

ar
tic
le
s

pu
bl
is
he
d
in

th
e
pe
er
-

re
vi
ew

ed
lit
er
at
ur
e.

R
es
ea
rc
h
m
or
e
lik

el
y
to

be
re
le
-

va
nt
,a
nd

to
be

ad
op

te
d,

du
e

to
em

be
dd

ed
na
tu
re

of
re
se
ar
ch
er
s
an
d
cl
os
er

co
lle
-

gi
al
tie
s
w
ith

m
an
ag
er
s.

A
bi
lit
y
to

in
vo

lv
e
ex
te
rn
al

re
se
ar
ch
er
s
by

of
fe
ri
ng

op
po

rt
un

iti
es

to
w
or
k
in

pr
ot
ec
te
d
ar
ea
s.

P
ol
ic
y

de
ve
lo
pm

en
t
an
d

m
an
ag
em

en
t

ac
tio

n
im

pl
em

en
ta
tio

n.

M
an
ag
er
s
(i
nc
lu
di
ng

po
lic
y-
m
ak
er
s,

pl
an
ne
rs
,m

on
ito

r-
in
g
st
af
f,
an
d
th
os
e

im
pl
em

en
tin

g
co
n-

tr
ol

pr
oj
ec
ts
)

C
on

se
rv
at
io
n

au
th
or
iti
es
,m

un
ic
i-

pa
lit
ie
s,
pr
iv
at
e

la
nd

ow
ne
rs
.

Im
pl
em

en
ta
tio

n
of

m
an
ag
em

en
t

pl
an
s.

R
ec
ei
pt
:W

eb
si
te
s,
ne
w
sl
et
te
rs

an
d
be
st
pr
ac
tic
e
gu

id
e-

lin
es
;
di
sc
us
si
on

s
w
ith

m
an
ag
em

en
t
co
lle
ag
ue
s;

so
m
e
co
ns
ul
ta
tio

n
of

sc
i-

en
tifi

c
lit
er
at
ur
e.

D
is
se
m
in
at
io
n:

C
al
ls
fo
r
pr
o-

po
sa
ls
fo
r
re
se
ar
ch

to
m
ee
t

sp
ec
ifi
c
ne
ed
s;
or
al
pr
e-

se
nt
at
io
ns

at
sy
m
po

si
a
an
d

w
or
ks
ho

ps
.

N
um

be
r
of

jo
bs

cr
ea
te
d.

N
um

be
r
of

he
ct
ar
es

tr
ea
te
d.

M
on

ey
sp
en
t.

Id
ea
lly

,a
ch
ie
ve
m
en
to

f
th
e
go

al
s
of

m
an
ag
em

en
t

pl
an
s,
w
he
re

th
es
e
ex
is
t

(e
.g
.r
ed
uc
tio

ns
in

th
e

ex
te
nt

an
d
im

pa
ct
s
of

in
va
si
ve

al
ie
n
sp
ec
ie
s)
.

M
an
ag
er
s
ca
rr
y
he
av
y
ad
m
in
is
-

tr
at
iv
e
lo
ad
s,
gi
vi
ng

lim
ite
d

tim
e
fo
r
as
se
ss
in
g
an
d

ex
pe
ri
m
en
tin

g
w
ith

al
te
rn
a-

tiv
e
pr
ac
tic
es
.

F
ew

in
ce
nt
iv
es

to
re
co
rd

le
ss
on

s
fr
om

m
an
ag
em

en
t-
ba
se
d

ac
tio

ns
.

