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Shark and ray populations are in decline globally due to overfis
hing and habitat degradation, causing these species to disappear 
from marine ecosystems. 
With a focus on the two largest intertidal areas in West Africa, the 
Banc d'Arguin (Mauritania) and the Bijag6s Archipelago 
(Guinea-Bissau), we determined the ecological role of sharks and 
rays in large intertidal areas, examined how these species 
interact with other intertidal predators such as migratory shore
birds, and explored the impact of small-scale and industrial 
fisheries on these species. We conclude that many species using 
the intertidal are currently threatened with extinction. Further
more, we show how these species interact with other intertidal 
predators, and how sharks and rays are often part of the complex 
socio-economic system of coastal communities. 
Since intertidal habitats change rapidly with every tidal cycle and 
threats of fisheries are never far away, sharks and rays using 
intertidal areas must continuously navigate 'troubled waters'. 
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IN 

TROUBLED WATERS 
Threatened species in dynamic intertidal ecosystems 

Guido Leurs 
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Ge neral introduction

Guido Leurs

< The fi rst bull shark (Carcharhinus leucas) 
we captured in the Bijagós. Holding the 
animal upside down in the water reduces 
stress and allows us to take measurements 
before safely releasing it again.
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1<) &"$*$) %'&"#1+19$'-,) *&#$**1#*D) c15$7$#:) &"$*$) (-*&3#K%',$*) %#$) ,1',$'&#%&$()

-'),1%*&%0) #$9-1'*:)5"$#$)+1003&%'&*)$'&$#) &"$)1,$%')&"#139")#-7$#*)%'()$*&3%#-$*:)

"%K-&%&*)%#$)($9#%($()(3$)&1),1%*&%0)($7$01+/$'&:)%'()17$#$i+01-&%&-1'),1##$0%&$*)

5-&")&"$)*-R$)%'()+#1i-/-&.)1<)"3/%')+1+30%&-1'*)T41&R$),$)+-3)UVV^:)6#%-'),$)+-3)UVVZXD)

O#1/),1%*&%0)#$9-1'*:)1&"$#)1,$%'-,)#$9-1'*)%#$),1''$,&$()&"#139"),3##$'&*)%'()&"$)

/17$/$'&*)1<)/%#-'$)1#9%'-*/*:)$*+$,-%00.)&"1*$)&"%&)/17$)17$#)01'9)(-*&%',$*)%'()

"%7$)-/+1#&%'&)#10$*)-')/%#-'$)$,1*.*&$/*D

!"#$%&'(#&)"*+#,'",'-+%%&-*+#,'"%)',&%*$%&.,
L%#-'$)+#$(%&1#*)%'()/$9%<%3'%)T-D$D:)"-9"$#)/%#-'$),1'*3/$#*)%'(j1#)*+$,-$*)1<)

5"-,")%(30&*)%#$)!Wb)P9)-')K1(.)/%**X)9$'$#%00.)"%7$)0%#9$)"1/$)#%'9$*)Tc%.*),$)+-3

UV`^X)%'(:)0-P$)1&"$#)+#$(%&1#*:)"%7$)%)(-*+#1+1#&-1'%&$0.)0%#9$)#10$S)&"$-#)%K3'(%',$)

-*) 015$*&)1<)%00) &#1+"-,) 0$7$0*:).$&)&"$-#)#10$)1')&"$)*&#3,&3#$)%'()(-7$#*-&.)1<) 015$#)

&#1+"-,)1#9%'-*/*),%')K$)+#1<13'()T$D9D:)8*&$*),$)+-3)UV``:)UV`^:)c$-&"%3*),$)+-3)UVV\XD)



``

!"#"$%&'(#)$*+,-).*#

!
Predators can influence prey populations directly through predation and indirectly by 

introducing risk effects (i.e., ‘landscape of fear’) (Estes ,$)+-3)UV``:)2%#7$.)%'()F"-0$*)

2016). Through their movements, marine predators can link different habitats and 

prey populations, for example, by migrating between different ecosystems in which 
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and rays (i.e., elasmobranch fishes).
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The earliest archeological records confirm that the earliest shark-like fishes swam the 
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coastal sandy fl ats, the bioluminescent velvet lantern shark (?$*"5$,&12)25%#+:X)+#$*$'&)

at great depths, and the shortfi n mako shark (@21&12) ":'&%#/012X) #1%/-'9) &"$)1+$')
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Sharks and rays diff er from bony fi shes (i.e., teleosts) in various characteristics, with 
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large oil-fi lled liver (i.e., up to two-thirds of the body weight) and by lift generated by 

their pelvic and pectoral fi ns (refer to Klimley 2013 and for a complete overview of 

diff erences). In addition, rays diff er from sharks in that their gills are positioned on 

the ventral side (underside), their bodies are fl attened, and their pectoral fi ns are 

<3*$()&1)&"$)"$%(D)

Figure 1.1) M) 5-($#) "$%(:) %*) *$$') -') &"$) 9#$%&) "%//$#"$%() *"%#P) T<50'&#+)*"8+&&+#X) %'()
blackchin guitarfi sh (A-+1/"2$,(12) /,*%/1-12X:) 0-P$0.) "%*) *$7$#%0) %(7%'&%9$*D) c15$7$#:) 1'$)
".+1&"$*-*) -*) &"%&) -&) +#17-($*) /1#$) *+%,$) <1#) &"$) M/+300%$) 1<) 41#$'R-'-) &1) ($&$,&) /-'3&$)
electromagnetic fi elds emitted by prey hiding under the sediment.
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Next to the five senses that we have as humans (i.e., tactile perception, gustation, 

10<%,&-1':) %3(-&-1') %'() 7-*-1'X:) *"%#P*) "%7$) &51) %((-&-1'%0) *$'*$*S) &"$) 0%&$#%0) 0-'$)

organ that all fishes have, which enables them to detect movements and vibrations, 

%'()$0$,&#1#$,$+&1#*),%00$()&"$)M/+300%$)1<)41#$'R-'-)(-*&#-K3&$()%#13'()&"$-#)*'13&)

%'()/13&")TQ0-/0$.)UV`_:)L$#$(-&"),$)+-3)UVUUXD)!"-*)*$7$'&")*$'*$)-*)3*$()&1)($&$,&)

minute electromagnetic fields emitted by hiding prey or to navigate along the Earth’s 

magnetic fields. This is likely one explanation for the evolution of extra-wide heads in 

some species, like hammerhead sharks and guitarfishes (Figure 1.1), used for finding 

K$'&"-,)+#$.)TQ0-/0$.)UV`_:)L$#$(-&"),$)+-3)UVUUXD

In contrast to (most) other fishes, sharks and rays use internal fertilization, with the 

/%0$*)+1**$**-'9)&51)#$+#1(3,&-7$)1#9%'*),%00$(),0%*+$#*D)8/K#.1'-,)($7$01+/$'&)

differs among species, but generally, four main modes are now recognized: oviparity 

1#)$99]0%.-'9)T$D9D:)*P%&$*)%'(),%&*"%#P*X:).10P]*%,)7-7-+%#-&.)-')5"-,")$/K#.1*)<$$()

off yolk (e.g., dogfish and guitarfish), oophagy in which embryos feed on each other 

T$D9D:)*%'()&-9$#)*"%#P).+&/0+&%+2)$+1&12X)1#)1')3'<$#&-0-R$()17%)T$D9D:)/%,P$#$0)*"%#P*X:)

%'() "-*&1&#1+".) -') 5"-,") &"$) /1&"$#) *$,#$&$*) '3&#-$'&]#-,") *3K*&%',$*) %<&$#) &"$)

yolk is depleted (e.g., butterfly rays and hammerhead sharks) (Abel and Grubbs 

UVUVXD)C$+#1(3,&-1')<1#)*/%00$#)*+$,-$*),%')1,,3#)%''3%00.:)5"$#$%*)/1*&)*+$,-$*)

#$+#1(3,$)1',$)$7$#.)&51)&1)&"#$$).$%#*)TQ0-/0$.)UV`_XD)O$,3'(-&.)#%'9$*)<#1/)1'0.)

