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25.1 INTRODUCTION name to Filmstar Fish: The Struggle for Survival. The

Interest in the extinction risk and conservation of anem-
onefishes might not have begun in 2003, but the Disney
movie Finding Nemo sparked an interest in the conser-
vation status of the very small coral reef fishes that con-
tinues today. The movie is directly quoted in the titles of
numerous papers, including “Finding Nemo” (Ollerton
et al. 2007), “Losing Nemo” (Jones et al. 2008), “Not
Finding Nemo” (Nanninga et al. 2015), and “Trying to
Find Nemo” (Scott and Baird 2015). There is a website
dedicated to saving Nemo (www.savingnemo.org) and a
documentary film initially titled Saving Nemo (Sharkbay
Films, 2011), although it was later forced to change its

DOI: 10.1201/9781003125365-30

popularity of the movie has no doubt contributed to a huge
demand for anemonefish in the aquarium trade and con-
cerns over impacts on wild populations (Jones et al. 2008;
Burke da Silva and Nedoskyo 2016). However, at the same
time, we have seen an enormous interest in the life history
and ecology of anemonefishes, with research focusing on
human impacts, extinction risks, and effective manage-
ment strategies. Almost all of the key papers on threats to
anemonefish and their conservation have been published
from 2003 onwards, with accelerating interest in recent
years (Figure 25.1). So, what does this research tell us
about the threat of extinction for anemonefishes? How are
we impacting them and what makes them threatened? And
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graph) of papers on human impacts on and conservation of anemonefishes, showing the rapid increase since 2003.

for those that are critically endangered, what can we do
about it? That is, how do we go about saving Nemo?

By 2012, a high proportion of species in families repre-
sented in the movie Finding Nemo had been assessed by the
IUCN (International Union for the Conservation of Nature)
and 16% of species had been classified as threatened
(McClenachan et al. 2012). However, poor young Nemo
himself did not make the cut. As of 2021, no anemonefish
species has been placed in any of the endangered species
categories on the [TUCN Redlist. The United States National
Marine Fisheries Service (NMFS) and the National Oceanic
and Atmospheric Administration (NOAA) responded to
a petition to have Amphiprion percula (aka Nemo) classi-
fied as endangered under the US Endangered Species Act
(Rauch 2015; Maison and Graham 2016). It was concluded,
based on population estimates ranging from 13 and 18 mil-
lion, that it is not in any danger of extinction either now
or in the near future. While this is clearly consistent with
the current IUCN criteria, such population estimates are
rare and unreliable for marine species. Even if correct, it
is questionable whether or not these numbers reflect the
actual likelihood of extinction. There is a growing list of
suspected and confirmed neo-extinctions of marine fishes
(Roberts and Hawkins 1999; Hawkins et al 2000; Dulvy et
al 2004), many of which appear to have occurred following
catastrophic declines from numbers that were historically
much higher than the TUCN thresholds for endangered or
vulnerable species.

While there are 28 currently recognized species, the
highest biodiversity of anemonefish, like most coral reef

fishes, is concentrated in Southeast Asia and the Western
Pacific, where up to 12 species may co-occur in the same
area (Figure 25.2). The location of the biodiversity hotspot
is unfortunate in the sense that it can be largely overlaid
with a high degree of coral reef habitat degradation, a high
dependence on marine resources, and numerous prob-
lems associated with implementing effective management
strategies. Fortunately, many of these species have broad
semi-overlapping Indo-Pacific distributions that include
places where the impacts are likely to be less severe. Many
of the smaller range species lie at the outer limits of the
Amphiprion/Premnas distribution, where the level of threat
is likely to vary from species to species (McClanahan et al.
2021). Our understanding of anemonefish biodiversity is
likely a work in progress, with two new species recently
recognized for the Pacific (A. barberi, Allen et al. 2008;
and A. pacificus, Allen et al. 2010). Based on the spatial
and morphological variation in the region, Drew et al.
(2008) suggested that there may be even more species in
the Pacific. There are also likely to be more hidden spe-
cies in the coral triangle (Timm et al. 2008), which will
be a conservation concern. One species, A. leucokranos, no
longer exists, but only because it was determined to be a
hybrid formed when a female A. chrysopterus mates with a
male A. sandaracinos (Gainsford et al. 2020). The threat to
anemonefish biodiversity requires an assessment, not just of
the likelihood of losing one or more of the 28 species, but
the extent to which we are losing local populations or see-
ing a decline in genetic diversity that will affect a species
ability to adapt to environmental change.
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FIGURE 25.2 Biodiversity heat map for 28 anemonefish species calculated from overlapping extent of occurrence (EOO km?). EOO
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the sites of occurrence (IUCN 2001, 2012, 2019). Hulls were constructed from known occurrence records obtained fishbase.org (Froese
and Pauly 2021) and overlaid with a global grid of 5° x 5° cells in R 4.1.1 (R Core Team, 2021). Species richness was calculated as the

