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Abstract
1. Invasive species can cause population declines and extinctions of native species

through several mechanisms including predation and competition. One such spe-
cies, western mosquitofish (Gambusia affinis), is an invasive, aggressive predator
and competitor of numerous freshwater species around the world that has caused

precipitous declines of native species.

. The Barrens topminnow (Fundulus julisia) is a spring-endemic fish of the

southeastern U.S.A., and the western mosquitofish limits its recruitment via pre-
dation of smaller individuals but there is also potential for competition (i.e. inter-
ference competition) between the species in laboratory trials. All of these negative
interactions probably contribute to the Barrens topminnow's precipitous decline
since the 1980s and the listing of the species as endangered by the U.S. Fish and
Wildlife Service in late 2019. Ongoing conservation measures for Barrens top-
minnow include long-term monitoring of populations and reintroductions through

stocking of hatchery-reared individuals into numerous sites.

. Here, we investigate trends in Barrens topminnow and western mosquitofish

occupancy and abundance over an 8-year period (three or four generations for
Barrens topminnow) and assess the effectiveness of a stocking programme. We
also included habitat covariates including distance to the nearest downstream

confluence, stream order, and habitat size.

. Our findings revealed significant range-wide Barrens topminnow declines in both

occupancy and abundance were occurring over the 8-year period. These declines
were associated with the presence of western mosquitofish. Overall, the stocking
programme of hatchery-reared individuals did not significantly enhance or restore
populations of Barrens topminnow but had a negative effect on topminnow abun-

dance when western mosquitofish were present.

. The lack of a positive effect of stocking hatchery-reared individuals on Barrens

topminnow populations and the long-term population declines of Barrens top-
minnow suggest that propagation and stocking alone are not effective at cre-
ating self-sustaining populations of the Barrens topminnow. The presence of

western mosquitofish does not currently appear to be compatible with long-term
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1 | INTRODUCTION

Biological invasions have profound effects on biodiversity (Bellard
et al., 2016; Blackburn et al., 2019; Simberloff, 2014; Simberloff
et al., 2013) and represent one of the greatest threats to native spe-
cies (Doherty et al., 2016; Wilcove et al., 1998). Invasions are largely
responsible for biotic homogenisation seen among geographical
regions (Clavero et al., 2009; McClure et al., 2018; Rahel, 2000).
Not surprisingly, introduced species have contributed to the rela-
tively high extinction rates for freshwater fauna in North America
(Ricciardi & Rasmussen, 1999).

Western mosquitofish have been successfully introduced across
the globe (Pyke, 2008), and these introductions have been impli-
cated in the extirpation of native species (Courtenay & Meffe, 1989;
Meffe, 1985; Schoenherr, 1981). As an introduced species, western
mosquitofish are known to be aggressive predators and superior
competitors of native species (Courtenay & Meffe, 1989; Laha &
Mattingly, 2007; Pyke, 2008; Sutton et al., 2013). In general, inva-
sive predators and pathogens typically have a much larger negative
impact on native species than do those that interact via competi-
tion (Gurevitch & Padilla, 2004; Mooney & Cleland, 2001; Sax
etal., 2002), and extinction of native fauna driven by invasive species
is usually disproportionally attributed to predation rather than com-
petition (Davis, 2003). One such fish species negatively impacted by
the competitive and predatory interactions with western mosquito-
fish is the Barrens topminnow (Fundulus julisia). Barrens topminnow
are endemic to springs and spring-fed streams of the Barrens Plateau
in middle Tennessee (Figure 1), and their distribution and population
sizes have contracted largely due to the introduction and spread of
western mosquitofish over the past several decades (Bettoli, 2015;
Laha & Mattingly, 2007; Rakes, 1989).

