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by proximity to invaded sites and density of stream-
road crossings, suggesting it was human assisted. 
Brown trout have already invaded 54% of Falkland 
rivers, which are 2.9–4.5 times less likely to con-
tain native galaxiids than uninvaded streams. With-
out strong containment we predict brown trout will 
invade nearly all suitable freshwater habitats in the 
Falklands within the next ~ 70 years, which might put 
native freshwater fishes at a high risk of extinction.

Keywords Invasive species · Translocations · Risk 
management · Invasion risk competitive exclusion

Introduction

Invasive species represent one of the major threats to 
freshwater biodiversity, and yet their introduction has 
in many cases been intentional. For example, salmo-
nids have been deliberately translocated all over the 
world to provide fishing and aquaculture opportuni-
ties since the nineteenth century (McDowall 2006), 
despite being responsible for the demise of native fish 
fauna (Arndt et al. 2018; Cussac et al. 2020; Garcia 
de Leaniz et al. 2010; McIntosh et al. 2010).

Human activities have not only been responsible 
for the introduction of invasive species, but in many 
cases have also helped with their expansion (Hulme 
2015). Yet, knowledge on the extent and speed of 
ongoing invasions is limited, due to lack of accurate 
introduction records and confounding environmental 

Abstract Non-native salmonids are protected in the 
Southern hemisphere where they sustain aquaculture 
and lucrative sport fisheries, but also impact many 
native fishes, which poses a conservation conun-
drum. Legal protection and human-assisted second-
ary releases may have helped salmonids to spread, 
but this has seldom been tested. We reconstructed the 
introduction of brown trout (Salmo trutta) to the Falk-
land Islands using historical records and modelled its 
dispersal and probability of invasion using a general-
ized linear model and Leave One out Cross Valida-
tion. Our results indicate that establishment success 
was ~ 88%, and that dispersal was facilitated over land 
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factors (Tabak et  al. 2017). Islands provide ideal 
scenarios to examine the speed and impact of inva-
sions because the date and location of introductions 
are typically well known, and there is often baseline 
information on the status of native species before the 
invasion (Ewel and Högberg 1995).

Brown trout (Salmo trutta) is one of the most suc-
cessful freshwater invaders and has been included as 
one of the ‘100 of the world’s worst invasive alien 
species’ (Lowe et  al. 2000) due to its widespread 
ecological damage. The species has been implicated 
in the decline of native galaxiid fishes in many parts 
of the Southern hemisphere (McDowall 2006), most 
notably in South America (Elgueta et al. 2013; Ortiz-
Sandoval et  al. 2017; Young et  al. 2010), New Zea-
land (Jones and Closs 2015; McDowall 2003; McIn-
tosh et al. 2010), South Africa (Weyl et al. 2017) and 
the Falkland Islands, where it has benefitted from 
protected status (Falkland Islands Government 1964; 
McDowall et al. 2001). This has created a conserva-
tion conundrum because protecting non-native sal-
monids to boost sport fishing contributes to putting 
native fishes at risk (Garcia de Leaniz et  al. 2010; 
Weyl et al. 2017).

Three surveys of the freshwater fish of the Falk-
land Islands, conducted 10–20 years ago, concluded 
that brown trout had severely impacted both the 
resident and migratory ecotypes of two of the three 
native galaxiids, Aplochiton zebra and Aplochiton 
taeniatus (Fowler 2013; McDowall et al. 2001; Ross 
2009). Aplochiton spp. appear to have contracted their 
range and are threatened by secondary releases, i.e., 
invasions following the initial introductions (McDow-
all 2006; McDowall et al. 2001), but without knowl-
edge on the speed of invasions it is difficult to pre-
dict future impacts. In the Kerguelen Islands, also in 
the Southern hemisphere, the expansion of invasive 
brown trout was initially very rapid, and 17 water-
sheds were colonised within the first 30  years after 
the species was introduced, and then slowed down as 
more habitats became invaded (Labonne et al. 2013; 
Lecomte et al. 2013). Whether the same has happened 
in the Falkland Islands and other invaded islands is 
not clear.

Here we reconstructed the introduction and 
establishment of brown trout in the Falkland Islands 
using historical records and modelled its disper-
sal using anthropogenic and bioclimatic variables. 
We derived risk maps to help identify galaxiid 

populations at high risk of invasion and prioritise 
the establishment of freshwater refugia. We also 
estimated past and future rates of invasion under 
different management scenarios to help managers 
understand the urgency of the situation.