total number of overlapping hulls per cell.

The aims of this chapter are: (1) to assess the main
threats to regional and local anemonefish biodiversity as a
result of local population declines and possible extinction;
(2) to evaluate the life history and ecological characteris-
tics of anemonefishes (and their anemones) that exacerbate
the risk of extinction; (3) to quantify relationships among
different rarity traits (specialization, geographic range, and
depth range) that may expose anemonefish species to double
or triple jeopardy; (4) to calculate the actual area of occur-
rence of anemonefishes within the geographic ranges and
assess these in relation to the [UCN endangered species cat-
egories; and (5) to consider pre-emptive and effective man-
agement strategies that can aid population recovery, protect
wild breeding populations into the future, and reduce the
likelihood of local or global extinction.

25.2 THREATENING PROCESSES
25.2.1

The likelihood of extinction needs to be assessed in the
context of the multiple factors having a negative impact on
anemonefishes and/or their critical habitats, all of which
can be traced back to human activities. Of these, ocean
warming and associated bleaching of anemones and their
surrounding coral habitat are likely to be the most extreme
and largest-scale threats. Almost all anemone symbionts
bleach and bleaching can occur across a broad geographic
range (Hobbs et al. 2013; Burke da Silva and Nedoskyo
2016) and from shallow to mesophotic reefs (Haguenauer
et al. 2021). In some locations, bleaching is now being

ANEMONE BLEACHING

observed regularly over multiple years (Hobbs et al. 2013;
Hayashi and Reimer 2020). While anemones can recover
and fish may survive, numerous papers have observed fewer
fish where anemones have bleached (Hattori 2002; Jones
et al. 2008). Hattori (2002) found that A. perideraion went
locally extinct following bleaching mortality of H. crispa
in the 1998 El Nino, while the generalist A. clarkii sur-
vived in less preferred hosts. Even if anemonefish survive
in bleached anemones, it is known to impair reproductive
activity and reduce fecundity (Saenz Agudelo et al. 2011;
Beldade et al. 2017), increase metabolic stress (Norin et al.
2018), reduce metabolic rate (Cortese et al. 2021), and dis-
rupt antipredator behavior (Lonnstedt and Frisch 2014), all
of which may affect the future persistence of populations.
Interestingly, bleaching does not appear to affect nemato-
cysts, so anemones can still defend themselves, which may
aid in their recovery (Hoepner et al. 2019).

25.2.2  OceaN WARMING

Ocean warming can have direct negative effects on anem-
onefish, independent of habitat bleaching, due to thermal
sensitivity during the larval and juvenile stages. McLeod
et al. (2013) showed that larval A. percula take longer to
develop and settle at higher temperatures, which may
reduce numbers recruiting to the adult population. Nowicki
et al. (2012) demonstrated that juvenile A. melanopus
needed to forage and consume more at higher temperatures,
perhaps because of lower energy efficiency. Experiments on
A. melanopus also show temperature has a strong negative
effect on reproduction at 1.5 degrees above current ambient
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conditions (Miller et al. 2015). On the other hand, future
warming may enhance performance in P. biaculeatus,
which has a higher aerobic scope and potentially higher
growth and condition at temperatures slightly above pres-
ent-day conditions (Donelson 2015).