Interactions between Barrens topminnow and western mosqui-
tofish are size-structured, where western mosquitofish are preda-
tors of small size classes [12-16 mm total length (TL) young-of-year
and 20-30 mm TL juveniles]. However, when topminnow and mos-
quitofish are of similar size, Laha and Mattingly (2007) documented
significant aggression towards and fin damage in Barrens topmin-
now potentially suggestive of interference competition, even though
their particular study design did not allow them to test for compe-
tition effects directly. These interactions between the two species
are the putative mechanisms facilitating the precipitous declines
of Barrens topminnow. As a result, most formerly occupied sites
have been extirpated leaving only four natural populations (i.e. non-
stocked sites containing an extant natural [historical] population) on

persistence of topminnow populations. Moving forward, conservation strategies
will be needed to create and maintain mosquitofish-free habitats, which may in-

clude eradication of mosquitofish, construction of barriers, or other actions.

barrens topminnow, conservation, endangered species, invasive species, reintroduction

the Barrens Plateau by the early 2000s (Laha & Mattingly, 2007) and
only three natural populations by 2015 (Bettoli, 2015). The Barrens
topminnow is now considered one the most imperilled fish species
in the southeastern U.S.A. due to its restricted distribution, precip-
itous declines and additional threats from drought and habitat deg-
radation within the region (Bettoli, 2015). The species was recently
listed as endangered by the U.S. Fish and Wildlife Service (United
States Fish & Wildlife Service, 2019).

In response to the precipitous declines, an extensive reintroduc-
tion programme using stocking (henceforth stocking) for the Barrens
topminnow was initiated in 2001 (Goldsworthy & Bettoli, 2006). To
date, over 46,000 hatchery-bred Barrens topminnow have been
repatriated into the wild through occasional stocking in the 1980s
and 1990s, and annual stocking at multiple sites from 2001 to 2015
(USFWS, unpublished data). Short-term monitoring (i.e. 2003-2004)
of these repatriated populations reported most cohorts of stocked
Barrens topminnow experienced greater than 84% annual mortality;
however, these mortality estimates were not related to western mos-
quitofish density at specific locations (Goldsworthy & Bettoli, 2006).
Recruitment of Barrens topminnow over this 2-year period was only
detected at locations without western mosquitofish (Goldsworthy
& Bettoli, 2006), which supports ex situ experiments by Laha and
Mattingly (2007) that western mosquitofish are significant predators
of young-of-year Barrens topminnow.

Here, we investigate current population status of the critically
endangered Barrens topminnow at natural and stocked sites over
an 8-year period (i.e. 2008-2015). Specifically, we evaluate if: (1)
occupancy or abundance of Barrens topminnow have changed
through time and by site characteristics; (2) co-occurring western
mosquitofish and time since invasion are associated with patterns
of occupancy or abundance of Barrens topminnow; and (3) the man-
agement action of stocking is associated with patterns of abundance
of Barrens topminnow.

2 | METHODS
2.1 | Sampling protocol

Sampling occurred among 38 different sites, although only
17-35 sites were surveyed in a given year. All sites occurred in
the Barrens region of middle Tennessee west of the Cumberland
Plateau (Figure 1). Site selection was based upon historical re-
cords and past and current reintroduction and introduction sites
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FIGURE 1 We sampled 38 sites (circles) from middle Tennessee for Barrens topminnow (Fundulus julisia) from 2008 to 2015. Within the
main map, our sample sites were overlaid upon topography, and dark grey lines represent large drainages (fourth order and above) within our
study area. The various sizes of the circles represent the number of years each site was sampled, where the smallest circle represents 1 year
of sampling and the largest circle represents 8 years of sampling. The inset map is of the U.S.A., and star represents the general location of
our study
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selected by the U.S. Fish and Wildlife Service. Each site was
surveyed between one and eight times (mean = 4.8 times, me-
dian = 5.5 times) during the 8-year study period (2008-2015). We
classified the 38 sites using the following terminology: non-stocked
sites (n = 8) contained either an extant natural (historical) popu-
lation of topminnow or an introduced population of topminnow
into which supplemental stocking of hatchery-reared individu-
als did not occur during the study period; stocked sites (n = 25)
contained introduced (non-historical) or reintroduced (historical
but extirpated) topminnow populations into which hatchery-bred
individuals were released during the study period; and explora-
tory sites (n = 5) were localities sampled within the topminnow's
distributional range that had no historical records of topminnow
or released individuals. These latter five sites were sampled once
in search of new native populations and were excluded from our
analyses. Sampling frequency of the sites was not standardised.
Sites with more visits included non-stocked and stocked sites with
known populations of Barrens topminnow, whereas sites with
lower frequencies of visits were extirpated non-stocked, stocked,
and exploratory sites. Many of these low frequency-visited sites
were sampled pre-2008, and we sampled them post-2008 to ver-
ify past data. The 8-year study period was selected because of the
standardised dataset (i.e. standardised protocols for sampling; see
below) available during this time.

