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Extinctions and threat in the sea
By Nicholas K. Dulvy

THERE HAVE BEEN FEW species extinctions in the sea (18-21) compared to on 
land (829). Given the relatively high degree of human impact on the oceans this 
could be interpreted to suggest the effect of human impacts on marine 
biodiversity has been low. Alternatively it could be that it is more difficult to 
detect extinctions of non-air-breathing marine organisms. Current evidence 
suggests population and species extinctions have occurred in the last 100 years 
and that a large number are threatened, primarily by exploitation and habitat 
loss or degradation. Evidence for poor detection of marine extinctions is 
consistent with the hypothesis that the number of marine extinctions is 
underestimated. Reducing fishing effort would reduce extinction risk in the sea.

Species extinctions
H um an im pacts on the oceans are w idespread 
and substantial, and concern has been growing 
of the possibility that m arine species are being 
driven to extinction  (Roberts & H aw kins 
1999; H utchings & Reynolds 2004). C urrent 
evidence suggests few m arine organism s have 
becom e globally extinct in the past 300 years, 
com pared to on land w here 829 species have 
disappeared (Baillie et al. 2004). There is 
unequivocal evidence for the extinction of 12 
m arine species, com prising three mammals,

five seabirds and four gastropods (Carlton et al. 
1999). An additional three bird  and  m am m al 
species are listed as extinct by the W orld 
Conservation U nion (IUCN) Red List (Baillie et 
al. 2004). A recen t survey  of m arine 
extinctions has uncovered evidence to suggest 
the global extinction in the w ild of a further six 
species com prising two fishes, two corals and 
two algae (Dulvy et al. 2003). These species -  
the Galapagos damselfish (Azurina eupalama), 
the M auritius green wrasse (Anampses viridis), 
and two corals (Millepora boschmai, Siderastrea 
glynni), Turkish towel algae (Gigartina australis)

and B ennetts seaweed (Vanvoortsia bennettiana) 
-  are though t to be extinct th roughou t their 
small geographic ranges.

T here are a n u m b er of p rob lem s w ith  
determ ining the num ber of m arine species 
extinctions; in particular is the uncertain ty  of 
taxonom ic status and also in defining w hen the 
last individual has gone (Carlton et al. 1999). 
A num ber of taxa could be added  to the list of 
global extinctions. However, it is no t clear 
w hether these are full valid species, clinal 
variants, h y b rid s or a b erran t specim ens 
(Carlton et al. 1999). In m any cases there is 
little m useum  reference m aterial to w ork with, 
so it is unlikely that this problem  can be 
resolved. In sum m ary, exclud ing  these 
uncertain  records, there is good evidence that 
betw een 18-21 species have becom e globally 
extinct in the last three hundred  years.

Population extinctions
T here are th ree  reasons for considering  
p o p u lation -scale  ex tinctions. F irst, p o p u l
ations hold un ique genetic material and are
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M anta  birostris.

often  behav iourally  an d  m orpholog ically  
d istinct (Carlton et al. 1999). Second, in 
m etap o p u la tio n  dynam ic theory, source 
p o p u la tio n s  m ay also rescue o th er sink  
populations and thus have the  capacity to 
contribute to the resilience of the  species as a 
w hole (Smedbol & Stephenson 2001). The 
corollary to th is is th a t the  extinction of 
populations is the first step tow ard species 
ex tin c tio n s (Pitcher 1998; H u tch in g s & 
R eynolds 2004). Finally, conserva tion  
interventions and m anagem ent action typically 
occur at the population  or stock scale in the 
m arine  en v ironm en t. If th e  d e fin ition  of 
extinction is relaxed to consider local and 
regional d isappearances, th en  th e  list of 
population-level extinctions is m uch longer.

A recent com pilation estim ated that a total of 
133 m arine species have undergone a local, 
regional or global extinction (Dulvy et al.
2003). The au th o rs  h igh ligh ted  th a t th is 
dataset was far from definitive, because of the 
p ro b lem s of recognising  an d  defin ing 
extinction. However, since this dataset was 
compiled, no evidence has come to light that 
suggests that any of the  species or populations 
orig inally  h igh ligh ted  have recovered  or 
reappeared. Instead, there  is evidence for 
ad d itio n a l popu la tio n -lev e l ex tinctions, 
particu larly  on coral reefs, including: the 
d isap p earan ce  of th e  ra inbow  p arro tfish  
(Scarus guacamaia) from  the coastline of Brazil 
(Ferreira et al. 2005), population  extinctions in 
th e  w o rld ’s largest parro tfish , th e  g ian t 
b u m p h ead  parro tfish  (Bolbometopon 
muricatum) (Bellwood et al. 2003; Dulvy & 
Polunin 2004), and the  local and near-global 
ex tin c tio n  of tw o co ral-dw elling  gobies 
(Gobiidae) (M unday 2004).