Fishes may respond to increasing ocean temperatures
by shifting poleward, as long as they can find suitable hab-
itat and food resources (Munday et al. 2008). Subtropical
anemonefishes with narrow latitudinal ranges are particu-
larly susceptible to increasing temperatures as they may
be near upper thermal tolerances. Malcolm and Scott
(2017) suggested the Australian endemics A. akindynos
and A. latezonatus have a limited ability to move south,
although a small range shift in A. latezonatus and its host
anemone E. quadricolor has been observed at the Solitary
Islands, NSW.

25.2.3 OCEAN ACIDIFICATION

Experimental studies on larval and juvenile fishes have
indicated numerous effects of elevated pCO, on growth,
survival, physiological condition, otolith morphology, and
sensory behavior (Munday et al. 2019; Munday et al. 2020).
This has raised long-term concerns over ocean acidifica-
tion or the lower predicted pH by mid-to-late this century
as a result of increasing CO, in the atmosphere. Although
controversial, ocean acidification appears to have particu-
larly strong effects on the olfactory and auditory sensory
mechanisms of larval anemonefishes (Munday et al. 2009,
2010; Dixson et al. 2010; Simpson et al. 2011; Nilsson et al.
2012). Given that they rely so heavily on olfaction and
sound for finding reefs, finding anemones, and avoiding
predators, acidification is likely to have a strong negative
effect on their settlement and survival. At low pH, A. per-
cula larvae completely lose their ability to discriminate the
smell of their host anemone (Munday et al. 2009) and their
innate ability to detect predator olfactory cues is impaired,
with some larvae actually becoming attracted to preda-
tors (Dixson et al. 2010). Anemonefish reproduction also
appears to be affected by acidification. Miller et al. (2013)
showed that A. melanopus reproduction was stimulated at
low pH and females had a higher fecundity, although lar-
vae tended to have smaller yolks. Recently, Holmberg et al.
(2018) showed that acidification alters otolith morphology
in A. clarkii, with a dramatic negative effect on settlement
competency.

The future effects of acidification will occur in combi-
nation with rising temperatures, and impacts will depend
on how these drivers interact. Nowicki et al. (2012) found
temperature had a greater effect on the foraging behavior
of A. melanopus than low pH, and the interaction between
the two caused a reduction in food consumption. Similarly,
Miller et al. (2015) showed that the effects of tempera-
ture on A. melanopus reproduction were much stronger
than the effects of acidification, but the negative effect of
pCO, on offspring quality was more pronounced at higher
temperatures.

Evolution, Development and Ecology of Anemonefishes

25.2.4 AQuARIUM TRADE

Anemonefish feature among the most highly sought-after
species in the aquarium fish trade and are generally regarded
as being at high risk of overexploitation (e.g., Wabnitz et al.
2003; Roelofs and Silcock 2008; Okemwa et al. 2016;
Biondo 2018). Their vulnerability can be attributed to popu-
larity, accessibility on shallow coastal reefs, ease of capture,
and market value. There is often a higher price for rare spe-
cies or rare color morphs, which increases pressure on the
species and populations that are the most susceptible (Militz
et al. 2018). Numerous papers point to significant effects of
collecting anemonefish on abundance (Shuman et al. 2005;
Jones et al. 2008; Frisch and Hobbs 2009; Madduppa et al.
2014). For example, Shuman et al. (2005) show a large deple-
tion of anemonefish numbers in areas subject to collecting
in the Philippines, compared with unfished areas. Similarly,
the collecting of A. ocellaris has a huge negative impact on
abundance at Spermonde Archipelago (Madduppa et al.
2014). Here there is also a reduced genetic diversity in A.
ocellaris that can be attributed to aquarium fish collecting
(Madduppa et al. 2018). While depletion of anemonefish
numbers can be quite rapid as an industry develops, recov-
ery can be extremely slow, even if there is a complete mora-
torium on collection (Frisch et al. 2019).