1'$)+3+)-')M/$#-,%'),15'1*$)#%.*)TO-*"$#),$)+-3)UV`_X)&1)%')$*&-/%&$()UVV]_VV)+3+*)

-') 5"%0$) *"%#P*) TC0%#/"7"#) $'512D) &"-*) #$+#$*$'&*) &"$) 0%#9$*&) P'15') 0-&&$#) *-R$) 1<)

%'.)$0%*/1K#%',"X) Ta13'9),$)+-3) `ZZ^XD)="%#P*)%'() #%.*)9$'$#%00.)9#15)*0150.)%'()

1'0.)#$%,")/%&3#-&.)#$0%&-7$0.)0%&$)-')&"$-#)0-<$,.,0$D)O1#)$i%/+0$:),1//1')*&-'9#%.*)

/%&3#$)%#13'()^D_]^Db).$%#*)10() To-9-')%'() ;*/$')UV`UX:)6%#-KK$%')#$$<)*"%#P*)%&)

%++#1i-/%&$0.) `WD\) .$%#*) T!%05%#) ,$) +-3) UVUUX:) %'()2#$$'0%'() *"%#P*) 1'0.)/%&3#$)

5"$')&"$.)#$%,")%')%9$)1<)!`b^).$%#*)T@-$0*$'),$)+-3)UV`^XD)41'9$7-&.)#%'9$*)<#1/)

1'0.)%),13+0$)1<).$%#*)-')*/%00]K1(-$()*+$,-$*)&1)WV).$%#*)<1#)5"-&$)*"%#P*)Tc%/%(.)

,$)+-3)UV`WX)%'()%&) 0$%*&)U[U).$%#*) <1#) &"$)2#$$'0%'()*"%#P:)/%P-'9) -&) &"$) 01'9$*&]

0-7-'9) 7$#&$K#%&$) *+$,-$*) T@-$0*$') ,$) +-3) UV`^XD) !"$) *015) 9#15&":) 0%&$)/%&3#-&.) %'()

"-9")01'9$7-&.:),1/K-'$()5-&")015)<$,3'(-&.)%'()01'9)#$+#1(3,&-7$),.,0$*:),%3*$)&"$)

-'&#-'*-,)+1+30%&-1')9#15&")1<)*"%#P*)%'()#%.*)9$'$#%00.)&1)K$)015),1/+%#$()&1)1&"$#)

fishes (i.e., K-selected traits compared to r-selected traits; Frisk ,$)+-3)UVV`XD

/-+.+5$-".'#+.&,
="%#P)%'()#%.)*+$,-$*),%'),1''$,&)"%K-&%&*)&"#139")&"$-#)01'9](-*&%',$)/17$/$'&*D)

O1#)$i%/+0$:)#$$<)*"%#P*)<$$(-'9)1')+$0%9-,)<11()*13#,$*),1''$,&),1#%0)#$$<*)5-&")
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%(H%,$'&)+$0%9-,)*.*&$/*)TL,6%30$.),$)+-3)UV`U:)F-00-%/*),$)+-3)UV`\X:)5"-0$)K300)*"%#P*)

0-'P)&$/+$#%&$)%'()&#1+-,%0)*.*&$/*)Tc$3+$0),$)+-3)UV`bXD)="%#P*)%'()#%.*)%0*1)0-P$0.)

play important roles in redistributing prey, nutrients and energy across different 

*+%&-%0)*,%0$*)TF-#*-'9),$)+-3)UVV[:)L,6%30$.),$)+-3)UV`U:)F-00-%/*),$)+-3)UV`\:)c$-&"%3*),$)

+-3)UVUUXD)c15$7$#:)/%'.)*"%#P)%'()#%.)*+$,-$*)%#$)#$0%&-7$0.)*/%00)%'()"%7$)*/%00$#)

"1/$)#%'9$*)TL300),$)+-3)UVUUX:)#$*30&-'9)-')%)/1#$)01,%0-R$()$,1019-,%0)#10$D)!"$)#10$*)

&"%&) *"%#P*) %'() #%.*) +0%.) -')/%#-'$) <11()5$K*) 7%#.) %/1'9) *+$,-$*:) +1+30%&-1'*)

%'() 0-<$) *&%9$*D)L1*&) *"%#P*)%'() #%.) *+$,-$*)%#$) #$0%&-7$0.) */%00) %'() 0-P$0.)"%7$)%)

meso-predatory role in their marine food webs, where these species exert diffuse 

+#$(%&-1')1')+#$.),1//3'-&-$*)Tc$3+$0),$)+-3)UV`W:)@%7-%),$)+-3)UV`^XD)4%#9$]K1(-$()

+#$(%&1#.)*+$,-$*)*3,")%*)"%//$#"$%()*"%#P*:)K300)*"%#P*)%'()5"-&$)*"%#P*)1,,3+.)

positions near the top of the food web and, therefore, fulfill a more top-predator or 

$7$')%+$i]+#$(%&1#)+1*-&-1')Tc$3+$0),$)+-3)UV`W:)@%7-%),$)+-3)UV`^XD)c15$7$#:)&"$*$)

0%#9$#)*+$,-$*)1<&$')%,&)%*)&#%'*-$'&)&1+]+#$(%&1#*:)/$%'-'9)&"$.)%#$)'1&)+$#/%'$'&0.)

+#$*$'&)K3&)$i$#&),1',$'&#%&$()+#$(%&-1')+#$**3#$)1')/$*1+#$(%&1#*)Tc$3+$0),$)+-3

UV`WXD)G1&")/$*1]+#$(%&1#.)%'()&1+]+#$(%&1#.)$0%*/1K#%',"*),%')$i$#&)&1+](15')

effects on lower trophic organisms, impacting their abundance and restructuring 

+#$.),1//3'-&-$*)TO015$#*),$)+-3)UVU`:)c$-&"%3*),$)+-3)UVUUXD)!"$)#$/17%0)1<)&"$*$)

+#$(%&1#.) *+$,-$*) -*) ".+1&"$*-R$() &1) "%7$) ,%*,%(-'9) ,1'*$n3$',$*) 1') 17$#%00)

$,1*.*&$/)<3',&-1'-'9)%'()/%#-'$)$,1*.*&$/)*$#7-,$*)T$D9D:),%#K1')*$n3$*&#%&-1'X)

Tc$-&"%3*),$)+-3)UVV\:)M&511(),$)+-3)UV`bXD)c15$7$#:)*&3(-$*)<1,3*-'9)1')&"$),%*,%(-'9)

effects of shark removal provide mixed results (e.g., Bascompte ,$)+-3)UVVb:)L.$#*)

,$)+-3)UVV[:)O$##$&&-),$)+-3)UV`V:)@%7-%),$)+-3)UV`V:)2#3KK*),$)+-3 2016, Roff ,$)+-3)UV`^X:)

with cascading effects likely reduced in predator-rich ecosystems (e.g., coral reefs) 

due to the relatively high ecological redundancy within predator communities (Roff 

,$) +-3 2016). In addition to the direct effects of predation, predatory sharks also 

influence prey behavior with their presence. These so-called ‘’risk effects’’ of sharks 

can influence prey species’ behavior, distribution and physiology (Wirsing ,$)+-3)UVV[:)

c%//$#*,"0%9),$)+-3)UV`b:)UV`Z%:)UVUU:)C%*"$#),$)+-3)UV`[XD

9*"*1,'"%)':;#&"*,
M<&$#) WVV) /-00-1') .$%#*) 1<) $7103&-1':) *3#7-7-'9) *-i) /%**]$i&-',&-1') $7$'&*:) %'()

1,,3+.-'9)/1*&)%n3%&-,)"%K-&%&*:)*"%#P*)%'()#%.*)'15)<%,$)%)7%#-$&.)1<)&"#$%&*)(3$)

&1)%),1/K-'%&-1')1<)<%,&1#*:)-',03(-'9)&"$-#)0-<$)"-*&1#.)&#%-&*:)17$#$i+01-&%&-1')TK1&")

%*) &%#9$&$() ,%&,") %'() K.,%&,"X) %'() "%K-&%&) ($9#%(%&-1'D) =+$,-$*) &"%&) *+$,-%0-R$()

&"#139")'%&3#%0)*$0$,&-1':)*3,")%*)&"$)9#$%&)"%//$#"$%()*"%#P)T<50'&#+)*"8+&&+#X)
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and blackchin guitarfish (A-+1/"2$,(12) /,*%/1-12X:) 5"-,") "%7$) $'0%#9$() "$%(*:) %#$)

'15)-',#$%*-'90.)730'$#%K0$)&1)K$),%+&3#$()-')'$&*)(3$)&1)&"$-#)3'-n3$)$7103&-1'%#.)