28 Information Flow Between Researchers and Managers 835



Each of these groups is largely driven by different reward systems, which dictate
their priorities, how (or whether) knowledge is communicated between them, and
their relative contribution to policy and management decisions (Table 28.1).
Research can further be broadly separated into ‘basic’ and ‘applied’, the former
referring to research aimed at advancing the underlying theoretical knowledge base,
while applied research is largely orientated towards problem-solving. Universities
that do basic and applied research are principally funded by the Department of
Higher Education and Training, whose grants to the universities are proportional to
the number of papers published in recognised, peer-reviewed journals, and to the
number of students who graduate. The objective of this system is to generate basic
and applied research, and to build capacity through the training of graduates.
However, the nature of the research itself, or the topics of dissertations, are not
always considered. The performance of researchers is therefore assessed by the

Fig. 28.1 Conceptual diagram illustrating the knowing-doing continuum, in which information
flows in both directions between researchers and ecosystem managers. Different players (aca-
demics, researchers and managers) have a focus on different positions along the continuum (basic
and applied research, technology transfer and implementation). The monitoring of outcomes will
allow for feedback to researchers, who in turn could adapt research to address emergent needs, thus
underpinning evidence-based, adaptive management
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number of papers produced and the standing of the journal according to various
‘impact factor’ ranking systems, and not necessarily by the focus of the research
itself.

The science councils (e.g. the Council for Scientific and Industrial Research, or
the Agricultural Research Council) receive some funding from the central govern-
ment, but are expected to secure an increasing proportion of their funding from
external clients. Science councils were established to conduct applied research and to
develop science-based solutions to issues deemed to be important (Scholes et al.
2008). To this end, much of their research is funded by external clients, an approach
intended to ensure that the research itself has relevance. The research contracts
between science councils and external clients are normally quite specific with regard
to the required outputs. In the case of biological invasions, clients include the
government’s Natural Resource Management Programmes (Working for Water) or
international funders. Researchers in science councils are evaluated in terms of
meeting “sales targets” (i.e. securing contracts with external funders) and “client
satisfaction” (i.e. whether or not the client approved of the products produced or
service provided). With respect to biological invasions, clients have usually been
satisfied with research findings that clearly demonstrate the magnitude of negative
impacts of invasive species, as such findings can be used to justify requests for
greater funding for control measures. This work involves both basic research and the
synthesis of findings. It includes, for example, demonstrations that alien plant
control should deliver water at lower cost than building new dams (van Wilgen
et al. 1997) or that biological control delivers high returns on investment (van
Wilgen and De Lange 2011). They seldom assess the effectiveness of management
systems that may have been developed, as the clients, in turn, are often measured by
input rather than output variables (e.g. jobs created or money spent, Table 28.1).

Managers of government-funded alien plant control projects have very clear
targets that need to be achieved as a measure of success—the number of hectares
cleared, the cost per person-day achieved (which has to be kept low to increase the
number of people employed) and money spent (if the money allocated to a project is
not effectively disbursed, then the person-days target will be missed). These are
input and output-based metrics, and outcome metrics such as restored water flow and
quality, or biodiversity and ecosystem services that represent the real long-term
success of control are not considered. The response by an interviewee during a study
on adaptive management of invasive plants (Loftus 2013) clearly illustrates some
manager’s challenges: “They [decision makers and politicians] couldn’t care about
the environment, all they care about is person-days . . . If you can’t put a price tag on
it that says ‘person-days’ then they’re not interested.”, “. . . you focus only on those
targets . . . you chase person-days and hectares, and your budget must be spent on
time . . . you are always chasing this.” In this environment, it is perhaps not
surprising that on-the-ground managers find little time to focus on improving the
effectiveness of alien species control projects by incorporating the latest research
findings, as it will do little to improving their personal performance ratings.