25.2.5 CoASTAL DEVELOPMENT

Direct loss of habitat due to coastal development, including
increasing sedimentation and nutrient enrichment associ-
ated with deforestation, agricultural activities, and marine
dredging, represents a major potential threat to coral reef
fishes (Wenger et al. 2015, 2017). However, clear evidence
for impacts on anemonefishes is hard to find, either for
the fish themselves or the anemone habitat. Hayashi et al.
(2019a, 2019b) documented the low abundance and diver-
sity of clownfish species directly on the coastline near
urban developments in Okinawa. Long-term declines in
A. bicinctus and the host anemone Entacmaea in the Gulf
of Eilat have been linked to pollution and coastal develop-
ment (Howell et al. 2016). Anemones may be more resil-
ient to sedimentation than corals (Liu et al. 2015), which
may explain why anemonefish-associated anemones can
be found in turbid waters. However, direct effects of sedi-
mentation on anemonefishes have been linked to prolonged
larval development (Wenger et al. 2014), adverse effects on
gill function (Hess et al. 2015, 2017), and altered anti-pred-
ator behavior (Hess et al. 2019), all of which may negatively
impact on population size.

25.3 RISK FACTORS: LIFE HISTORY
AND ECOLOGICAL TRAITS

25.3.1 HABITAT SPECIALIZATION

The multiple human impacts listed here and acting together
may pose a risk of extinction for any fish species, but most
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anemonefishes share life history and ecological traits that
exacerbate these threats. The most important of these is
their high degree of specialization and obligate dependence
on a small range of species of a single habitat-forming
organism, the anemones (Allen 1975; Fautin and Allen
1992; Burke da Silva and Nedoskyo 2016). Only ten anem-
one species are colonized by the 28 anemonefish species
and there are eight anemonefish species associated with
a single anemone species (Burke da Silva and Nedoskyo
2016). Two species are associated with a particular morph
of a single anemone species, with P. biaculatus associated
with the solitary morph of Entacmaea and A. melanopus
associated with the colonial morph (Srinivasan et al. 1999).
The survival of the vast majority of the anemonefish species
is dependent on just four to five preferred anemone species.
Anemonefishes, perhaps more than any other reef fishes,
share the fate of all highly specialized animals. Their distri-
bution and abundance are completely linked to their hosts,
and so if the hosts disappear, the fish will disappear too.

25.3.2  MutuaL DEPENDENCE

Another major problem for anemonefishes is that not only
are they dependent upon their anemone hosts, but the anemo-
nes are just as dependent on them (Fautin and Allen 1992;
Burke da Silva and Nedoskyo 2016). Experiments show that
when all fish are collected, anemones are often eaten by their
predators such as butterflyfish and angelfish, resulting in
their death (Bradshaw 1994; Frisch et al. 2016). This is a real
problem for the aquarium fish collecting industry, as it is not
sustainable unless no anemones are left vacant (Frisch et al.
2016). Anemonefish also appear to be necessary to aid recov-
ery from bleaching (Pryor et al. 2020) but have the ability to
avoid bleached anemones if they have the choice (Scott and
Dixson 2016). So, anemonefish have a susceptibility that they
share with all other obligate mutualists — if one partner goes
extinct, the other will go extinct at the same time.

25.3.3 Low DensiTy

For whatever reason, the anemones that host anemonefishes
are never particularly abundant on coral reefs. Hence, they
almost always have low population densities resulting from
naturally low densities of hosts (Srinivasan et al. 1997; Scott
and Baird 2015; Steinberg et al. 2020; Hayashi et al. 2019b).
Highly specialized species are even more likely to exhibit
low abundance when their preferred habitats are rare (Jones
et al. 2002; Munday 2004).

25.3.4 Low CONNECTIVITY

The emerging evidence is that dispersal distances in anem-
onefishes can be limited, with a high degree of self-recruit-
ment within populations on isolated reefs (see Chapter
20). Low connectivity may explain slow recovery when
local populations are severely depleted or become locally
extinct (Bonin et al. 2016; Frisch et al. 2019). This may be
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a particular problem for endemics that occupy relatively
few isolated reefs, with subpopulations being completely
dependent on self-recruitment (Steinberg et al. 2016; van
der Meer et al. 2012). In this case, local extinction may be
a stepping stone to global extinction. However, self-recruit-
ment has its benefits in a stable environment, in terms of
promoting local population persistence and local adaptation
(Jones et al. 2009; Jones 2015).