%(%+&%&-1'*)TO-93#$)`D`XD)G.)01*-'9)*"%#P*)%'()#%.*:)5$)%0*1)#-*P)01*-'9)&"$-#)$,1019-,%0)

#10$*)%'() -'&$#%,&-1'*:)/-00-1'*)1<).$%#*)1<)$7103&-1'%#.)(-*&-',&-7$'$**) T=&$-'),$)+-3

UV`\X:)%'()&"$-#)-/+1#&%'&)*1,-1],30&3#%0)#10$*)-')/%'.)-'(-9$'13*),30&3#$*)T*+,(-XD

="%#P)%'()#%.),%&,"$*)-',#$%*$()17$#)&"$)+%*&)($,%($*)%'()*&%#&$()&1)($,#$%*$)-')

UVV_)(3$)&1)($,0-'$*)-')*"%#P)%'()#%.)+1+30%&-1'*)T?307.),$)+-3)UV`WXD)M0&"139")5$00]

managed and sustainable shark fisheries do exist (Simpfendorfer and Dulvy 2017, 

Shiffman ,$)+-3 2023), in the majority of fisheries around the world, sharks and rays 

%#$)*&-00)$i+01-&$()%&)3'*3*&%-'%K0$)0$7$0*:)%'()/%'.)+1+30%&-1'*)"%7$)K$$')*$7$#$0.)

($+0$&$() TF1#/) ,$) +-3) UV`_:) =-/+<$'(1#<$#) %'()?307.) UV`[XD) ="%#P*) %'() #%.*) %#$)

fished for a range of products: their liver is used to extract squalene (i.e., liver oil) for 

,1*/$&-,*)%'()/$(-,-'$*:)&"$-#)*P-')%*)*%'(+%+$#)1#)0$%&"$#:)%'()&"$-#),%#&-0%9$)<1#)

medicinal purposes. Gills and fins to make traditional medicine and shark-fin soup 

%'()*"%#P)/$%&)%#$),1'*3/$()-')/%'.),13'&#-$*)%#13'()&"$)51#0()T$D9D:)c%n3$)%'()

=+%$&)UVU`:)@-$($/p00$#),$)+-3)UVU`:)Y#%*$&.1),$)+-3 2021). The trade in shark fins and 

/$%&),1'*&-&3&$*)&"$)0%#9$*&)*"%#$)1<)&"$)&1&%0)&#%($)-')*"%#P)+#1(3,&*:),%3*-'9)&"$*$)

two commodities to drive the majority of shark and ray fisheries (Clarke ,$)+-3)UVV[:)

@-$($/p00$#),$)+-3)UVU`XD

63##$'&0.:) /1#$) &"%') 1'$]&"-#() 1<) %00) *"%#P) %'() #%.) *+$,-$*) %#$) &"#$%&$'$() 5-&")

extinction, making chondrichthyan fishes (i.e., sharks, rays and chimeras) the second 

/1*&)&"#$%&$'$()*+$,-$*)9#13+)1<)7$#&$K#%&$*)T%<&$#)%/+"-K-%'*m)?307.),$)+-3)UVU`XD)

M0&"139")17$#$i+01-&%&-1') -*) &"$)/%H1#)(#-7$#) 1<) &"-*) $i&-',&-1') #-*P) -') *"%#P*) %'()

#%.*:)"%K-&%&)($9#%(%&-1')%0*1),1'&#-K3&$*)&1)&"$)($,0-'$)-')&"$),1'*$#7%&-1')*&%&3*)

1<)%K13&)_`q)1<)&"$)*+$,-$*)T?307.),$)+-3)UVU`XD)@$%#*"1#$)"%K-&%&*)0-P$)/%'9#17$*:)

*$%9#%**)<1#$*&*)%'(),1#%0)#$$<*)%#$)-/+1#&%'&)<1#)/%'.)*"%#P)%'()#%.)*+$,-$*D)=1/$)

*+$,-$*)3*$)'$%#*"1#$)"%K-&%&*)(3#-'9)$%#0.)0-<$)*&%9$*)%*)'3#*$#.)%#$%*:)5"-0$)1&"$#)

*+$,-$*)3*$) &"$*$)"%K-&%&*) &"#139"13&) &"$-#) 0-<$,.,0$)1#)%*) *$%*1'%0) <$$(-'9)%#$%*)

TQ'-+) ,$) +-3 2010). Furthermore, some species of sharks and rays are specifically 

%(%+&$() &1) &"$*$) *"%0015]5%&$#) "%K-&%&*:) /1*&0.) &%P-'9) %(7%'&%9$) 1<) &"$) "-9")

%K3'(%',$)1<)K$'&"-,)+#$.)*+$,-$*)%'()#$0%&-7$)*%<$&.)(3$)&1)&"$)%K*$',$)1<)0%#9$)

+#$(%&1#.)*+$,-$*)TQ'-+),$)+-3)UV`VXD)!"$#$<1#$:)&"$),1'&-'3$()($9#%(%&-1')%'()01**)1<)

&"$*$)-/+1#&%'&)"%K-&%&*)(3$)&1),1%*&%0)($7$01+/$'&:),0-/%&$),"%'9$)%'()+1003&-1')

%0*1)-/+%,&*)&"$)*+$,-$*)1<)*"%#P*)%'()#%.*)&"%&)($+$'()1')&"$/)TQ'-+),$)+-3)UV`V:)

?307.),$)+-3)UVU`XD)A'$)&.+$)1<)"%K-&%&)1<&$')17$#011P$()-')*"%#P)%'()#%.)$,1019.)-*)

&"$)-'&$#&-(%0:)&"$)"%K-&%&*)&"%&)&"-*)&"$*-*)<1,3*$*)1'D)
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;'&$#&-(%0)%#$%*)#$+#$*$'&)&"$)&#%'*-&-1')K$&5$$')&$##$*&#-%0)%'()/%#-'$)$,1*.*&$/*D)

These areas contain extensive intertidal flats comprising rocks, coral, sand or mud 

exposed during low tide and submerged during higher tidal phases. These flats are 

1<&$'),1''$,&$()K.)7%*&)'$&51#P*)1<)&-(%0),"%''$0*)%'()9300-$*:)0-'$()5-&")/%'9#17$)

<1#$*&*)1#)&-(%0)/%#*"$*:),17$#$()5-&")*$%9#%**)1#),1'&%-')0%#9$)T-'&$#&-(%0X)0%911'*)

and pools. They form under combinations of sufficient sediment supply from rivers or 

atmospheric dust and sufficient tidal amplitude/energy (Figure 1.2). Intertidal areas 

are essential for many ecosystem services, like food production (e.g., shellfish, fish 

and shrimp fisheries) and as a natural form of coastal protection (Bouma ,$)+-3)UV`W:)

L3##%.),$)+-3)UV`ZXD) ;'&$#&-(%0)%#$%*)%#$),01*$0.) 0-'P$() &1),1%*&%0) ,1//3'-&-$*)%'()

+#17-($)0-7$0-"11(*)%'()+#1&$,&-1')<1#)/-00-1'*)901K%00.D)!"$-#)$i&$'&)-*),1/+%#%K0$)

&1)&"%&)1<)&"$)51#0(J*)/%'9#17$)<1#$*&*:)%'()%0&"139")1<&$')(-#$,&0.)%**1,-%&$()5-&")

/%'9#17$)<1#$*&*:)-'&$#&-(%0)%#$%*)"%7$)%)901K%0)(-*&#-K3&-1')TL3##%.),$)+-3)UV`ZXD)