Methods

Reconstructing the introductions of brown trout

Historical records of the introduction of brown 
trout in the Falkland Islands (Table S1) were com-
piled and cross-referenced from Arrowsmith and 
Pentelow (1965) and Stewart (1973, 1980), sup-
plemented with information from the media in the 
United Kingdom (Salmon and Trout 2012), and 
from Basulto (2003), Faundez et  al. (1997) and 
Daciuk (1975) in South America. We also searched 
the Stirling University library for shipment records 
from the Howietoun hatchery (built in 1881) as this 
hatchery had dispatched salmonid eggs to North 
America (Westley and Fleming 2011).

Sampling of freshwater fish

A database of presence/absence records of the 
four species of freshwater fish present in the Falk-
land Islands (three native galaxiids, A. zebra, 
A. taeniatus, and Galaxias maculatus; and the 
non-native brown trout) was compiled by cross-
checking records from McDowall et al. (2001) and 
Ross (2009), supplemented with information from 
anglers and our own sampling (Fowler 2013; Minett 
et al. 2021a, 2021b). The survey by McDowall et al. 
(2001) employed seine, gill and fyke netting, spot-
lighting at night, and electrofishing of ~ 50 m stream 
reaches. Ross (2009) employed electrofishing, seine 
netting and visual checks. We used single-pass elec-
trofishing (Smith-Root ELBP2), seine netting and 
visual surveys during 2011–2013 to add 28 new 
sites to the database, bringing the total number of 
sites sampled for freshwater fish to 134 (Table S2). 
As the two Aplochiton species are morphologi-
cally similar and easily confused during sampling 
(Vanhaecke et  al. 2012b), we combined them for 
analysis.
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Species distribution modelling

We divided the Falkland Islands into 8,813 1 × 1  km2 
grid cells, and excluded cells that had more than 30% 
of their area in the sea and those that contained no 
rivers, as in a previous species distribution mod-
elling (Rodriguez-Rey et  al. 2019). We modelled 
brown trout presence/absence data from 134 sites 
(Table S2) using 12 anthropogenic and 9 bioclimatic 
predictors (Table  S3) for which we extracted mean 
values or took the value from the centre of the grid 
cell using zonal statistics and sample raster value 
tools in QGIS 3.4. We calculated the Variance Infla-
tion Factor (VIF) using the corvif function in R3.5.3 
(R Core Team 2019), excluded three predictors with 
VIF > 3 to reduce collinearity (Dormann et al. 2013), 
and randomly divided equal numbers of presence and 
absence records into training and testing datasets.

Brown trout distribution was modelled via a gen-
eralized linear model using a binomial distribution 
with a logit-link function with the Leave One Out 
Cross Validation (LOOCV) following Hooten and 
Hobbs (2015); R code details are given in Table S5. 
We used the drop1 function in R3.5.3 to test the sig-
nificance of individual predictors and arrive at a mini-
mal adequate model sensu Crawley (2007) based on 
changes in AIC (details of model terms and model 
selection are given in Table S4). Model performance 
was assessed using the evaluate function in the dismo 
R package to examine the area under the curve (AUC) 
(Fielding and Bell 1997). Statistical significance was 
determined via parametric bootstrapping (1,000 simu-
lations) against a null model containing the same test-
ing and training datasets as the most plausible model 
(Rodriguez-Rey et  al. 2019), using the PBmodcomp 
function in the pbkrtest R package (Halekoh and 
Højsgaard 2014). Model assumptions were checked 
by inspection of residuals and diagnostic plots.

Establishment success and calculation of invasion 
risk

To calculate establishment success, we compared the 
proportion of introduction sites that still had brown 
trout ~ 50 years later against the random 50% expecta-
tion using a binomial test. We then assessed how the 
presence of brown trout influenced the presence of 
native galaxiids by calculating relative risks.

Risk maps

We used QGIS 3.4 to generate invasion risk maps 
based on the probability of brown trout occurrence, 
calculated using the LOOCV procedure across all 
valid grid cells, as explained above. For clarity, we 
classified each suitable grid cell into four risk catego-
ries: very high risk of invasion (R ≥ 0.75), high risk 
(R = 0.50–0.75), moderate risk (R = 0.25–0.50) and 
low risk (R < 0.25).