25.3.5 SmaLL GEOGRAPHIC RANGE

A large proportion of anemonefishes have broad Indo-Pacific
distributions, and these will only be exposed to global threats
such as increasing temperatures or ocean acidification.
However, there are also numerous small range species, either
endemic to isolated island groups (e.g., A. chagosensis, A.
chrysogaster) or with small latitudinal ranges on mainland
coasts (e.g., A. omanensis, A. latezonatus) usually near the
periphery of the global range of anemonefishes (Figure 25.3).
The vast majority of neo-extinctions in the animal kingdom
have been species with small ranges or island endemics that
have been exposed to habitat loss, exotic pests, and diseases.
The few recorded extinctions of marine fishes in recent times
have all been small-range species (Roberts and Hawkins
1999; Hawkins et al. 2000; Dulvy et al. 2004). Small-range
anemonefishes are clearly susceptible to environmental dis-
turbances that impact the scale of their distribution. They
may also be more sensitive than large-range species to global
change, especially subtropical species that are likely to be
adapted to cooler water environments.

25.3.6 DerTH RANGE

A final risk factor is the narrow and shallow water depth
distributions of the majority of anemonefish species (Fautin
and Allen 1992). This exposes them to any human impacts
that tend to be more severe in shallow water, such as warm-
ing water, bleaching, and coastal sedimentation. Some spe-
cies, such as A. percula are most abundant in water less
than 3—4 m in depth. This makes a large proportion of the
population completely accessible to aquarium fish collec-
tors, without the need for underwater breathing apparatus.
Deep water surveys on the GBR have shown that some spe-
cies like A. akindynos and A. perideraion can be abundant
on mesophotic reefs, suggesting they may have a depth-ref-
uge from shallow water disturbances (Bridge et al. 2012).
However, this may not apply to the majority of species
which may be much less abundant at depth and appear to be
susceptible to deep water warming and bleaching (e.g., A.
chrysopterus, Haguenauer et al. 2021).

25.4 RARITY TRAITS: DOUBLE
AND TRIPLE JEOPARDY
A species with any one of the aforementioned traits would

attract conservation attention in an environment that is
showing signs of increasing and proliferating threats. The
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FIGURE 25.3 Extent of occurrence (EOO) for the ten anemone fish species with smallest geographical ranges. EOO is plotted as
minimum convex hulls; the smallest polygon in which no internal angle exceeds 180 degrees, and which contains all the sites of occur-
rence (IUCN 2001, 2012, 2019). Hulls were constructed using known occurrence records from fishbase.org (Froese and Pauly 2021) in
R 4.1.1 (R Core Team 2021). Occurrence records for A. chagosensis were limited to three points on the same axis and therefore a 0.1
decimal degree buffer was applied to calculate an approximate EOO using the package ConR (Dauby et al. 2017, 2020).

problem anemonefish face is that they can have a combi-
nation of life history and ecological traits that multiply the
risk of extinction. This can be especially true when differ-
ent aspects of rarity, including small geographic range, low
abundance, and high specialization are linked (Rabinowitz
1981; Jones et al. 2002). A species with a combination of any
two of these traits is considered to have double jeopardy of
extinction, and for species exhibiting all three traits, it is #ri-
ple jeopardy (Jones et al. 2002; Munday 2004). Our analy-
ses show that there are strong relationships among these risk
factors in anemonefishes. Using data on geographic range
sizes from Fishbase and an index of specialization based
on the number of anemones occupied (Fautin 1991; Burke
da Silva and Nedoskyo 2016), we show that range size is
positively related to decreased specialization (Figure 25.4a).
Hence small-range species are exposed to the double risk
associated with human impacts on the area in which they
live and on the anemone on which they depend. Similarly,
depth range declines with increasing specialization on host
anemones, so the most specialized species are the most
restricted to shallow water (Figure 25.4b). Clearly, some
anemonefishes have triple jeopardy. These are the species

specialized on a single host anemone which have a small
geographic range and also have a narrow depth range. This
exposes them to a much greater range of threats than they
would have had if they possessed only one of these traits.