Figure 1.2)201K%0)(-*&#-K3&-1')1<)&"$)0%#9$*&)̀ VV)-'&$#&-(%0)%#$%*)T.$0015m)%(%+&$()<#1/)L3##%.),$)
+-3)UV`ZXD);'&$#&-(%0)%#$%*)%#$)/1*&0.)(-*&#-K3&$()-')%#$%*)-')#-7$#)TK03$)0-'$*X)$*&3%#-$*)%'()5"$#$)
&-(%0)#%'9$*)%#$)"-9")T0-9"&)K03$)r)/-,#1&-(%0)sUDV/:)(%#P)K03$)r)/$*1&-(%0)UDV]WDV/:)+3#+0$)r)
/%,#1&-(%0)tWDV/XD

Asia contains, by far, the most intertidal flat habitat, containing 44% of the global 

extent of intertidal flats. Intertidal flats are most common in areas with high 

*$(-/$'&%&-1') #%&$*) T$D9D:) $*&3%#-$*) %'() ($0&%*X:) 0%#9$) &-(%0) #%'9$*:) %'() ,1%*&0-'$*)
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&"%&)%#$)'%&3#%00.)015)%'()9#%(3%00.)*01+-'9)TL3##%.),$)+-3)UV`ZXD)4-P$)/%'.),1%*&%0)

$,1*.*&$/*:)-'&$#&-(%0)%#$%*)%#$)&"#$%&$'$()K.)*$7$#%0)%'&"#1+19$'-,)(-*&3#K%',$*D)

61%*&%0) ($7$01+/$'&:) ,1%*&%0) $#1*-1') 1#) ,"%'9$*) -') *$(-/$'&) ($+1*-&-1':) %'()

,1'&-'3$() #-*-'9) *$%) 0$7$0*) ,%3*$) /%'.) -'&$#&-(%0) %#$%*) &1) ($9#%($) 1#) (-*%++$%#)

T41&R$),$)+-3)UVV^:)L3##%.),$)+-3)UV`Z:)c-00),$)+-3 2021). The first estimate on the status of 

intertidal flat habitats on a global scale concluded that 16% of the extent of intertidal 

flats was lost between 1984 and 2016 (Murray ,$)+-3)UV`ZX:)%'()1'0.)_`q)-*),3##$'&0.)

01,%&$()5-&"-')+#1&$,&$()%#$%*)Tc-00),$)+-3)UVU`XD

:;&'&-+.+53'+7'*;&'?%*&#*$)".
;'&$#&-(%0) %#$%*)%#$)"-9"0.)(.'%/-,)%#$%*:)5"-,")%#$) ,"%00$'9-'9)%#$%*) <1#) *+$,-$*)

&1)0-7$)(3$)&1)&"$),1'&-'313*),.,0$)1<)-',1/-'9)%'()#$,$(-'9)&-($*D)4%#9$)-'&$#&-(%0)

%#$%*) %#$)1<&$') %**1,-%&$()5-&")/%'9#17$) <1#$*&*:) *$%9#%**)1#)/%,#1]%09%$)K$(*:)

and shellfish reefs, which form the basis of the intertidal food web, offer protections 

<1#)*+$,-$*)3*-'9)&"$)-'&$#&-(%0:)%'()*&%K-0-R$)*$(-/$'&*)%9%-'*&)$#1*-1')T@%9$0P$#P$')

,$)+-3)UVVV:)L-'$001),$)+-3)UVV_:)?$$9%'),$)+-3)UV`UXD);'&$#&-(%0)%#$%*)%#$)P'15')<1#)&"$-#)

#-,")-'7$#&$K#%&$)0-<$:)*3++1#&-'9)/%'.)*+$,-$*)1<)K-7%07$*:)+10.,"%$&$*:)9%*&#1+1(*:)

$,"-'1($#/*) %'() ,#3*&%,$%'*D) ;') &"$) #1,P.) -'&$#&-(%0:)5"$#$) *+%,$) -*) 0-/-&$(:) &"$)

1#9%'-R%&-1')1<)-'7$#&$K#%&$),1//3'-&-$*)-*)0%#9$0.)($&$#/-'$()K.),1/+$&-&-1')<1#)

space and the top-down effects of predation (Paine 1974). In soft-bottom intertidal 

flats, space is often a less limiting factor, making predation the most important 

*&#3,&3#-'9)<%,&1#)<1#)-'7$#&$K#%&$),1//3'-&-$*)T4$5-*),$)+-3)UVV[XD)c15$7$#:)1&"$#)

physical factors (i.e., elevation and exposure to waves) will likely influence species 

(-*&#-K3&-1') %'() ,1//3'-&.) ,1/+1*-&-1') %,#1**) &"$*$) "%K-&%&*) TY$&$#*1') `ZZ`XD)

!"$*$)015$#)&#1+"-,)1#9%'-*/*)#$+#$*$'&)%')-/+1#&%'&)+#$.),1//3'-&.)<1#)"-9"$#)

&#1+"-,),1'*3/$#*D

Many fish species use the intertidal as nursery and feeding areas, including 

,1//$#,-%00.) -/+1#&%'&)*+$,-$*) TG-'$&),$)+-3)UV`_:)61##$-%),$)+-3)UVU`X:)"-9"0-9"&-'9)

the importance of intertidal areas for commercial fisheries. Terrestrial mammals like 

6"%,/%)K%K11'*)TE+5%")1&2%#12X:)9#%.)5107$*)T.+#%2) -1512X:)*&#-+$()".$'%*)TF'+,#+)

0'+,#+X)%'()K#15')K$%#*)TG&212)+&/$"2X)<$$()-')&"$)-'&$#&-(%0)1')K-7%07$*:),#%K*)%'()

K%#'%,0$*)T6%#0&1')%'()c1(($#)UVV_X:)%'()/%#-'$)/%//%0*)0-P$)K1&&0$'1*$)(10+"-'*)

TH1&2%"52) $&1#/+$12) trap and prey on fish (Vermeulen 2018) on submerged tide 

flats, and the Antillean manatee (H&%/0,/012)*+#+$12)*+#+$12X)$'&$#*)&"$)-'&$#&-(%0)

R1'$) &1) <$$() 1') 7$9$&%&-1') T=+-$9$0K$#9$#) %'() 2%'*01**$#) UVVbXD) F%($#*) T1#($#)

6"%#%(#--<1#/$*:)-')&"-*)&"$*-*)%0*1)#$<$##$()&1)%*)5%(-'9)K-#(*X)#$+#$*$'&)1'$)1<)&"$)
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/1*&)'3/$#13*)+#$(%&1#.)9#13+*)-')&"$)-'&$#&-(%0:)5-&")/-00-1'*)1<)5%($#*)/-9#%&-'9)

K$&5$$')-'&$#&-(%0)%#$%*)%''3%00.D)O1#)$i%/+0$:),01*$)&1)UVV:VVV)#$()P'1&*)T.+-%7&%2)

/+#1$12X) %'()UbV:VVV)K%#]&%-0$() 91(5-&*) TI%*"2+) -+55"#%/+X) 7-*-&) &"$)G%',)(JM#93-')

TL%3#-&%'-%X) $7$#.) .$%#) (3#-'9) &"$) K1#$%0) 5-'&$#) /1'&"*) TA3(/%') ,$) +-3) UVUVXD)

="1#$K-#(*)T-D$D:)5%($#*:)6"%#%(#--<1#/$*X)3*$)&#1+-,%0) -'&$#&-(%0)%#$%*)%*)5-'&$#-'9)

"%K-&%&*:)($+$'(-'9)1')&"$)#-,")$'(1K$'&"-,),1//3'-&-$*:)&1)<3$0)3+)<1#)&"$-#)01'9)

#$&3#')/-9#%&-1'*)'1#&"D)!"$)+#$(%&-1')1<) T/-9#%&1#.X)*"1#$K-#(*)1') -'7$#&$K#%&$*)

(i.e., endobenthos) in soft-bottom intertidal flats can impact the community structure 

1<)&"$*$)+#$.)*+$,-$*)T!"#3*"),$)+-3)`ZZW:)B5%#&)%'()8'*)`ZZZ:)B"%#-P17)%'()=P-00$&$#)

2003), but can also directly influence the biogeochemistry (van Gils ,$)+-3)UV`UX)%'()

biogeomorphology of intertidal areas through cascading effects of predation TG11&.)