Predictive modelling of brown trout invasions under 
different management scenarios

We modelled the occupancy of brown trout since 
1950 and predicted future expansion over a 142-year 
period (~ 24 generations) considering three different 
management scenarios: (1) no containment, (2) mod-
erate containment (a 10% reduction in the probability 
of invasion at each cell), and (3) strong containment 
(a 30% reduction in the probability of invasion at each 
cell). For cells with a high probability of invasion 
(P ≥ 0.8) we assumed that containment would not be 
effective so we maintained the original invasion prob-
abilities (i.e. no containment, scenario 1). Manage-
ment scenarios were modelled using the most plau-
sible species distribution model (Table  S4) and the 
LOOCV invasion probabilities that we had calculated 
for each grid cell.

As grid cells were found to be more likely to 
become invaded if they were close to invaded sites 
(see Results), we calculated the Euclidean distance 
from each uninvaded site to the nearest invaded site. 
Invasion probabilities were then updated at each itera-
tion under the three scenarios outlined above. Each 
scenario was run over 300 iterations, and from this 
a mean percentage occupancy and 95% confidence 
intervals were estimated. We used the observed rate 
of expansion (0.9% increase in occupancy/yr since 
1950) to calibrate the model and convert the number 
of model iterations into calendar years (one itera-
tion =  ~ 24  years or ~ 4 generations; details and R 
code are given in Table S5).

Ethics & permits

Fish sampling was carried out under permit num-
ber R18/2018 (17/04/2018) issued by the Falk-
land Islands Government (Falkland Islands 
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Environmental Committee) and Swansea University 
Ethics Committee (Reference number SU-Ethics-Stu-
dent-081217/307; SU-Ethics-Student-090118/299; 
SU-Ethics-Student-160118/463.

Results

Origin of brown trout

Approximately 113,000 brown trout eggs were 
shipped to the Falkland Islands on eight sepa-
rate occasions over an 18-year period (1944–1962, 
Table  S1). Although original records are miss-
ing, many consignments were described as arriv-
ing in ‘excellent condition’ (Stewart 1973). The first 
introductions (1944–1947) came from the Lautaro 
hatchery in Chile (Arrowsmith and Pentelow 1965; 
MacCrimmon and Marshall 1968), and were pri-
marily sourced from resident (i.e. non-anadromous) 
broodstock of German origin (Faundez et  al. 1997; 
Radcliffe 1922). Subsequent eggs came from three 
sources in England: Surrey, Pentlands and Lanca-
shire. The Surrey and Pentlands fish were from resi-
dent parents, while the Lancashire trout were derived 
from ’sea run trout’ caught in the River Lune (Arrow-
smith and Pentelow 1965). The provenance of the 
Pentlands resident trout is unclear, but they may have 
originated from Cobbinshaw Loch (Arrowsmith and 
Pentelow 1965; Stewart 1973), Loch Leven (Fish 
Loch Leven 2019), or the Howietoun Hatchery (Ross 
Gardiner, pers. comm.). The Howietoun hatchery 
had reared trout from Loch Leven and many other 
sources, but we found no records of fish having ever 
been sent to the Falkland Islands. In total 28 different 
sites were stocked, but three rivers–all within a 25 km 
radius of the capital Stanley—received most of the 
introductions (Table S1).

Establishment success and rate of invasion

Of the 17 stocked sites for which there are fish sur-
vey data, 15 sites still had brown trout ~ 50 years later. 
Establishment success can therefore be estimated as 
88% (95CI = 62–98%), which is significantly better 
than chance (χ2 = 8.47, df = 1, P = 0.004).

Following the initial introductions during 
1947–1962, brown trout have invaded 34 new sites 
over a ~ 60 year period, which represents an invasion 

rate of 0.6 new sites/year or ~ 6 new sites/generation, 
using a generation time of 6 years (Fowler 2013).

Modelling of brown trout distribution

At the time of the last survey (2012), brown trout 
occupied 54% of all sampled  1km2 grid cells, while 
Aplochiton spp. only occupied 18% of the area, con-
fined to the South of the Islands (Fig. 1). More recent 
samples from Minett et al. (2021a) were not included 
as information was not available for all species. The 
most plausible model of brown trout occurrence con-
tained only three predictors (Table S4): euclidean dis-
tance to the nearest invaded point (estimate = -0.238, 
SE = 0.067, t = -3.56, P < 0.001), absence of Aplochi-
ton spp. (estimate = -1.57, SE = 0.769, t = -2.04, 
P = 0.041) and number of river road crossings in 
the drainage basin (estimate = 0.156, SE = 0.066, 
t = 2.37, P = 0.018). The model explained the occur-
rence of brown trout significantly better than chance 
(Likelihood Ratio Test, χ2 = 52.17, df = 3, P < 0.001, 
AUC = 0.85).