28 Information Flow Between Researchers and Managers 837



Agency-embedded scientists perhaps provide one model that can successfully
integrate science and management, by virtue of being employed by a management
organisation to advise and support policy and management (Cook et al. 2013; Roux
et al. 2019). Agency-embedded scientists practice technology transfer, and occupy a
position on the knowing-doing continuum between applied research and implemen-
tation. Agency scientists also carry out their own problem-orientated research that
can be focused directly on the needs of management of the area. For example, a
study on published research in South African National Parks (SANParks, van
Wilgen et al. 2016a) found that embedded authors are “ . . . more highly connected
and influential than external researchers, leveraging and connecting many research
projects . . . ”, and therefore able to direct some of the science agenda to the park’s
management needs. Similarly, a review of ecological research and conservation
management in the Cape Floristic Region (van Wilgen et al. 2016b) stated that it
was “. . . clear from the experience that followed the publication of the Wicht
Committee’s (Wicht 1945) report that much benefit was gained from the long-term
partnership between research and management . . .”. It was further noted that (with
respect to the development policies and management plants for catchment areas)
“throughout this . . . cycle of policy-making and planning, [embedded] research
scientists made contributions based on the scientific knowledge of the day; each
policy and plan was completed only after consultation with the research scientists”
(van Wilgen et al. 2016b).

28.3 Efforts to Promote the Exchange of Ideas Between
Managers and Researchers

Despite the fact that performance measures differ substantially between the four
groups, and that these do not necessarily promote an effective knowing-doing
continuum, it is also true that individual researchers and managers share common
goals regarding the management of biological invasions. In South Africa, a relatively
small and well-connected community of practitioners across all the four groups
provides opportunities for individuals to interact and exchange ideas on a fairly
regular basis, despite being employed by different agencies (van Wilgen 2020, Sect.
2.14). A variety of fora, symposia, panels and working groups have been initiated
over time to promote and share expertise between managers and scientists
(Table 28.2). In addition, there are examples of direct collaboration between
researches and managers, for example the establishment of mass-rearing facilities
for biological control agents (Box 28.1).
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Box 28.1 Mass-Rearing of Biological Control Agents: An Example
of the Direct Implementation of Research Results
Until the mid-1990s, most South African work on weed biological control was
conducted by researchers, including the mass rearing, release and post-release
monitoring of agents. By-and-large, this worked well, with a relatively high
rate of establishment of agents, but for some agents (e.g. Pareuchaetes species
on Chromolaena odorata, TriffidWeed) establishment could only be achieved
by large-scale mass-rearing which was beyond the capacity of research orga-
nisations. As control programs became more widespread in South Africa after
1995, the demand for agents increased substantially. An ‘implementation’
programme was thus set up in the late 1990s (Gillespie et al. 2004), with the
aim of mass-rearing biological control agents for release, and monitoring their
establishment success. Several mass-rearing centres were set up around the
country, and implementation officers were employed. Interaction between
researchers and implementers was encouraged, with both implementers and
researchers attending the annual meeting on biological invasions (Table 28.2).
Although this programme has facilitated the release of biological control
agents throughout the country, the project has faced challenges. Several
mass-rearing centres failed due to funding issues; most lacked sufficient
biological control expertise; implementation officers were assigned additional
responsibilities not relevant to mass-rearing; and structured cooperation and
feedback loops between researchers and implementers were lacking
(e.g. introducing uncertainty about which agents to mass-rear, how many to
release, or when the use of biological control was indicated). Often, inadequate
distinction was made between agents whose establishment or efficacy was not
yet proven, and agents which had already been shown to be effective but
needed further redistribution. There was thus ongoing uncertainty about where
the dividing line between research and implementation lay on the continuum
between these activities. Nevertheless, the implementation programme has
substantially increased the number of biological control releases made in the
country and the number of plants with active biological control implementa-
tion programmes in operation, and has doubtlessly improved the level of
control for many invasive alien plant species (Zachariades et al. 2017).

One of the oldest and most successful symposia originated in 1973, in the form of
an annual meeting of biological control scientists (Wilson et al. 2017). These
meetings ultimately grew into much larger meetings where the integration of science
and management were discussed. They have led to the development of a common
understanding regarding the need for biological control, leading to increased and
sustained funding for research (Moran et al. 2013), and the development of joint
approaches to implementation (Box 28.1).