Small geographic range and high specialization are also
likely to be associated with a low total population size, which
would also constitute triple jeopardy for anemonefishes.
What little information we have suggests that anemonefish
breeding populations are limited by the number of their pre-
ferred hosts (see Chapter 18) and they are generally found at
low densities. However, the triple jeopardy would only hold
if population densities were not related to geographic range.
Some evidence suggests that for marine fishes, small-range
endemics tend to have higher population densities than their
widespread counterparts at the same locations (Hobbs et al.
2010, 2011). This has not been evaluated for anemonefishes,
although McClanahan et al. (2021) showed that the endemic
A. chrysogaster at Mauritius is moderately abundant, is
broadly distributed around the island, and has a large depth
range. A complete understanding of extinction risks for
island endemics will require a greater effort in estimating
population densities and total population size.
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FIGURE 25.4 Relationships between the number of anemone species occupied (Index of Specialization) and a) geographic range
as extent of occurrence (EOO, million km?) (glm, p=0.017, t=2.56) and b) known depth range (m) (glm, p<0.001, t=4.06) for 27
anemonefish species. Depth range and known occurrence records were obtained from fishbase.org (Froese and Pauly 2021). EOO was
calculated as minimum convex hulls constructed from occurrence records. All analyses were performed in R 4.1.1 (R Core Team 2021)
using the packages ConR (Dauby 2020), rCAT (Moat 2020), rsq (Zahng 2021), and glmmTMB (Brooks et al. 2017). Generalized linear
models were fit with Gaussian error family and identity link. A. pacificus is not included in either model as habitat use for this species

is not known.

25.5 CONSERVATION STATUS

To date, only 15 of the 28 species have been assessed by
the TUCN and all have been classified globally as “Least
Concern”. However, at this stage, this assessment does not
include most of the species with the smallest ranges (see
Figure 25.3). In terms of regional assessments, the Redlist
website lists A. clarkii as endangered in the Red Sea, but no
data on this assessment is available. Few anemonefish spe-
cies have been listed as endangered by any country through
their national endangered species legislation. As stated ear-
lier, the United States has assessed A. percula for its Pacific
territories under its Endangered Species Act and it has been
considered at no risk of extinction now or in the near future
(Rauch 2015; Maison and Graham 2016).

The TUCN criterion that seems most applicable to the
real threat of extinction for anemonefishes concerns not
just geographic range or extent of occurrence (EOO), but
their area of occupancy (AOO) within their geographic
range. AOO reflects the fact that a taxon will not usually
occur throughout the full area of its EOO, which may con-
tain unsuitable or unoccupied habitats (IUCN 2001, 2012).
That is, over what actual area have they been observed.
The TUCN considers species with an AOO of less than 10
km? as Critically Endangered, <500 km? as Endangered,
and <2,000 km? as Vulnerable (Criterion B2). Using data
from Fishbase (Froese and Pauly 2021) on geographic range
and confirmed locations, we show the AOOs for the endemic
anemonefishes can be extremely small (Figure 25.5). On
this basis, three species approach the threshold to be clas-
sified as Critically Endangered and as many as 23 species
would be classified as Endangered (Figure 25.5). In combi-
nation with a small extent of occurrence, low numbers of
locations, and estimates of the reef area within these ranges

(Allan Coral Atlas 2020), we suggest that these species
urgently require an evaluation by the [UCN and by the gov-
ernment agencies of the countries where they are endemic.
We acknowledge that accurate estimates of AOO require
extensive known occurrence records which is currently
problematic for data deficient species. The Fishbase online
database we used was the only source of confirmed occur-
rence data available for all 28 species, but at this stage,
these records are not complete. It is noteworthy that the two
species with the smallest geographic ranges, A. chagosensis
(E0O0=4,056 km?) and A. mccullochi (EOO=1,317 km?),
qualify as Endangered on the basis that their EOOs are less
than 5,000 km?.