Impact of brown trout on native galaxiids

Native galaxiids were less likely to occur in streams 
invaded by brown trout than in uninvaded ones 
(Fig.  2), but the impact of invasive brown trout 
was more pronounced in the case of Aplochiton 
spp than in the case of G. maculatus. Aplochiton 
spp. was 4.5 times less likely to persist in streams 
invaded by brown trout than in uninvaded streams 
(95CI = 1.8–11.2, P < 0.001), whereas for G. macula-
tus, the presence of brown trout decreased the prob-
ability of co-existence 2.9 times (95CI = 2.0–4.2, 
P < 0.001).

Mapping invasion risk

A risk map generated from the LOOCV probabili-
ties of new brown trout occurrence identified 21% 
of uninvaded cells with a very high risk of invasion 
(R ≥ 0.75), 24% with a high risk (R = 0.50–0.75), 
17% with moderate risk (R = 0.25–0.50) and 38% 
with low risk (R < 0.25). By overlaying the distribu-
tion of the endangered Aplochiton spp. we identified 
10 uninvaded sites having a high or very high risk 
of brown trout invasions and where containment 
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measures should be considered to exclude brown 
trout and protect native freshwater fish (Fig. 3).

Invasion under different management scenarios

Our simulations indicate that if nothing is done 
to contain the expansion of brown trout (scenario 
1) the species is predicted to increase its occu-
pancy from 54 to 93% within the next 70  years 
(95CI = 70–99%). Under scenario 2 (moderate 
containment) occupancy is predicted to increase 
to 86% (95CI = 59–94%), while under scenario 3 
(strong containment) occupancy is predicted to be 
69% (95CI = 47–81%; Fig.  4). Thus, occupancy is 
predicted to increase under all three scenarios, but 
only with strong containment can current Aplochi-
ton refugia be afforded some protection from brown 
trout invasions.

Discussion

Our study indicates that brown trout have already 
invaded 54% of the streams in the Falkland Islands 
since they were introduced in 1944–1962 and are 
impacting native freshwater fish. Streams invaded by 
brown trout were significantly less likely to harbour 
native galaxiids than uninvaded streams, suggesting 
that the impacts are substantial. This finding is con-
sistent with competitive exclusion of native galaxiids 
by invasive brown trout (Garcia de Leaniz et al. 2010; 
Young et  al. 2009), exacerbated by predation and 
trophic interference (Arismendi et  al. 2014; Elgueta 
et  al. 2013) seen elsewhere in South America. Our 
simulations suggest that unless more stringent meas-
ures are put in place, brown trout will probably 
invade nearly all remaining suitable freshwater habi-
tats in the Falkland Islands within the next ~ 70 years. 
Given that endangered Aplochiton sp. currently 

Fig. 1  Map of the Falkland Islands showing (A) sites of the 
historical introductions of brown trout during 1944–1962 
(details given in Table S1) and (B) presence/absence of brown 

trout and native Aplochiton sp. based on 1999–2012 surveys 
(detailed in Table S2) with 6 additional sites sampled in 2018–
2019
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only occupy ~ 18% of the area, mostly confined to 
the southern part of the islands, brown trout may be 
expected to drive Aplochiton sp. to near extinction.

It is possible that some galaxiid refugia may per-
sist in the headwaters if these are inaccessible to 
brown trout, but slope was not a significant predic-
tor of brown trout presence in our study and even 
the steepest sites already contain brown trout. Some 
land-locked ponds had also been invaded. This sug-
gests that without active measures and more stringent 
protection, few if any places in the Falklands should 
be considered safe from brown trout invasions. The 
recent construction of culverts at river-road crossings 
may make it more difficult for sea run trout to invade 
some areas in the future, but the same structures will 
also impact Aplochiton migrations (Fowler and Gar-
cia de Leaniz 2012; Ross 2009). For this reason the 
use of artificial barriers and exclusion devices to limit 
the spread of brown trout will require careful consid-
eration (Jones et al. 2021b).

The establishment success of brown trout in the 
Falkland Islands was very high (88%), as seen else-
where in the Southern hemisphere (Arismendi et  al. 