,$) +-3 2020). The number of shorebirds along the migratory flyways has dwindled 

17$#)&"$)+%*&)($,%($*:)5-&")&"$)"%K-&%&)n3%0-&.)1<)-'&$#&-(%0)%#$%*:),0-/%&$),"%'9$)%'()

1&"$#)(-*&3#K%',$*)%01'9)&"$*$)+%&"5%.*)%*)0-P$0.),%3*$*)TA3(/%'),$)+-3)UVUV:)7%')

2-0*),$)+-3)UV`^XD

:(42$4,)#1'!"#$%&'#()'*#+&'<-"2&,&'=/41,(2>
;'&$#&-(%0) %#$%*) "%7$) *1) <%#) /1*&0.) K$$') *&3(-$() <#1/) %) EJ015]&-($) +$#*+$,&-7$l:)

focusing on what happens in exposed mudflats during low tide, often with (migratory) 

*"1#$K-#(*) %*) &"$)+#-/%#.) -'&$#&-(%0) +#$(%&1#*D) !"-*) &"$*-*) <1,3*$*)1') *"%#P*) %'()

rays using the intertidal, especially at high tide. Specifically, we studied which species 

3*$) &"$*$) ,"%00$'9-'9)"%K-&%&*:) "15) &"$*$)+#$(%&1#.) $0%*/1K#%',"*) -'&$#%,&)5-&")

/-9#%&1#.)5%($#*)%'()"15)%'&"#1+19$'-,)(-*&3#K%',$*)-')-'&$#&-(%0)%#$%*)&"#$%&$')

*"%#P*)%'()#%.*D)O1#)&"-*:)5$)<1,3*)1')&"$)&51)0%#9$*&)&#1+-,%0:)*1<&]K1&&1/)-'&$#&-(%0)

%#$%*)-')F$*&)M<#-,%:)01,%&$()%01'9)&"$)8%*&)M&0%'&-,)O0.5%.)<1#)*"1#$K-#(*S)&"$)G%',)

(JM#93-')-')L%3#-&%'-%)%'()&"$)G-H%9I*)M#,"-+$0%91)-')23-'$%]G-**%3)T*$$)*+,(*XD);')
K1&")%#$%*:)5$),100%K1#%&$()5-&")01,%0)#$*$%#,"$#*:),1'*$#7%&-1'-*&*)%'(),1//3'-&.)

/$/K$#*)T*$$)*+,(!XD

!"-*) &"$*-*) ,1'*-*&*) 1<) <13#) &"$/$*) &"%&) <1,3*) 1') -'&$#&-(%0) *"%#P*) %'() #%.*S) T2X)
O-*"$#-$*:)T22X)?-7$#*-&.)u)4-<$)c-*&1#.:)T222X)=+$,-$*);'&$#%,&-1'*:)%'()T2FX)61'*$#7%&-1'D)
The first section focuses on how fisheries impact sharks and rays within the region (23(
405"&'0&5). For this, we studied the distant-water industrial fishing vessels operating 

in the waters of Mauritania and Guinea-Bissau and determined their potential effects 

1')/1K-0$)*"%#P)%'()#%.)*+$,-$*)3*-'9)-'&$#&-(%0)%#$%*)T!"#$%&'(6XD);')%((-&-1':)5$)
($&$#/-'$()&"$)"-*&1#-,%0)+1+30%&-1')&#$'(*)<1#)*"%#P*)%'()#%.*)-')&"$)G%',)(JM#93-')

based on a long-term monitoring program of fish landing sites (!"#$%&'(7X:)%'()5$)
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!
#$,1'*&#3,&$()"-*&1#-,%0)+1+30%&-1')&#$'(*)<1#)&"$)G-H%9I*)M#,"-+$0%91S)%)+0%,$)5"$#$)

"-*&1#-,%0)(%&%)1')*"%#P*)%'()#%.*)-*)0%,P-'9D)O1#)&"-*:)5$)&3#'$()&1)&"1*$)5"1)P'15)

the waters of the archipelago best: fishers (!"#$%&'(8XD)

F$) &"$') <1,3*)1') &"$)(-*&#-K3&-1':) ,1//3'-&.) *&#3,&3#$:)%'() 0-<$)"-*&1#.) &#%-&*) T223(
90:&'50%;( <( =0>&(?05%+';XD) !"$*$) *&3(-$*) <1,3*$() 1') ($*,#-K-'9) &"$) (-7$#*-&.) %'()
,1//3'-&.) ,1/+1*-&-1') 1<) *"%#P*) %'() #%.*) -') &"$) G-H%9I*) M#,"-+$0%91) K%*$() 1')

a combination of an environmental DNA (eDNA) approach and a pilot fisheries 

1K*$#7$#) +#19#%/) T!"#$%&'( @XD) ;') %((-&-1':) 5$) ($&$#/-'$() -/+1#&%'&) 0-<$) "-*&1#.)
+%#%/$&$#*) 1<) &"$)/1*&) ,1//1') $0%*/1K#%',") *+$,-$*) 1<) &"$)G-H%9I*S) &"$) +$%#0)

5"-+#%.)T!"#$%$&'("#)*+&(+&%$,--+m)!"#$%&'(AXD)

;') &"$) '$i&) *$,&-1') T2223( .$&/0&5( 21%&'#/%0+15X:) 5$) <1,3*$() 1') &"$) $,1019-,%0)
#10$) 1<) *"%#P*) %'() #%.*) -') -'&$#&-(%0) %#$%*:) "15) &"$.) -'&$#%,&)5-&")1&"$#) -'&$#&-(%0)

+#$(%&1#.)*+$,-$*)9#13+*:)%'()"15)&"$.),%')+1&$'&-%00.),"%'9$)-'&$#&-(%0)0%'(*,%+$*D)

Specifically, we first review what is known about the intertidal habitat use of sharks 

%'()#%.*:)5".)&"$*$)%#$%*)%#$)-/+1#&%'&)&1)&"$*$)*+$,-$*)%'()B%/,)B,&2+:)5".)*"%#P*)

%'()#%.*)/%.)"%7$)-/+1#&%'&)$,1019-,%0)#10$*)-')-'&$#&-(%0)%#$%*)T!"#$%&'(BXD)F$)&"$')
($&$#/-'$()-<)*"%#P*)%'()#%.*)3*-'9)-'&$#&-(%0)"%K-&%&*)-')&"$)G%',)(JM#93-')%'()&"$)

G-H%9I*)M#,"-+$0%91*)17$#0%+)-')&#1+"-,)'-,"$)T-D$D:)3*$)&"$)*%/$)-'&$#&-(%0)#$*13#,$*X)

%*)/-9#%&1#.)5%($#*)%'()5"%&)&"$)-/+0-,%&-1'*)1<)&"-*)-'&$#%,&-1'),130()K$)T!"#$%&'(
CXD) ;')%((-&-1':)5$)<1,3*)1')"15)K$'&"-,)#%.*)%'()&"$-#)#10$)%*)-'&$#&-(%0)+#$(%&1#*)
,%')+1&$'&-%00.),"%'9$)&"$)$'&-#$)-'&$#&-(%0)0%'(*,%+$)%'()5"%&)&"-*)/$%'*)<1#)&"$-#)

,1'*$#7%&-1')T!"#$%&'(EXD)

;')&"$)0%*&)*$,&-1':)5$)<1,3*$()1')&"$),1'*$#7%&-1')1<)$0%*/1K#%',"*)%'()&"$-#)#10$*)

-') $,1*.*&$/*) %'() ,1%*&%0) 0-7$0-"11(*) T2F3( !+15&':#%0+1XD) !1) $'*3#$) &"%&) '$50.)
($*-9'%&$()/%#-'$) +#1&$,&$() %#$%*) TLYM*X) ,%') -',1#+1#%&$) &"$)/1*&) $,1019-,%00.)