Other groups and regional meetings have been effective in stimulating applied
research and its uptake, for example the Cape Invasive Animal Working Group (van
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Wilgen et al. 2014; Davies et al. 2020) and the KwaZulu-Natal Invasive Alien
Species Forum. Other taxon-specific national working groups have also been
established to focus research efforts and provide fora for stakeholders to discuss
issues, for example the Cactus Working Group (Kaplan et al. 2017) and the Alien
Grass Working Group (Visser et al. 2017). A long established forum—the Fynbos
Forum—was initiated in the 1970s (Gelderblom and Wood 2018). The Fynbos
Forum was considered to play “. . . a unique role in bringing together participants
from science, management, policy and planning to extend the boundaries of knowl-
edge and practice—promoting a culture of collaboration . . .” (Gelderblom and
Wood 2018).

Working for Water also initiated a biological control research advisory panel
(RAP) in 1997 to guide the direction of research and to review the quality of outputs.
Prior to this intervention, the selection of plants targeted for biological control was
made entirely by the research community. When the government’s Working for
Water (WfW, see van Wilgen and Wannenburgh 2016) programme was initiated in
1995, the manager of the Weeds Research Division of the Plant Protection Research
Institute (PPRI), Dr. Helmuth Zimmermann, approached WfW’s Steering Commit-
tee, outlining the available expertise in the field of biological control, and stressing
the importance of the approach. As a result, Working for Water funded (and
continues to fund) research into biological control (van Wilgen et al. 2016c;
Moran et al. 2013). Later, RAPs were set up for other areas of research, including
ecological, hydrological, social and operations research. The biological control RAP
has remained active for over 20 years, but the other RAPs were arguably less
influential. In 2014 RAPs (other than the biological control RAP) were replaced
by a forum that intended to exchange information between managers, researchers
and planners (MAREP meetings).

MAREP meetings were modelled on similar meetings that were held between
managers, planners and embedded researchers in the Department of Forestry in
the 1970s and 1980s. The system was adopted by WfW in 2014, and ran until
2017. On average, WfW’s MAREP meetings attracted 30 participants, of whom
20 were managers, nine were researchers and one was a planner. RAP meetings were
discontinued after 2017, as senior managers in WfW felt that it would be more useful
to invest research funding into “rapid research” with a focus on ad hoc problems, as
there was a perception that the RAP process was too slow (C Marais pers. comm. to
AW).

28.4 Manager’s Perceptions and Needs

There have been a limited number of studies that have attempted to address aspects
of the knowing-doing gap in biological invasions in South Africa. Esler et al. (2010)
concluded, based on a survey of relevant scientific papers in the field of invasion
biology in South Africa, that most research had been aimed at “knowing” rather than
at “doing”. “Doing” papers were poorly represented in the scientific literature, and
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the scale of their emphasis was not local, i.e. researchers tended to focus on broad
principles or processes over relatively large spatial scales, while managers often
experienced problems with specific species in particular local areas, and where they
found it difficult to apply broader concepts. Shaw et al. (2010) used structured
symposia involving managers and researchers to explore how well such interven-
tions might facilitate knowledge transfer. They concluded that the exchanges were
useful, but that the use of complex terminology and a lack of context-specific
solutions hampered knowledge transfer. McConnachie and Cowling (2013) carried
out an exercise to establish whether managers would be willing to change their
beliefs after being exposed to evidence-based findings. When managers were shown
that their historical control efforts had not been as effective as they believed, they
were willing to revise their perceptions. Surprisingly, though, they still believed it
would be possible to achieve very ambitious goals, despite evidence to the contrary.
There are a number of possible explanations for this result. The first is “optimism
bias”, a well-documented phenomenon in which managers over-estimate their ability
to achieve targets; secondly, there could be an anchoring effect, where managers find
it difficult to move too far from their original goals; and finally it may be because of a
high degree of perceived uncertainty in the research results (McConnachie and
Cowling 2013, and references therein). Ntshotsho et al. (2015), in response to
complaints from researchers that their findings were rarely used, investigated the
factors that constrained manager’s ability to use research findings. They concluded
that “the use of scientific evidence is limited by the fact that the management of
natural resources involves much more than science”. The social context within
which managers have to work, the bureaucracy that they have to deal with, and
the fact that they have to achieve multiple, often competing, goals all constrain the
effective use of research results.