A crew of 3-11 persons used seines to sample each site. Sites were
ranked as small or large to standardise sampling effort and were char-
acterised by both the length of the spring and spring run (if present)
and the type of pond/pool associated with the spring head. Small sites
ranged in length from 23 to 150 m (x = 80.3 m), with all sites 2100 m
either lacking a well-defined spring pool at the spring head or were
spring-influenced streams. Large sites varied from 90 to 700 m in
length (x = 263.5 m). Small sites were sampled a minimum of 6 seine
efforts and a maximum of 12. Large sites were sampled a minimum of
10 seine efforts and a maximum of 20. Each seine effort consisted of a
¢. 6 m haul. Per the protocol adopted by USFWS biologists, we were re-
quired to cease sampling at the minimum number of seine efforts once
80 Barrens topminnow were captured to minimise stress. Barrens top-
minnow were measured to the nearest mm total length and released at
the point of capture. Barrens topminnow abundance was determined
by direct counts (referred to as captures henceforth), whereas mosqui-
tofish abundance was determined by either direct counts or volumetric
estimations based on a linear model.

2.2 | Analyses

Because of variable sampling efforts annually, and because sites were
only sampled once annually, modelling options available to estimate
dynamic occupancy and abundance were limited. We used package
unmarked in program R to estimate initial occupancy, detection, colo-
nisation, and extinction probabilities for both Barrens topminnow and
western mosquitofish using all sampling data (Fiske & Chandler, 2011;
R Development Core Team, 2018). An a priori model was developed

for Barrens topminnow that modelled initial occupancy as a response
to habitat covariates, which included distance to the nearest down-
stream confluence, the order of that stream, the habitat size (large or
small), and whether or not the site had received stocked individuals
during the study period. We used ArcMap v. 10.6.1 to estimate dis-
tance from our sites to the nearest downstream confluence and to
determine stream order. We hypothesised that more distant springs
located on lower-order streams would be least likely to be invaded by
western mosquitofish. Detection and colonisation probabilities were
modelled as constant because of consistent methodology and only
one known natural Barrens topminnow colonisation event. Extinction
probabilities were modelled with the status of western mosquitofish
at the end of the study period. In the absence of sampling, we assumed
that the site retained the western mosquitofish presence-or-absence
state of the last sampling occasion, which is supported by observa-
tions from regularly surveyed sites occupied by western mosquitofish.
Western mosquitofish were modelled with constant initial occupancy,
detection, and extinction rates. Colonisation rates were modelled as a
function of the same habitat covariates as the Barrens topminnow—
distance to and order of receiving stream and size of the spring.

Even though we were unable to evaluate abundance while ac-
counting for incomplete detection, we used linear mixed models to
evaluate capture patterns while accounting for variation among sites as
arandom effect (i.e. 1|Site). We used Poisson generalised linear mixed
models to evaluate trends in Barrens topminnow and western mosqui-
tofish captures because captures were non-normally distributed. As
fixed factors, we first investigated temporal trends and characteristics
of site location (e.g. distance and order of the nearest stream) on both
Barrens topminnow and western mosquitofish abundance:

Captures ~ Year + Distance + Stream order + (1]Site)

where Captures represent the number of individuals captured per
sampling per site, Year is the sampling year, Distance is the distance
from the sites to the nearest downstream confluence, and Stream
order is stream order of the nearest stream to the site.

Secondly, we investigated the interaction between the Barrens top-
minnow and western mosquitofish using Poisson mixed models using
Barrens topminnow captures as our response variable and including a
random effect of site. We evaluated if abundance of Barrens topminnow
was negatively associated with the occupancy or abundance of western
mosquitofish. If either was significantly associated with Barrens topmin-
now abundance, we evaluated their effect when presented via an inter-
action with the length of time the two species have interacted at a site

(i.e. years since the introduction of western mosquitofish:

Captures ~ Mosquitofishoccupancy + Mosquitofishcaptures
+ Yearsinvasion + Mosquitofishoccupancy = Yearsinvasion

+ Mosquitofishcaptures = Yearsinvasion + (1] Site)

where, Captures represent the number of Barrens topminnow cap-
tured per sampling per site, Mosquitofish occupancy represents if
mosquitofish were present or absent at a site, Mosquitofish captures
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effect represent the number of mosquitofish captured per sampling
per site, and Years invasion represents the number of years since mos-
quitofish were first detected at a site.