Causes of extinctions
In Dulvy et al. (2003), local, regional and 
global extinctions w ere categorised according 
to  causal factor. T here are difficulties in 
categorising causal factors, particularly  as it is 
often difficult to ru le ou t possible causes 
retrospectively. Despite these problem s the 
au th o rs  tried  to be conservative in their 
categorisations. M ost of the extinctions (over 
all spatial scales) could be a ttribu ted  to  a single 
p rim ary  causal factor (80%). Exploitation, 
either th rough  hun ting  or fishing, was the 
prim ary  factor for 55% of reported  cases, and 
habitat loss/degradation resulted in 37%  of 
reported  extinctions (Dulvy et al. 2003). O ther 
th rea ts  w ere relatively m inor; 2% of 
extinctions could be a ttribu ted  to the effects of 
invasive species, and  6% were a ttribu ted  to 
other factors such as climate change, pollution 
and disease (Dulvy et al. 2003).

A recent survey of the  degree of th reat in N orth  
Am erican m arine fishes found that 82 m arine 
fish species and subspecies were threatened 
w ith extinction, according to the American

Fisheries Society threat criteria (Musick 
1999; M usick etaJ. 2000). At least 22 of 
these species are endem ic to N orth  
America and could also be considered 
vulnerable to global extinction. The 
m ain  causes of th rea t in  N o rth  
A m erican  m arine fishes w ere 
exp lo ita tion  55%  (45 species and  
subspecies) and  hab ita t degradation  
39%  (25 species or subspecies) (Musick 
et al. 2000). An additional seven species 
and subspecies were threatened by a 
com bination of exploitation and habitat 
degradation . The rem ain ing  species 
were threatened by invasive species and 
pollu tion  (Musick et al. 2000).

What is the rate of 
marine extinctions
There are three problem s w ith assessing 
the rate of m arine extinctions. First, the 
num ber of m arine species is difficult to 
know; current estim ates suggest approxim ately 
15% of recorded species are found in the sea 
(May 1994). The estim ated total num ber of 
species on E arth  varies widely, b u t the 
consensus is that there are som ew here betw een 
1.75-13.6 m illion species (May 1988, 1994; 
H aw ksw orth & Kalin-Arroyo 1995). Many 
species are unknow n, inaccurately described 
and our knowledge is biased tow ard certain 
taxa and habitats (H am m ond 1992). Second, a 
com prehensive  assessm ent of th rea t and 
extinction risk has yet to be undertaken  for 
m arine  species. The W orld C onservation  
U nion has conducted  th reat assessm ents of 
only 814 m arine species to date (Baillie et al.
2004). The threat status of one-th ird  (373 
species) of chondrichthyan fishes (sharks, rays 
and chimaeras) has been assessed to date. 
Seventeen per cent of chondrichthyans were 
listed as Threatened, 19% as N ear-threatened, 
26% as Feast C oncern and 38%  were Data 
Deficient (Cavanagh & Dulvy 2004). This rate 
of threat is likely to decrease as the rem aining 
species are included; often the first species 
assessed  are th e  best kno w n  or m ost 
threatened (Darwall 2004). Third, detecting 
the  extinction of non-air-breath ing  m arine 
anim als is extremely challenging (Roberts & 
H aw kins 1999). Below, I outline two lines of 
evidence w hy this m ight be so.

(1). Eighty per cent of the local, regional and 
g lobal ex tinc tions w ere detected  using 
retrospective, indirect survey m ethods, such as 
questionnaire of fishers’ traditional knowledge 
and species catch lists (e.g., Sadovy & Cheung 
2003; Dulvy & Polunin 2004), or com parisons 
of p resen t-day  faunal lists w ith  previous 
inventories (Smith-Vaniz et al. 1999; Wolff 
2000a; Wolff 2 000b). Relatively few extinctions 
(20%) were described using direct m ethods 
such as regular field surveys, e.g. barndoor 
skate (Dulvy etaJ. 2003; Dulvy etaJ. 2004).

(2) . Poor detection is indicated by the 53-year 
lag betw een the  last sighting of an individual 
and the reported  extinction. By com parison, 
the lag betw een last sighting and reported  
extinction is no m ore than  four years in birds 
(Baillie et al. 2004). If our detection of m arine 
ex tinc tions w ere  perfect th en  no lag is 
expected  betw een  th e  d ea th  o f th e  last 
individual and first reports of the demise of the 
species (Dulvy et aJ. 2003).

Species an d  p o p u la tio n  ex tinc tions have 
occurred in the sea bu t it is difficult to estim ate 
their num ber and rate, though  we can be 
reasonably certain that m arine extinctions are 
u nderestim ated . The lack  o f deta iled  
know ledge on m arine extinctions should  not 
h inder m itigating action. Scientific advice has 
consistently highlighted the overcapacity of 
fishing fleets. Reducing fishing effort in line 
w ith  the  ecosystem  approach  to fisheries 
m anagem ent will no t only im prove fishery 
stab ility  an d  profitab ility  (Sinclair & 
Valdimarsson 2003), b u t will also have the 
benefit of lowering extinction risk, particularly 
for large-bodied species.
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