A study in 2018 on the value of research to WfW project managers (AW unpubl
data) aimed to determine how managers use the scientific literature and what
questions managers would like to have answered to be more effective at controlling
invasive alien species. Questionnaires were sent to 300 WfW managers, and of the
66 respondents about 35% cited “Websites, newsletters and best management
practice guidelines” as their primary source of information (Fig. 28.2). Thereafter,
about 25% cited “Conversations with other managers” and only 17% indicated that
they consulted peer-reviewed journal articles. Nearly 40% indicated that they did not
have access to peer-reviewed journals (although there was no indication of whether
they would use the articles if they did have access). Only about 25% felt that they did
not have the necessary expertise to understand the articles, or felt such content was
not of use to them. More than a third of the respondents indicated that they did not
have time to search for and read articles. This is similar to the findings of Loftus
(2013) regarding the adaptive management of biological invasions in South African
National Parks, where all interviewees cited lack of time for reflection, knowing
there are problems but not being able to experiment to improve outcomes. These
challenges are not only a South African problem. In a similar assessment of land
managers in The Nature Conservancy (Kuebbing and Simberloff 2015), 94% of the
managers stated that their primary information source was from colleagues and other
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contacts that manage alien species. Only 45% reported that they also use peer-
reviewed literature. A survey of Californian managers of biological invasions also
revealed that peer-reviewed journals were seldom used by managers as a source of
information, and that they relied primarily on informal conversations with other
managers, and their own experiments or monitoring to inform their work (Matzek
et al. 2014).

28.5 Formulation of Research Questions by Managers

In the study on the value of research to WfW project managers (AW unpublished
data), 45% of the managers agreed with the statement that “manager’s priorities are
well-represented in research agendas”. In response to the question “What research
questions do you most need answered, in order to be effective at managing inva-
sions?” the respondents suggested 86 topics (see Box 28.2 for a sample). These were
then categorised into three groups, with basic science making up 20% of the topics,
applied science making up 34%, and interdisciplinary research constituting 46% of
the topics. Of the basic science topics (Fig. 28.3a), the most important were on the
range and abundance of invasive alien plants (>30%), followed by biological
control (>20%, although biological control can also be considered to be applied
research). Regarding applied research (Fig. 28.3b), treatment effectiveness appears
to be a high concern, with >70% of the suggested research topics. Interdisciplinary
research (Fig. 28.2c) was dominated by a need for research around strategy devel-
opment. Interestingly, while 45% of the managers felt that their priorities were
represented, only 17% of the managers used peer-reviewed journal articles as their
source of information (Fig. 28.1).

Fig. 28.2 The most important sources of information that managers use. Data are from a survey of
300 managers, of which there were 66 respondants (AW, unpubl data)
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Box 28.2 A Sample of Research Questions Identified by Managers
We requested managers to identify research questions that they regarded as
important, and that would provide information that could help them to
improve the effectiveness of their alien species control projects. We received
86 suggestions, and a sample of these is presented here, categorised by type
and topic of research (see also Fig. 28.2). We have edited managers’ short-
hand notes for clarity.

Type of
research Topic of research Questions

Basic Range and
abundance

Is it possible that the invasive alien trees can be
completely cleared?

What drives the distribution and spread of invasive
alien plants?

What is the extent of biological invasions, and what
will it cost to manage them?

Biological control What impact have the biological control agents
released over last 60 years had?

How do different biological control agent species
interact on same target plant?

How does climate affect the effectiveness of biolog-
ical agents in different parts of the country?

Impact What are the impacts of management of alien plants
on water resources?