25.6 EFFECTIVE MANAGEMENT STRATEGIES

There are numerous options for protecting anemonefishes
that will vary in their effectiveness depending on the spe-
cies, the location and the most significant threats. The abil-
ity to implement effective management will depend on the
political will and socioeconomic circumstances that pre-
vail. Here, we will just highlight a few management options
that should work, based on the literature or the biology of
the species.

25.6.1 MARINE RESERVES

Marine reserves or no-take marine protected areas estab-
lished to protect biodiversity are known to protect anem-
onefishes where they can be well-managed. Several studies
have shown higher numbers of anemonefishes in marine
reserves compared to adjacent areas subject to collecting
(Shuman et al. 2005; Jones et al. 2008; Madduppa et al.
2014). Scott et al. (2011) showed a long-term increase in
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FIGURE 25.5 Histogram of area of occupancy (AOO, km?) for 28 anemonefish species. IUCN Red List threat categories are indi-
cated by dashed lines following Criterion B2 (IUCN 2019) and show: a) five species as Vulnerable (AOO <2,000 km?) and 23 species
as Endangered (AOO < 500 km?). Inset b) six species with smallest AOO and dashed line to show threshold for ITUCN Red List category
Critically Endangered (AOO < 10 km?). Three species are within 2 km? of this threshold. AOO estimates were made using known
occurrence records from fishbase.org (Froese and Pauly 2021) at the recommended reference scale of 4 km? (2 X 2 km) for occupied
cells to assess Red List criterion B2. AOO is taken as the total area of occupied cells in a uniform grid within a given extent of occu-
pancy (EOO) (IUCN 2001, 2012, 2019). Analysis was performed in R 4.1.1 (R Core Team 2021) with the packages rCAT (Moat 2020)

and ConR (Dauby 2020).

A. akindynos abundance in marine reserves at the Solitary
Islands. Bonin et al. (2016) found higher numbers of A.
melanopus in protected areas at the Keppel Islands, follow-
ing a long period of historic collecting of anemonefishes.
Genetic analyses show that despite protection, the effec-
tive population size was extremely small (~750 breeders),
so there are questions about how big reserves need to be to
protect a population large enough to avoid local extinction.
It is important to monitor the success of reserves in protect-
ing anemonefishes, as there can be unexpected outcomes.
For example, McClanahan (1994) showed that A. allardi
thrives in fished areas where it has become associated with
high numbers of sea urchins that are thriving due to overex-
ploitation of a triggerfish predator. Where marine reserves
were established, the anemonefish went locally extinct.
Studies on self-recruitment in anemonefishes show the
benefit of marine reserves as local sanctuaries for species
(Almany et al. 2007; Jones et al. 2009). A high proportion
of juveniles return to the natal population, ensuring protec-
tion that carries through to the next generation (Salles et al.
2016, 2020). This has been recorded for five generations of
A. percula in a small island reserve in Papua New Guinea;
however, this population is largely protected by its remote-
ness, rather than any effective management actions. Marine

reserves are likely to be an effective first line of defence
for endemic species where levels of self-recruitment are
expected to be extremely high (van der Meer et al. 2012;
Steinberg et al. 2016). However, recovery from past or
widespread impacts is likely to be slow (Frisch et al. 2019).
Sato et al. (2017) make the point that reserves may be of
limited value from the point of view of supporting anem-
onefish collecting in fished areas through larval dispersal.

Marine reserves will no doubt be more effective for
anemonefishes if specific information on their distribution
and abundance is taken into account when selecting sites
for reserves. There should be a high priority for anem-
onefish hotspots or places where local species diversity is
high or a species of concern is unusually abundant. The
Solitary Islands marine park is a good example of this,
where locations with high anemonefish densities are well
protected (Scott et al. 2011). In Kimbe Bay, Papua New
Guinea, A. percula is unusually abundant on fringing reefs
surrounding small offshore islands, compared to emergent
reefs with no islands (Dixson et al. 2011). A marine park
planning exercise that prioritized the protection of these
reefs because of their habitat diversity could not have been
better designed for protecting this iconic species (Green
et al. 2009).
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25.6.2 CAtrcH REGULATIONS