-/+1#&%'&) %#$%*) <1#) *"%#P*) %'() #%.*:) 5$) ($&$#/-'$() ,#-&$#-%) %'() 93-($0-'$*) <1#)

($0-'$%&-'9) ;/+1#&%'&)="%#P)%'()C%.)M#$%*)T;=CM*m)*+,(4XD)!"-*) -*)$*+$,-%00.)&-/$0.)
9-7$')&"$)_Vi_V)-'-&-%&-7$)T-D$D:)+#1&$,&-'9)_Vq)1<)&"$)/%#-'$)$'7-#1'/$'&)K.)UV_VX)

%9#$$()3+1')K.)&"$)61'<$#$',$)1<)Y%#&-$*)1<)&"$)61'7$'&-1')1')G-1019-,%0)?-7$#*-&.D)

O1#),1'*$#7%&-1')*&#%&$9-$*)%-/$()%&)-/+#17-'9)&"$)*&%&3*)1<)*"%#P*)%'()#%.*)&1)K$)

*3,,$**<30:)&"$)*1,-1],30&3#%0)%'()$,1'1/-,)-/+1#&%',$)1<)*"%#P*),%''1&)K$)-9'1#$(D)

L-00-1'*)1<)0-7$0-"11(*)($+$'()1')&"$)&#%($)-')*"%#P*)%'()#%.*:)%'()-',03(-'9)&"$*$)

%*+$,&*)-'),1'*$#7%&-1')*&#%&$9-$*)5-00)-/+#17$)&"$)$i-*&-'9)/%'%9$/$'&)1<)*"%#P*)

%'()#%.*D)F$)($&$#/-'$()-/+1#&%'&)0$**1'*)0$%#'$()<#1/)#$*$%#,"$#*)51#0(5-($)1')

"15)&1),1'(3,&)%'()/%+)*"%#P)7%03$),"%-'*)T!"#$%&'()GXD)
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Lastly, I combined the findings of all these studies and put them into a wider 

$,1019-,%0) %'() ,1'*$#7%&-1') ,1'&$i&) TChapter 11, General DiscussionXD) ;) <1,3*$()
1')5"-,")*"%#P)%'()#%.)*+$,-$*)"%7$)-/+1#&%'&)-'&$#&-(%0)#10$*:)"15)&"$*$)#10$*)%#$)

+1&$'&-%00.) -/+%,&$() K.) &"$-#) ($&$#-1#%&-'9) ,1'*$#7%&-1') *&%&3*:) 5"%&) &"-*) /$%'*)

<1#)1&"$#)+#$(%&1#.)*+$,-$*)9#13+*)3*-'9)-'&$#&-(%0)%#$%*:)%'()5"%&)&"-*)-/+0-$*)-')%)

901K%0),1'&$i&)1<)-'&$#&-(%0)$,1019.D
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!?=@';6'!=5:=A5BC-B*;C';DE'F5=D=G:5'H;CBF'=I'!J;*K!
="%#P*) %'() #%.*) ,%') +0%.) %') -/+1#&%'&) #10$) -')/%#-'$) $,1*.*&$/*) Tc$3+$0)

,$) +-3) UV`W:) O015$#*) ,$) +-3) UVU`X) K3&) %0*1) +0%.) %') -/+1#&%'&) #10$) -') &"$)

,30&3#$) %'() *1,-1]$,1'1/-,*) 1<) ,1%*&%0) ,1//3'-&-$*) T$D9D:) Y3'-5%-) UVUVXD)

Besides the lucrative shark fin trade, other shark commodities can also be 

-/+1#&%'&)(#-7$#*)1<) 01,%0:) #$9-1'%0:) '%&-1'%0) 1#) $7$') -'&$#'%&-1'%0) &#%($)1#)

K$)%')-/+1#&%'&)+-00%#)<1#)<11()*$,3#-&.)Tc%*%'),$)+-3)UV`[:)@-$($/p00$#),$)+-3

UVU`XD);')%#$%*)5"$#$)/30&-+0$)*"%#P),1//1(-&-$*)%#$)+#1,$**$()%'()&#%($(:)

+#1(3,&*) *3,") %*) *"%#P) *P-':) 0-7$#) 1-0) 1#)/$%&) ,%')K$) -/+1#&%'&) *13#,$*) 1<)

-',1/$) <1#) 01,%0) ,1//3'-&-$*) Tc%n3$) %'() =+%$&) UVU`XD) 201K%00.:) &"$) *"%#P)

meat trade has a total estimated value of 2.6 billion USD (shark fins: 1.5 billion 

>=?X:)5-&")0-P$0.)/-00-1'*)1<)+$1+0$)-'),1%*&%0),1//3'-&-$*)(-#$,&0.)($+$'(-'9)

on shark fisheries for income or as a main source of protein (Niedemüller 

,$)+-3 2021). Archeological records from Peru show that shark fisheries have 

$i-*&$()1')&"$),13'&#.J*),1%*&0-'$)*-',$)%*)$%#0.)%*)`bVV]``VV)G6:)-'(-,%&-'9)

&"%&) *"%#P*) 0-P$0.)+0%.$()%') -/+1#&%'&) #10$) -') &"$)(%-0.) *3K*-*&$',$)1<) 01,%0)

Y$#37-%') ,1//3'-&-$*) &"#139"13&) "-*&1#.) TY#-$&1) UVU`XD) @15%(%.*:) *"%#P]

based ecotourism, like dive tourism or recreational catch-and-release fishing, 

,%')K$)-/+1#&%'&)+-00%#*)1<)&"$)01,%0)$,1'1/.)1<),1%*&%0),1//3'-&-$*)1#)$7$')

'%&-1'%0)$,1'1/-$*)T6-*'$#1*]L1'&$/%.1#),$)+-3)UV`_XD

G$*-($*) &"$) $,1'1/-,) -/+1#&%',$) 1<) *"%#P*:) &"$*$) *+$,-$*) ,%') %0*1) +0%.) %')

-/+1#&%'&)#10$)-')&"$),30&3#$)%'()&#%(-&-1'*)1<),1%*&%0),1//3'-&-$*D)!"$),3#-'9)1<)

&"$)/$%&)1<)&"$)2#$$'0%'()*"%#P)T<"*#%"212)*%/&"/,50+-12X)<1#)&"$);,$0%'(-,)(-*")

Qv*&3#)"wP%#-)-*),1'*-($#$()%')%#&)%'()-*)#$9%#($()%*)1'$)1<)&"$)/1*&)-/+1#&%'&)

'%&-1'%0) ($0-,%,-$*) TF$-,"*$0K%3/) ,$) +-3) UVVZXD) ;') 1&"$#) ,30&3#$*:) -') %((-&-1')

&1)K$-'9)%') -/+1#&%'&) <11()*13#,$:) *"%#P*)"%7$) -/+1#&%'&) #10$*) -') &#%(-&-1'%0)

,$#$/1'-$*) %'() -'(-9$'13*) K$0-$<*D) ;') &"$*$) -'(-9$'13*) *1,-$&-$*:) *"%#P*) %'()

#%.*) "%7$) +1*-&-7$) %**1,-%&-1'*) %'() 7%03$*:) 1<&$') #$+#$*$'&-'9) *&#$'9&") %'()

K#%7$#.:)*-/-0%#)&1)"15)K$%#*:)0-1'*)%'()$%90$*)%#$)3*$()-')F$*&$#')*./K10-*/)

TL,?%7-&&)UVVbXD)O1#)$i%/+0$:)*"%#P*)#$+#$*$'&)%',$*&#%0),#$%&1#*)T-D$D:)E&1&$/*JX)

<1#) MK1#-9-'%0) *1,-$&-$*) 1<) M3*&#%0-%J*) !1+) 8'() T'1#&"$#'/1*&) #$9-1') 1<) &"$)

Northern Territory). Here, the shark represents justified vengeance, stingrays 

symbolize cultural survival, and sawfish are the creators of rivers (McDavitt 2005). 
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For indigenous societies in Pacific Island Nations like the Solomon Islands and 

Hawaii, sharks are regarded as embodiments of gods or are offered to significant 

,1//3'-&.) /$/K$#*) %'() <%/-0.) (3#-'9) &#%(-&-1'%0) ,$#$/1'-$*) %'() *+$,-%0)