Global change How will alien biota respond to climate change?
Emerging species Which alien species should we be managing now,

before they become a problem?
Applied Treatment

effectiveness
What other effective methods can be utilised without

applying herbicides, i.e. reducing the herbicide
footprint and funds spent on herbicide, but still
achieving our management goals?

How can we assess the effectiveness of control
methods?

Is it possible to effectively control Parthenium
hysterophorus? If yes, how, and if no, what are
the potential problems?

Can we develop a proper tool to accurately estimate
alien plant density?

Can we develop monitoring systems that are easy to
understand, cost effective and practical to
implement?

How effective has the early detection and rapid
response programme been since inception?

How successful has the integration of mechanical
and chemical control with biological control
been?

(continued)
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28.6 Management Recommendations Made by Researchers

Many papers published by researchers in the field of biological invasions contain
recommendations for managers. In some cases, these recommendations are quite
detailed, while in others they appear almost as an afterthought arising from the main
research topic. Almost universally, these recommendations are not directly adopted
by managers, for a number of reasons, discussed below. A study by one of us
(Abrahams et al. 2019) assessed the output from 364 scientific journal articles

Are our current invasive species clearing methods
having a positive impact on biodiversity conser-
vation and on ecosystems? How can this be
maximised and be made part of the prioritisation
process?

Can frequent (short return-interval) fires be used to
control pines (Pinus species) and hakea (Hakea
species) that are inaccessible?

Rehabilitation How can we rehabilitate sites post-clearing, espe-
cially where the soil nutrients have been
depleted? Also rehabilitation in protected areas.

How can we improve the prioritisation of invasive
alien plant control so as to best restore
ecosystems?

Does clearing of invasive alien plants help to
increase the population of native plants and, if
not, what should be done to stimulate the popu-
lation growth of native plants?

Cost-
effectiveness

How much does it cost to manage a species at dif-
ferent stages of density and invasion?

Can we develop cost-effective methods to deal with
dense infestations of pines (Pinus species) and
hakea (Hakea species) that are inaccessible;
evaluating the short-interval controlled burns?

Interdisciplinary Resource
economics

What is the economic value of riparian restoration
verses the economic loss through degradation as
a result of riparian invasion?

How do we ensure the cost-effectiveness of invasive
species control over time?

Can we improve the confidence levels of ecological
assumptions in economic analysis of land reha-
bilitation and maintenance?

Capacity-building Can we evaluate, using case studies, how effective
we have been in capacitating local stakeholders
to be able to carry out effective project planning
and implementation?

How effectively, or to what extent, have environ-
mental education initiatives contributed to the
fight against invasive species?
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Fig. 28.3 Perceptions of Working for Water project managers to the importance of different topics
on the science agenda in South Africa. (a) basic science, (b) applied science, (c) interdisciplinary
science
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funded or co-funded by WfW over 20 years (1997–2017). An assumption may be
made that WfW provided funds for studies that were largely intended to benefit the
programme’s implementation. However, the study showed that only about 55% of
the articles made explicit recommendations towards management practices, strategy,
or future research needs. Of the 201 articles that did make recommendations,
mechanical and chemical control (27.5%), biological control (26.5%), and improv-
ing monitoring efforts (21%) were the most frequently-mentioned. With respect to
management strategy, 24.5% of the articles recommended improvements to strategy
development and management planning. The topics covered by this research were all
important priorities for managers, who have an ongoing need for research support
(see Fig. 28.2 and Box 28.2). This includes the adoption of adaptive management
and participatory approaches to management, and the need for the development of
species, area, and pathway-based management strategies. Researchers recognised
the need to collaborate with managers and other stakeholders, as suggested by 23.1%
of articles, in the monitoring of the effectiveness of control measures, in such a way
that adaptive management can be promoted and used for controlling invasions.