2014; Davidsen et  al. 2021; Lecomte et  al. 2013; 
Young et  al. 2010). Remarkably, no failed introduc-
tion of brown trout has ever been reported in Argen-
tina (Baigún and Quirós 1985), which serves to 
highlight the extraordinary invasiveness of this spe-
cies. Several factors may help explain this. Firstly, 
our study shows that brown trout introduced into the 
Falkland Islands originated from at least four different 
origins with two life history strategies (anadromous, 
non-anadromous), which resulted in genetic admix-
ture (Minett et  al. 2021b). It is known that multiple 
origins and genetic admixture can increase genetic 
diversity and facilitate adaptation to novel conditions 
(Consuegra et  al. 2011), which along with repeated 
introductions may increase invasion success. Estab-
lishment success may have also been facilitated by 
phenotypic plasticity and marine dispersal, as demon-
strated recently by acoustic tracking (Davidsen et al. 
2021; Minett et al. 2021b).

However, marine dispersal alone cannot explain 
the current distribution of brown trout in the Falk-
lands; secondary translocations must have also taken 
place because the species is now found in at least two 

Fig. 2  Frequency of occur-
rence (% and binomial 
upper 95CI) of native gal-
axiids (Galaxias maculatus 
and Aplochiton spp.) in 
streams invaded by brown 
trout (N = 62) and in unin-
vaded streams (N = 72)



Conservation of endangered galaxiid fishes in the Falkland Islands requires urgent action…

1 3
Vol.: (0123456789)

land-locked sites, where it could not have reached 
without human intervention. Transporting brown 
trout has been illegal in the Falklands since 1999, but 
some translocations must have taken place (McDow-
all et al. 2001). Indeed, our results indicate that brown 
trout presence was predicted by proximity to other 
invaded sites (overland, but not around the coast) 
and by the density of river-road crossings, which is 
consistent with secondary translocations facilitated 
by the road network, as seen in many other aquatic 
invasive species. For example, roads have facilitated 
the expansion of smallmouth bass (Micropterus dolo-
mieu) in remote lakes in Canada (Kaufman et  al. 
2009) and of bluegill (Lepomis macrochirus) in Japan 
(Kizuka et al. 2014). The Falklands has ~ 800 km of 
roads that crisscross a dense river network, most of 

which were built over the last three decades (Fowler 
and Garcia de Leaniz 2012), and it is likely that this 
may have facilitated the expansion of brown trout.

Brown trout have expanded at a rate of 0.6 new 
sites/year or ~ 6 new sites per generation since they 
were first introduced, which is similar to the inva-
sion rate found in the Kerguelen Islands where the 
species colonized 32 watersheds in ~ 50 years or 0.6 
watersheds/year (Labonne et al. 2013; Lecomte et al. 
2013). As found in the Kerguelen Islands, our simu-
lations suggest that the speed of invasion is not con-
stant over time. It may consist of two phases (Fig. 2), 
an initial phase characterized by rapid colonization, 
likely aided by low competition, fast growth and 
coastal dispersal (Jarry et  al. 2018; Labonne et  al. 
2013; Minett et  al. 2021b), and a second, slower 

Fig. 3  Risk maps showing probabilities of brown trout invasion based on species distribution modelling. Aplochiton refugia at a 
high risk of brown trout invasion are shown in the insets
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phase seemingly being driven by density-depend-
ence (Labonne et al. 2013). In Newfoundland, where 
brown trout is also invasive but where it competes 
with native Atlantic salmon, the species has expanded 
at rate of 4 km/year, and after ~ 135 years is still con-
fined within a 500 km radius from the original sites of 
introduction (Westley and Fleming 2011). In contrast, 
recent eDNA analysis of water samples in the Falk-
lands (Minett et  al. 2021a) has detected brown trout 
in additional streams since our last survey, indicating 
that the species is still expanding at a rate of ~ 0.9%/
year, suggesting it has not yet slowed down.

Other invasive salmonids are also threatening the 
native fish fauna of the Falklands. For example, both 
chinook salmon (Oncorhynchus tshawytscha) and 
coho salmon (Oncorhynchus kisutch) are increas-
ingly being caught off West Falkland (Fowler 2013), 
most likely originating from Chile or Argentina, high-
lighting the potential for further salmonid invasions. 
Similarly, the recent development of sea trout farm-
ing in open-net cages in the Falklands in 2013 poses 
a risk of escapees, which could further compromise 
the survival of native galaxiids, as seen in Patagonia 
(Consuegra et al. 2011; Vanhaecke et al. 2012a), par-
ticularly if sea cages are located close to Aplochiton 
refugia. Given the widespread ecological damage 
caused by invasive salmonids, being able to identify 
areas at high risk of invasion is critical for managing 
and curtailing their expansion. In this sense, our risk 

maps (Fig.  3) may aid conservation officers tasked 
with the protection of native fish fauna to monitor 
high risk areas and develop an integrated manage-
ment strategy for invasive salmonids in the Falkland 
Islands.