Finally, we evaluated if the Barrens topminnow population sta-
tus (non-stocked or stocked) or the number of stocked fish in the
previous year increased the captures of Barrens topminnow using
a Poisson mixed model including site as a random effect. In this
analysis, we also accounted for the presence or absence of western
mosquitofish given the likelihood that they also may affect Barrens

topminnow captures:

Captures ~ Stocking status = Mosquitofish occupancy + (1] Site)

where, Captures represent the number of Barrens topminnow cap-
tured per sampling per site, Stocking status represents if a site received
hatchery-reared individuals or not, and Mosquitofish occupancy rep-
resents if mosquitofish were present or absent at a site.

All models were implemented and evaluated in R using package
Ime4 (Bates et al., 2015). For the occupancy models, importance for
each parameter was determined by confidence intervals overlapping
with zero. In all other models, significance was determined using an
analysis of deviance in the car package (i.e. type Il likelihood ratio
tests) and a = 0.05 (Fox & Weisberg, 2011).

3 | RESULTS
3.1 | Occupancy and abundance

Initial regional site occupancy of Barrens topminnow was 0.855
(0.569-0.964; 95% confidence interval [Cl]). By the end of the
surveys, we observed 8 sites change from occupied to unoccupied

(27.6% of sites surveyed more than once). None of the habitat

- WILEY-—

covariates had an influence on initial Barrens topminnow occu-
pancy (distance to receiving stream, = -0.117 + 11.06; order of
receiving stream, g = 2.56 + 9.70; habitat size, p = 0.56 + 0.98).
Past stocking of Barrens topminnow did not influence occu-
pancy (f = 0.64 + 7.62). Natural colonisation probability of
Barrens topminnow was low at 0.039 (0.027-0.058; 95% ClI).
While p estimates suggested that the presence of western mos-
quitofish had limited impact on Barrens topminnow extinction
rates (f = 0.219 + 0.443), back-transformed estimates indicate
a 6.3% increase in extinction probability due to the presence of
western mosquitofish at the end of the study period (western
mosquitofish absent, 0.289 [0.221-0.369]; western mosquitofish
present, 0.352 [0.258-0.459]).

Estimated western mosquitofish initial occupancy was 0.486
(0.371-0.602; 95% CIl) with low extinction estimates (0.116
[0.078-0.169]) and high detection probability (0.847 [0.785-
0.893]). Western mosquitofish were more likely to invade large
springs (f = 0.618 + 0.802) that were further from a receiving
stream (f = 9.353 + 7.314; Figure 2). Receiving stream order had
no effect on mosquitofish colonisation probability (8 = -0.156 +
0.380).

Mean captures of Barrens topminnow have declined between
2008 and 2015 (;(2 =1,163.02,df =1, p < 0.001; Figure 3), and west-
ern mosquitofish captures have increased during the same time pe-
riod (;(2 = 49723, df = 1, p < 0.001). Barrens topminnow captures
were positively associated with lower-order streams (;(2 = 3.86,
df = 1, p = 0.049) and unassociated with distance from the nearest
stream (4% = 1.34, df = 1, p = 0.248). Western mosquitofish captures
were not associated with stream order (;(2 =0.437,df =1, p=0.509)
but were positively associated with distance from the nearest stream
(4 = 6.67, df = 1, p = 0.010), which might suggest human-assisted

rather than natural dispersal.
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FIGURE 3 Barrens topminnow
(Fundulus julisia) captures (i.e. number
of individuals) per site visits (black dots)
by year. The line was fitted with a linear
smoother and the error band represents
the 95% confidence intervals
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3.2 | Influence of western mosquitofish and stocking