1,,%*-1'*)T!"%/%'),$)+-3)UV`V:)c.0&1'),$)+-3)UV`[:)Y3'-5%-)UVUVXD)c15$7$#:)&"-*)

cultural importance is losing significance due to the increasing pressure on shark 

populations and fishing communities due to the development of international 

/%#P$&*)-')7%03%K0$)*"%#P),1//1(-&-$*)17$#)&"$)+%*&)($,%($*)Tc.0&1'),$)+-3)UV`[XD

Figure A1)8i%/+0$*)1<)*"%#P*)%'()#%.*)-')&"$)G-H%9I),30&3#$S)&"$)#$9-1'%0),3##$',.)T6$'&#%0)
African Franc) displays a sawfish-inspired symbol (top-left), the construction of a saw-fish 
-'*+-#$(),1//3'-&.)K3-0(-'9)1')&"$)-*0%'()1<)O1#/1*%)T,$'&$#X:)%'()%)*"%#P]-'*+-#$()/%*P)
5-&")&$$&")1<)%)K300)*"%#P)T.+&/0+&0%#12)-,1/+2X)3*$()-')&#%(-&-1'%0),$#$/1'-$*)T#-9"&XD)

L%'.)1<)&"$*$),13'&#-$*)1#),1//3'-&-$*)*./K10-R$)&"$)-/+1#&%',$)1<)*"%#P*)&1)

&"$-#),30&3#$)1')&"$-#),3##$',.)T$D9D:)&"$)6$'&#%0)M<#-,%')6OM)O#%',:)3*$()-')23-'$%]

G-**%3m)Figure A1X:),1($)1<)%#/*)T$D9D:)=101/1');*0%'(*:)c.0&1'),$)+-3)UV`[X:)*"%#P)
%'() #%.]K%*$()/%*P*) %'() ,$#$/1'-%0) %&&-#$:) 1#) $7$') K3-0(-'9*D) ;') &"$)G-H%9I*)

M#,"-+$0%91)T23-'$%]G-**%3X:)&#%(-&-1'%0)G-H%9I),$#$/1'-$*)*3,")%*)&"$),1/-'9]

1<]%9$) ,$#$/1'.) <1#) /$') T-D$D:) E<%'%(1JX) &.+-,%00.) -'7107$) ,$#$/1'-%0) (%',$*)

5-&")/%*P*) #$+#$*$'&-'9),15*:) *"%#P*)1#) #%.*) TO-93#$)M`XD) =1/$)/%*P*) -') &"$)

shape of sawfish symbolize companionship and strength, whereas masks based 
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!on hammerhead and other sharks symbolize strength and power. Sawfish are 

,1'*-($#$()&1)K$)-/+1#&%'&)*+$,-$*)&1)K1&")MK1#-9-'%0)%'()G-H%9I),1//3'-&-$*:)

which is highlighted by the construction of sawfish-shaped community buildings 

%01'9)&"$)M'93#393)C-7$#)TM3*&#%0-%:)L,?%7-&&)UVVbX)%'()1')&"$)-*0%'()1<)O1#/1*%)

-') &"$)G-H%9I*)M#,"-+$0%91) TFigure A1XD) ;')%((-&-1':)/%'.) -'(-9$'13*)*1,-$&-$*)
have many different names for different shark and ray species, further indicating 

the significance of these species to their culture. For example, in the Bijagós 

Archipelago, the local Bijagó communities have more than 20 names for sawfish 

T4$$'$.)%'()Y1',$0$&)UV`bXD

!"$)7%03$)1<)*"%#P*)%'()#%.*)&1)01,%0)1#)$7$')'%&-1'%0)*1,-1$,1'1/-,)*.*&$/*:)

&#%(-&-1'*) %'() <11() *$,3#-&.) *"130() K$) ,1'*-($#$() 5"$') ($*-9'-'9) %'()

-/+0$/$'&-'9)/%'%9$/$'&)*&#%&$9-$*)TG%#P$#)%'()=,"03$**$0)UVVb:)G11&"),$)+-3

2019). Failing to do so may negatively impact conservation efforts and compliance 

Ta%-&$"),$)+-3)UV`^XD
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?=@'?6'!-BEL';*F;!

?#(9')M;$N/,(O'G#/$,4#(,#

!"$)G%',)(JM#93-')T1#)Y%#,)@%&-1'%0)(3)G%',)(JM#93-':)Y@GMm)UVx)`WJ@:)`^x)V^JFX)
-*)01,%&$()1')&"$)5$*&),1%*&)1<)L%3#-&%'-%)TFigure B1XD)!"$)'%&-1'%0)+%#P),17$#*)
`U:VVV)P/U)%'()%K13&)_Vq)1<)&"$)L%3#-&%'-%')M&0%'&-,),1%*&D)!"$)G%',)(JM#93-')
@%&-1'%0) Y%#P)5%*) $*&%K0-*"$() -') `Z[^) %'()($*-9'%&$() %*) %) CML=MC)F$&0%'()
*-&$) -')`Z\U)%'()%)>@8=6A)F1#0()c$#-&%9$)=-&$) -')`Z\ZD)O1#/$()%*)%)($0&%)1<)
&"$)%',-$'&)!%/%'#%**$&&)C-7$#:)&"$)G%',)(JM#93-')'15),1'&%-'*)/%'.)"%K-&%&*:)
<1#/-'9) %) ,1/+0$i) %'() (-7$#*$) 0%'(*,%+$D) !"$) +%#P) -*) ,"%#%,&$#-R$() K.) *%'()
dunes, intertidal flats, intertidal and subtidal seagrass beds, networks of channels 
%'() *"%0015)9300-$*:) %'()($$+$#) *3K&-(%0)5%&$#*D) !"$)+$#/%'$'&)3+5$00-'9)1<)
the Canary Current off the coast of Mauritania drives high productivity in these 
coastal ecosystems. This results in highly productive fishing grounds for offshore 
fisheries (Arístegui ,$)+-3)UVVZXD)!"-*)3+5$00-'9)%'()&"$)7%#-$&.)1<)"%K-&%&*)$'%K0$)
&"$)G%',)(JM#93-')&1)*3++1#&)/%'.)&$##$*&#-%0)%'()/%#-'$)*+$,-$*D

Figure B1 A7$#7-$5)1<)&"$)G%',)(JM#93-')TL%3#-&%'-%:)LC!X)5-&")%)#$+#$*$'&%&-7$)$i%/+0$)
1<) -&*) -'&$#&-(%0) "%K-&%&D) 6101#*) -'(-,%&$) &"$) 3+0%'() TK$-9$X:) -'&$#&-(%0) T.$0015X:) *"%0015)
*3K&-(%0)T0-9"&)K03$X)%'()*3K&-(%0)T(%#P)K03$XD
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!87$#.).$%#:)K$&5$$')`)&1)`Db)L-00-1')/-9#%&1#.)*"1#$K-#(*)7-*-&)&"$)G%',)(JM#93-':)

01,%&$()%01'9)&"$)8%*&)M&0%'&-,)O0.5%.:)&1)*+$'()&"$)K1#$%0)5-'&$#)/1'&"*)%'()&1)

feed on the rich benthic resources that the intertidal flats have to offer (Oudman 

,$) +-3 2020). Dense groups of fiddler crabs (J9&1/+) $+#(,&%X) #1%/) &"$) -'&$#&-(%0)

flats during low tide, and high densities of bivalves (including the large West 

M<#-,%')K011(.),1,P0$)<,#%-%+)2,#%-%2X)<1#/)%')-/+1#&%'&)-'&$#&-(%0)<11()*13#,$)<1#)

/%'.)*+$,-$*D)!"$)%#$%)-*)%0*1)-/+1#&%'&)&1)*$7$#%0)*"%#P)%'()#%.)*+$,-$*)%'()

-*)P'15')&1)K$) &"$)1'0.)*-&$)5"$#$) &"$)$'($/-,) <%0*$)*"%#P)#%.) TC0'#/0"&0%#+)

*+1&%$+#%,#2%2X) 5%*) $7$#) #$,1#($() K%*$() 1') %) */%00) '3/K$#) 1<) 1K*$#7%&-1'*)

<#1/)̀ ZZ\)&1)UV`U)T=h#$&)%'()@%.01#)UV`^XD)!"$)G%',)(JM#93-')*$#7$*)%*)%)'3#*$#.)