Conclusions & recommendations

Galaxiids rank among some of the most severely 
threatened fish in the world due to the introduction 
of invasive salmonids (Cussac et al. 2020; McDowall 
2006; Weyl et al. 2017). Our modelling suggests that 
without containment and strict measures brown trout 
will likely invade all remaining suitable freshwater 
bodies in the Falkland before the end of the century, 
putting the endangered native freshwater fish at high 
risk of extinction.

Existing legislation makes it illegal to transport or 
propagate brown trout in the Falkland Islands (Falk-
land Islands Government 1964), but this seems insuf-
ficient as the species is also afforded a protected sta-
tus, and fishing for trout is widely promoted (Falkland 
Islands Government 2015), which may facilitate its 
spread. Promoting trout fishing can hamper galaxiid 
conservation if it serves to perpetuate the view that 
only fish that have utilitarian value are worth pro-
tecting (Garcia de Leaniz et  al. 2010), and there is 
perhaps also a risk that creating and publicizing gal-
axiid reserves may attract those who might wish to 

Fig. 4  Modelled expan-
sion (% occupancy of 
suitable sites) of invasive 
brown trout in the Falkland 
Islands under three different 
management scenarios: (1) 
no containment (red), (2) 
moderate containment (yel-
low), achieved by reducing 
by 10% the probability of 
invasion at each cell, and 
(3) strong containment 
(green), achieved by reduc-
ing by 30% the probability 
of invasion at each cell. The 
envelopes denote the 95CIs 
around the three scenarios, 
and the dotted line the 
binomial 95CI around the 
present occupancy
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propagate brown trout even further. Effective edu-
cation and communication are therefore key (Ross 
2009).

The road network appears to be a main route of 
human-assisted translocations, and it is essential that 
more stringent measures are put in place. This may 
involve making people more aware of the impacts of 
salmonid invasions and passing more stringent leg-
islation. Exclusion barriers could also be deployed 
around galaxiid refugia to reduce the risk of salmo-
nid invasions (Jones et  al. 2021b), but care must be 
taken to ensure this does not impact native galaxiids, 
which may pose a challenge as even small barriers 
can have negative impacts on weak swimmers (Jones 
et  al. 2021a). Aplochiton sp. includes both freshwa-
ter resident (land-locked) and migratory (amphidro-
mous) populations, and both ecotypes are present in 
the Falkland Islands (McDowall 2006; Vanhaecke 
et al. 2012b). Maintaining connectivity and ensuring 
access to freshwater is essential for the viability of 
Aplochiton larvae migrating from the sea (McDowall 
et al. 2001) but this also means that they are very vul-
nerable to sea trout invasions, making barrier man-
agement particularly challenging in this case.

Changes to angling regulations might also be use-
ful. Currently, brown trout anglers are subject to a 
daily bag limit and a strict fishing season, lifting these 
restrictions may help slow down the invasion front in 
some places. Intensive fishing could be used to eradi-
cate brown trout and establish buffer zones around 
Aplochiton spp. refugia although this may not be 
effective if there is compensatory density-dependent 
mortality (Saunders et  al. 2015). Analysis of eDNA 
from water samples could be used to delineate galax-
iid refugia (Minett et al. 2021a), to serve as an early 
warning of brown trout invasions, and to establish 
whether containment or eradication measures have 
been successful.

Since McDowall’s call for action 20  years ago 
(McDowall et  al. 2001), brown trout has contin-
ued to expand while native galaxiids have continued 
to decline. Aplochiton spp. features on a Falklands 
postal stamp while Galaxias maculatus is called the 
‘Falklands minnow’, testifying to their importance 
for local islanders, and their place in the natural and 
cultural heritage of the Falkland Islands. Brown trout 
has brought wealth and recreation opportunities to the 

Falklands, but has also caused the demise of native 
freshwater fish. Our study shows that urgent protec-
tion measures are needed to safeguard their survival.
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