Barrens topminnow captures were negatively impacted by the
presence of western mosquitofish (;(2 =6.31,df =1, p = 0.012;
Figure 4), the abundance of western mosquitofish (;(2 = 371.51,
df = 1, p < 0.001), and the years since the first detection of west-
ern mosquitofish (;(2 =56.71,df = 1, p < 0.001; Figure 5). Negative
impacts of the occupancy or abundance of western mosquitofish
on Barrens topminnow captures did not significantly interact with
time since their introduction (;? = 2.86, df = 1, p = 0.091; 4* = 3.54,
df = 1, p = 0.060, respectively). This analysis suggests that it will
take 11.5 years (almost 4 generations) after introduction of western
mosquitofish for Barrens topminnow to be extirpated from the site.
Stocking had no overall effect on the captures of Barrens topmin-
now (;(2 =0.34,df = 1, p = 0.562) and had a negative effect on cap-
tures when western mosquitofish were present (;(2 =210.15,df =1,
p < 0.001; Figure 6). A similar relationship was observed for the
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FIGURE 4 Mean and standard error of captures (i.e. number of
individuals per site) of the Barrens topminnow (Fundulus julisia) by
the status of western mosquitofish (Gambusia affinis). Status was
defined as presence or absence of mosquitofish

effect of the number of individuals stocked into a site. The number
of Barrens topminnow stocked into a site was positively associated
with captures of Barrens topminnow but probably interacted with
the presence of western mosquitofish (;(2 =3.27,df =1, p = 0.071).
In this interaction, increasing the number of introduced Barrens
topminnow when western mosquitofish were present had a neutral
effect on captures, whereas it had marginal positive effects on fu-
ture captures when western mosquitofish were absent. In sites with
western mosquitofish, five Barrens topminnow would need to be re-
leased in order to increase captures the following year by one.

4 | DISCUSSION

Tounderstand theimpacts of a biological invasion, conservation man-
agers need to identify the mechanism(s) by which native and invasive
species interact, but also need long-term (i.e. time series) studies to
identify population trends. A long-term study is critical in identifying
population trends for threatened and endangered species for sev-
eral reasons (Hughes et al., 2017; Lindenmayer et al., 2012). One is
that data collection over multiple generations dampens inter-annual
population variability and elucidates population-level responses to
the environment (McCain et al., 2016), or in the Barrens topmin-
now's case, elucidates population-level responses to invasive spe-
cies. Here, we report several critical implications for conservation
and management efforts of the Barrens topminnow: (1) population
declines (i.e. occupancy and abundance) occurred across the distri-
bution over an 8-year period, which is roughly 4 generations (i.e.
maximum longevity 3 years) for this species (Rakes, 1989); (2) these
declines were associated with the presence of western mosquitofish;
and (3) the stocking programme of hatchery-reared individuals had
little influence on landscape-scale occupancy or abundance. For ex-
ample, we found no overall significant relationship between stocking
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of hatchery-reared individuals (i.e. artificial recruitment) on the cap-
tures of Barrens topminnow, and stocking had a negative effect on
the captures of Barrens topminnow in the presence of western mos-
quitofish. This lack of a significant response of Barrens topminnow
abundance to stocking may be evidence of hatchery-reared individu-
als being less fit than their counterparts. It may also be due to habi-
tat destruction and alteration from agricultural practices (personal
observation, B. Kuhajda) accompanied by predation and competition
pressures from western mosquitofish, which is likely to be driving
population declines and the eventual extinction of the species.

Our study provides additional evidence that the presence and
abundance of western mosquitofish are associated with the decline

of Barrens topminnow across their distributional range. These re-
sults are not unexpected since mosquitofish (collectively, G. affinis
and the eastern mosquitofish, Gambusia holbrooki) are implicated
in numerous declines of native fish species around the world
(Courtenay & Meffe, 1989; Meffe, 1985; Pyke, 2008), in particular of
native topminnow (Meffe, 1985; Sutton et al., 2013), including an ex
situ Barrens topminnow study (Laha & Mattingly, 2007).