Although there is a recognised need for guidance from research, a number of
important obstacles to the uptake of recommendations are evident. While the number
of recommendations and other information available to guide management decision-
making is growing, the information is still largely inaccessible. Only 27.2% of all the
articles assessed were published in open-access journals (BA unpubl data), making
the remaining research unavailable to those without journal subscriptions. Further-
more, WfW, through several associated websites, have only made 4.4% of the
364 articles that they funded or co-funded available to their managers. Research
published in ‘grey literature’, also tends to be inaccessible even when funded by
government (Lawrence et al. 2015). It would therefore be naive to expect that all
managers would have the time, or the ability, to locate recommendations relevant to
their particular issues from widely scattered and often inaccessible sources. As such,
there are increasing calls for the improvement of information access and exchange
between stakeholders (23.1% of articles containing management recommendations)
to improve the uptake of knowledge. Clearly, making recommendations to managers
in research publications, while important, remains a first step, and much more needs
to be done to ensure eventual uptake.

28.7 Researcher’s Recommendations and Managers Needs

There are many critiques in the academic literature about the failure of managers to
apply research findings for improving implementation, but in many cases scientists
fail to understand and appreciate the environment in which managers have to make
urgent, short-term decisions (Ntshotsho et al. 2015). South Africa’s management of
invasive alien plants, almost exclusively funded by WfW, has been applauded
globally (e.g. Koenig 2009). Despite this recognition, there are challenges and
problems. Studies that have assessed management effectiveness have shown that
the cover of invasive alien plants has been successfully reduced in some localised
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areas, but it continues to grow in others (van Wilgen et al. 2020, Chap. 21; van
Wilgen and Wilson 2018). Currently, mechanical and chemical control measures
have largely failed to check plant invasions at a national scale. Some of the
contributing factors include the absence of effective prioritisation, goal-setting and
planning; monitoring of inputs rather than of outcomes (i.e. reductions in the range
and impacts of invasive alien species); multiple goals that lead to confusion over
priorities; the fact that the actual costs of control far exceed the estimated costs; a
failure to adhere to accepted best practices and standards; and complex contracting
and employment models.

Does the identification and publication of these “contributing factors” filter
through to managers, and if so, have they changed the way in which they operate
as a result? One problem is that these studies often make recommendations that do
not consider additional social, and operational demands, and that make it difficult for
managers to accommodate suggestions (Ntshotsho et al. 2015). Another is that the
published papers may not have come to the notice of managers. However, there are
examples of recommendations that have emerged from research that managers are
aware of, and that could have been implemented, but have not. For example, van
Wilgen et al. (2016a) suggested that “The essential element of an improved man-
agement approach would be to practice conservation triage, focusing effort only on
priority areas and species, and accepting trade-offs between conserving biodiversity
and reducing invasions.” This would in essence mean that managers would have to
abandon projects in areas where they had worked for some time to be able to focus
on others, and to cease control efforts on some species to be able to focus on others.
Managers have proved to be very reluctant to do this, even when presented with clear
evidence that current approaches will not succeed in containing the spread of
invasive plants.

The situation in the Fynbos Biome provides an example, where projects are under
way to clear invasive pines (Pinus) and wattles (Acacia) from water catchment areas.
In this biome, van Wilgen et al. (2016a) estimated that existing levels of funding
were insufficient to bring the invasions under control, but recommended that steps
could be taken to effectively reverse spread. The proposed steps included directing
funds away from low priority areas to areas of higher priority, and to focus all effort
on pines rather than wattles (because pines would potentially spread further, and,
unlike wattles, they have no effective biological control in place). Managers are
probably reluctant to do this because of “optimism bias” or “anchoring effects” (see
Sect. 28.4), but there are other reasons. Foremost among these is that closing projects
in low-priority areas to strengthen control efforts elsewhere would lead to the local
loss of employment. Even though a similar number of jobs could be created in the
high-priority area, such decisions would be highly unpopular politically, and are
unlikely to be supported by senior bureaucrats or politicians.