In our view, given the likely endangered species status of
species with very small areas of occurrence, all collecting
should be banned and trade deemed illegal. For species
clearly overfished in an area, moratoriums on collecting
need to be in place, such as has occurred at the Keppel
Islands. Such moratoriums may need to remain in place
for the long term for sufficient recovery to occur (Frisch
and Hobbs 2009; Frisch et al. 2016), and future catch levels
would need to be tightly controlled. In circumstances where
catches can be reliably controlled, a ban on catching adult
fishes and controlled levels of harvesting juveniles would
be extremely effective. Juveniles would be of higher value
for the aquarium fish market and limited harvest would not
impact the size of the breeding population. However, this
could only work for anemonefish species that live in large
social groups and not for species that only occur in pairs.

25.6.3 PROTECTING ANEMONES

Marine reserves and other measures that focus on anem-
onefishes will not protect anemones from extrinsic dis-
turbances such as global warming, sedimentation, and
pollution. There is no silver bullet for protecting anemones
from these disturbances, and the increasing levels of anem-
one bleaching are a huge concern. Banning the collecting
of anemones that support anemonefishes should be the
number one management priority. Studies on how to reduce
the impacts of warming water and pollution on anemones
should be the number one research priority. The evidence
suggests that the reproductive success of anemonefishes
is critically linked, not just to anemones, but to anemones
at particularly high-quality locations (Salles et al. 2020).
There should be a premium on identifying and targeting the
protection of these important sources of future generations.

25.6.4 Car1ivE BREEDING

There is a long tradition of captive breeding and release in
terrestrial conservation and it seems a very attractive option
for enhancing depleted anemonefish populations. Most spe-
cies have now been bred in captivity (Olivotto and Geffroy
2017), and juveniles can be readily released in the wild
where vacant individuals of preferred anemones can be
found. Direct supply of aquarium-reared juveniles has the
potential to take the pressure off collecting from wild pop-
ulations (Burke da Silva and Nedoskyo 2016). This topic
has been discussed elsewhere in this book (Chapter 22), but
there are many reasons why captive breeding and release
of anemonefish should be a last resort. In marine systems,
captive breeding does not have a good record in reducing
wild catches and there is a lot of potential for conflict when
it comes to competing sources of income. For restoring
anemonefish populations, the emphasis should really be
on breeding and out-planting anemones to restore numbers
to historic levels. The methods for propagating anemones
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exist and there is clearly a huge market for anemones that
host anemonefish for the aquarium trade (Fraser et al. 2021).
Borrowing from this technology for conservation purposes
seems like the best way forward, especially if there is scope
for artificial selection for bleaching-resistant strains.

25.7 CONCLUSIONS

If we set out to design a fish species that would have a high
risk of extinction in an era of rapid environmental change, it
would probably look and be like an anemonefish! It would,
of course, be so cute that everybody would like to have one,
even though it is designed to be rare, so there can never be
enough to go around. We would keep coming up with new
ways to negatively impact its population size or degrade its
environment. We would give it every life-history trait we
could think of that would reduce its ability to withstand all
of these changes. We would design it to live in a single habi-
tat that we know is highly sensitive to warming water and
then crank up the temperature. Perhaps we would put it out
on some remote island and hope it can sustain itself there,
away from as many human impacts as possible.

The only saving grace to saving Nemo is that we have not
seen a species of anemonefish go extinct — yet. That in itself
seems like a miracle. We still have 28 species and maybe
there are even a few more hidden away for safe keeping.
Perhaps this means that they do have a secret for survival
that we do not fully understand. Our recent research into
larval dispersal shows an incredible ability to navigate their
way to suitable habitat, so long as there is some suitable
habitat left to find. Perhaps it means that the management
actions we have taken for at least some species have been
effective. If so, we just need to find ways to expand and tai-
lor these management efforts to all species, whether that is
going to be full protection, marine reserves, or sustainable
harvest strategies. Or perhaps we have just been lucky that
we still have 28 species. One thing the movie Finding Nemo
teaches us is that survival always depends on a bit of luck.
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