Stocking for reintroduction is an important conservation tech-
nique that has been utilised over 260 times with varying degrees of
success in freshwater fishes around the world (Cochran-Biederman
et al.,, 2015). The stocking of hatchery-reared Barrens topmin-
now individuals began extensively in 2001 and continued through
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2014, with limited stocking continuing to occur thereafter. In the
early to mid-2000s, short-term studies assessing the success of
the stocking reported high mortality and little natural reproduction
(Goldsworthy & Bettoli, 2006; Johnson, 2004), both of which are
considered two important variables in gauging success of a stock-
ing programme (Cochran-Biederman et al., 2015). However, an-
other variable important in predicting stocking success—duration
of stocking or repetitive stocking events through time—cannot be
assessed via short-term studies (Cochran-Biederman et al., 2015).
Our results using longer-term data provide evidence that stocking of
hatchery-reared Barrens topminnow has not significantly influenced
occupancy or abundance over an 8-year period, in part due to the
presence of western mosquitofish at many of the reintroduced loca-
tions but also potentially due to reduced fitness of hatchery-reared
individuals. Often hatchery-reared individuals have lower fitness
(Araki et al., 2008; Jonsson et al., 2003) due to lack of social learning
(Brown & Laland, 2001) and predator avoidance behaviours (Alvarez
& Nicieza, 2003; Malavasi et al., 2004), and being weaker competi-
tors (Orpwood et al., 2004) than their wild counterparts. Given our
Barrens topminnow findings, freshwater managers should carefully
consider decisions related to stocking of hatchery-reared individ-
uals. In many cases, stocking of hatchery-reared individuals might
be best reserved for locations where biological invaders are absent
and unlikely to colonise. Stocking for population maintenance in the
presence of a biological invader could expend valuable conservation
resources and could even be associated with population declines as
observed in our study.

Extinctions caused by invasive species are quite rare in the lit-
erature with the exception of island systems (Bellard et al., 2016).
However, springs are analogous to aquatic islands in a terrestrial set-
ting, and spring-endemic species mirror island endemics by sharing
several characteristics. These include a patchy distribution, higher
levels of genetic structuring and lower levels of genetic diversity
compared to mainland (in this case, stream) species due to limited
movement (gene flow), and increased vulnerability to stochastic
events (Fluker et al., 2010). Endemic freshwater fishes are found in
these aquatic islands across the world, and Gambusia species are a
common invasive threat in these unique aquatic ecosystems—e.g.
Iran (Esmaeili et al., 2007); Australia (Fensham & Fairfax, 2003)
and (Kerezsy & Fensham, 2013); Turkey (Keskin, 2016); and U.S.A.
(Mills et al., 2004). Barrens topminnow possess these island species
attributes, having a patchy distribution, two genetically distinct
management units within the same river drainage, reduced levels of
genetic variation compared to stream-dwelling topminnow, and dis-
proportionately affected by drought (Bettoli, 2015; Hurt et al., 2017;
Rakes, 1989). Thus, the introduction of the invasive western mosqui-
tofish into Barrens topminnow's spring habitat has the real potential
to cause its extinction.

In conclusion, Barrens topminnow populations have declined
over an 8-year period moving the species closer to extinction. Our
analyses failed to reveal a positive impact of a multi-year stocking
programme on Barrens topminnow occupancy and abundance par-
tially due to the presence of western mosquitofish. In other words,

the stocking programme is probably prolonging the inevitable—
population extirpation and potentially extinction. We recommend
that more active measures (e.g. exclusion or eradication of western
mosquitofish) are needed to prevent the extinction of the Barrens
topminnow, and current conservation efforts—stocking—are only
creating conservation-dependent populations without addressing
the primary cause of the rapid declines. Ultimately, the best pre-
dictor of stocking failure is not adequately “addressing the initial
cause of decline” (Cochran-Biederman et al., 2015) and, in the case
of the Barrens topminnow, we recommend shifting some resources
away from the stocking programme to focus on conserving springs
through management actions more directly addressing the initial
cause of decline. One possible action is the construction of barri-
ers or selectively permeable fish-passage structures to prevent up-
stream colonisation by western mosquitofish at the remaining sites
without western mosquitofish. Another active management practice
is eradication of western mosquitofish. This practice was success-
fully performed at a small site with Barrens topminnow, Vervilla
Spring (United States Fish & Wildlife Service, 2019), but is extremely
difficult and unlikely to be an effective strategy in large spring hab-
itats because of site characteristics (e.g. vegetation density) and
sheer numbers and reproductive potential of western mosquitofish.
Finally, an important strategy to consider is managing human ac-
tions through outreach and education efforts, especially deterring
human-introduced establishment of additional mosquitofish popu-
lations. The recent federal listing of the Barrens topminnow under
the U.S. Endangered Species Act may provide greater access to re-
sources for conservation planning and recovery actions to prevent
extinction of this native North American fish despite its current eco-
logical challenges. However, unless active measures are taken, the
Barrens topminnow unfortunately represents a species on a rapid

downhill trajectory toward extinction.
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