The above brief discussion illustrates an important disconnect in the knowing-
doing continuum. Researchers are understandably frustrated that their assessments
of management progress (or lack of it), and their proposals for ways to address this
seem to fall on deaf ears. On the other hand, as shown above, managers point to
aspects of their work that are not considered by researchers (Ntshotsho et al. 2015).
In addition, senior managers of biological invasions in South Africa repeatedly
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emphasise that the job-creation aspects of the programme are the most important to
the politicians that hold the purse strings, and that if the researcher’s calls to direct
funds to more efficient, but less labour-intensive solutions were heeded, then the
levels of funding currently enjoyed could drop by orders of magnitude (GP Preston
pers. comm. to BvW). The challenges of promoting uptake of evidence-based
recommendations are not unique to South Africa. For example, in Australia, exten-
sive government-funded and volunteer programs aimed at stopping the advance of
invasive Rhinella marina (Cane Toads) failed to halt or even slow their spread.
Despite clear scientific evidence that management could never be effective—given
the fecundity of the species concerned—and that the ecological harm caused by
R. marina was not as severe as predicted, aggressive control programs continued
unabated for many years (Shine 2018). High-level leadership and intensive collab-
oration between senior players from the different sectors of the knowing-doing
continuum in South Africa would be needed if the research is to remain relevant,
and if evidence-based recommendations are to be adequately considered. Given that
managers and researchers essentially share the same goals, this should be possible, at
least through adopting a national-level adaptive management approach informed by
all role-players, and aimed at continuous improvement.

28.8 Conclusions

In South Africa, all of the necessary elements of the knowing-doing continuum
appear to be in place. Universities, science councils, embedded researchers and
scientifically-trained managers all operate at different positions along the continuum.
However, the performance measures used to evaluate individuals employed by these
organisations differ substantially, and they drive different behaviours. As a result,
there are often disconnects when it comes to knowledge-sharing between the four
groups. On the positive side, though, there are many opportunities (regular sympo-
sia, fora and working groups) for scientists and managers to interact and exchange
ideas. These ongoing opportunities for two-way communication along the knowing-
doing continuum continue to promote information transfer and a sense of shared
purpose. South Africa also has a relatively small and well-connected ecological
community who, by-and-large, share common goals. This means, at least, there is
broad agreement on desired outcomes, even if there are differences about the means
by which they should or could be achieved.

A study by van Wilgen and Wilson (2018) argued that there are several weak-
nesses in South Africa’s approach to the control of biological invasions. They
include a lack of clear goals; no, or inadequate medium-term plans; the vagaries of
uncertain funding; and an almost total absence monitoring of outcomes. Without
clear goals, and rigorous monitoring, the implementation of an effective system of
adaptive management will remain elusive. Managers, policy makers and scientists
therefore need to agree on achievable goals (Metzger et al. 2017). If a system of goal
setting and monitoring can be agreed on, and implemented, this could pave the way
for fruitful collaborations between researchers and managers. A start has been made
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by defining a set of national-level indicators of the status of biological invasions
(Wilson et al. 2018), but much remains to be done.

In conclusion, it can be stated that the effective transfer of research results to
support-evidence-based management will remain challenging in the field of biolog-
ical invasion management in South Africa. There are gaps in the knowing-doing
continuum, both because researchers do not always fully appreciate the complexities
of the environments in which managers have to operate, because new research
results are not always readily available to managers, and because managers are
prevented from implementing recommendations because they have to meet addi-
tional competing goals (or, alternately, that they are reluctant to accept that their
considerable efforts are not achieving the desired outcomes). Researchers should
perhaps pay more attention to the ultimate outcomes of a failure to bring biological
invasions under control, at least in priority areas. Indications are that losses of water
resources, livestock production and biodiversity due to biological invasions could
have enormous negative impacts on South Africa’s economy—and avoiding these is
arguably far more important than maintaining a focus on short-term benefits, such as
employment creation. The knowing-doing continuum, as we have framed it here,
goes from basic researchers at one end to managers at the other, but clearly it needs
to go further to include senior bureaucrats and politicians if progress is to be made.
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