area for both (commercially important) bony fishes, sharks and rays. The Banc 

(JM#93-')-*)<3#&"$#)%')-/+1#&%'&)*-&$)<1#)*$%)&3#&0$*:)*3,")%*)&"$)9#$$')*$%)&3#&0$)

T.0,-"#%+)*'7+2X:)%'()<1#)/%#-'$)/%//%0*)0-P$)&"$)K1&&0$'1*$)(10+"-')TH1&2%"52)

$&1#/+$12X:)M&0%'&-,)"3/+K%,P)(10+"-') T<"12+) $,12=%%X:) &"$)L$(-&$##%'$%')/1'P)

*$%0) TK"#+/012) *"#+/012X) %'() &$##$*&#-%0) /%//%0*) 0-P$) &"$) ?1#,%*) 9%R$00$)

TA+=,--+)7"&/+2X)%'()M<#-,%')910($')510<)T.+#%2)-15+2$,&XD

F-&"-') &"$) +%#PJ*) K13'(%#-$*:) *$7$') 7-00%9$*) 1<) &"$) 01,%0) ;/#%93$') T/$%'-'9)

‘fishermen’ in Berber) tribe are located. Their economy is based on fishing, 

5"-,"1',$) 5%*) *3K*-*&$',$) 3*-'9) &#%(-&-1'%0) /$&"1(*) K3&) "%*) ($7$01+$()

into more commercial fisheries (e.g., targeting sharks and rays) over the past 

decades (Lemrabott 2023). Historically, Imraguen fishers have a symbiotic fishing 

/$&"1()-'),100%K1#%&-1')5-&")K1&&0$'1*$)(10+"-'*)&"%&:)-')&"$)+%*&:)5130()(#-7$)

dense schools of mullet into shallow waters for fishers to catch (Campredon 

and Cuq 2001). Within the Banc d’Arguin, the Imraguen have exclusive fishing 

#-9"&*)%'(),%')1'0.)3*$)%#&-*%'%0)/$&"1(*)T$D9D:)'1)$'9-'$)1#)1&"$#)/$,"%'-,%0)

aid). Traditional fishing methods are also under increasing threat from other 

fishers illegally entering the park and from distant-water industrial fisheries.

?,P#NQ&';$9",721#N.O'R/,(2#A?,&&#/

!"$)G-H%9I*)M#,"-+$0%91)TGMm)``x)`bJ@:)`^x)VbJFX),1'*-*&*)1<)\\)-*0%'(*)%'()-*0$&*)

and is located off the coast of Guinea-Bissau (Figure B2XD)!"$)$'&-#$)%#,"-+$0%91)
*+%'*)%')%#$%)1<)̀ U:Zb\)P/U)%'()5%*)#$,19'-R$()<1#)-&*)-/+1#&%',$)&1)K-1(-7$#*-&.)

%'() 01,%0) ,1//3'-&-$*D) ;&)5%*)($*-9'%&$()%*) %)>@8=6A)G-1*+"$#$)C$*$#7$) -')

`ZZ^)%'()%)CML=MC)F$&0%'()*-&$)-')UV`WD)!"$)%#,"-+$0%91)5%*)<1#/$()<#1/)%')

%',-$'&)($0&%)1<)&"$)2$K%)%'()2#%'($)($)G3K%)#-7$#*)%'()'15),1'*-*&*)1<)7%#-13*)
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/%#-'$) %'() &$##$*&#-%0) "%K-&%&*D) !"$) -*0%'(*) 1<) &"$) %#,"-+$0%91) %#$) 0-'$()5-&")

sandy beaches, dense mangrove forests and large intertidal flats. The islands are 

,1''$,&$()&"#139")%)'$&51#P)1<)&-(%0),"%''$0*)%'()9300-$*:)5"-,"),1''$,&)*"%0015)

"%K-&%&*)&1)($$+)*3K&-(%0)5%&$#*D)?3#-'9)&"$)#%-'.)*$%*1')TL%.)&1)A,&1K$#X:)&"$)

archipelago experiences influxes of large amounts of freshwater.

Figure B2 A7$#7-$5)1<)&"$)G-H%9I*)M#,"-+$0%91)T23-'$%]G-**%3:)2@GX)5-&")%)#$+#$*$'&%&-7$)
$i%/+0$)1<) -&*) -'&$#&-(%0) "%K-&%&D) 6101#*) -'(-,%&$) &"$)3+0%'() TK$-9$X:)/%'9#17$*) T9#$$'X:)
-'&$#&-(%0)T.$0015X:)*"%0015)*3K&-(%0)T0-9"&)K03$X)%'()*3K&-(%0)T(%#P)K03$XD

M') $*&-/%&$() UVV:VVV) &1) ^VV:VVV) /-9#%&1#.) *"1#$K-#(*) 7-*-&) &"$) %#,"-+$0%91)

%''3%00.)5"$')/-9#%&-'9)%01'9)&"$)8%*&)M&0%'&-,)O0.5%.)Tc$'#-n3$*),$)+-3)UVUUXD)

=-/-0%#) &1) &"$)G%',) (JM#93-':) &"$) *"1#$K-#(*) *+$'() &"$) K1#$%0)5-'&$#)/1'&"*)

-') &"$) %#,"-+$0%91) K$<1#$) /-9#%&-'9) K%,P) '1#&"D) !"$) %#,"-+$0%91) -*) "1/$) &1)

various species of bony fish, sharks and rays. For many of these (commercial) 

*+$,-$*:) &"$) %#,"-+$0%91J*) *"%0015) 5%&$#*) 0-P$0.) *$#7$) %*) %) '3#*$#.) %#$%D) !"$)

K$%,"$*)1<)&"$)%#,"-+$0%91)%#$)%')-/+1#&%'&)'$*&-'9)*-&$)<1#)&"$)9#$$')*$%)&3#&0$D)
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!O3#&"$#/1#$:)&"$)%#,"-+$0%91)+#17-($*)-/+1#&%'&)"%K-&%&*)<1#)&"$)@-0$),#1,1(-0$)

T.&"/"7'-12)#%-"$%/12X:)F$*&)M<#-,%')/%'%&$$)TH&%/0,/012)2,#,(+-,#2%2X:)K1&&0$'1*$)

(10+"-'*:)%'()&"$)/1*&)5$*&$#':)%'()1'0.)*%0&5%&$#)+1+30%&-1')1<)"-++1+1&%/3*)

TF%55"5"$+*12)+*50%L%"12XD

!"$)G-H%9I*)-*)"1/$)&1)%')$*&-/%&$()+1+30%&-1')1<)_V:VVV:)/1*&)1<)5"1/)K$01'9)

&1)&"$)G-H%9I)$&"'-,)9#13+D)M'-/%0*)0-P$),15*:)*"%#P*)%'()#%.*)+0%.)%')-/+1#&%'&)

#10$) -') &"$)G-H%9I) ,30&3#$) T*$$)*+,( 2X:) $*+$,-%00.) -') &#%(-&-1'%0) ,$#$/1'-$*)%'()
celebrations. Traditionally, fishing was only done for subsistence, but it has 

($7$01+$()17$#)&"$)+%*&)($,%($*)%'()-*)'15)1'$)1<)&"$)/1*&)-/+1#&%'&)*13#,$*)

of income. Fishing boats now have outboard engines and different gear types 

(e.g., monofilament nets, longlines, and hand-lines), targeting bony fish, sharks 

%'()#%.*D)O-*"-'9)K1%&*)$'&$#-'9)&"$)%#,"-+$0%91)<#1/)'$-9"K1#-'9),13'&#-$*)1#)

industrial vessels operating close to the archipelago are thought to threaten fish 

*&1,P*)%'()1&"$#)/%#-'$)<%3'%)T?-1+)%'()?1**%:)UV``XD
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?=@'56'C=5;C'SF*!SF5-:HF!'=D'!J;*K';DE'*;L'*F!F;*5J
In both study areas, a lot of fisheries research and conservation studies are 

(1'$)K.) 01,%0) #$*$%#,"$#*:),1'*$#7%&-1'-*&*:)%'(),1//3'-&.)/$/K$#*D)?3#-'9)

13#)#$*$%#,")17$#)&"$)+%*&).$%#*:)5$)"%7$)*3,,$**<300.),100%K1#%&$()5-&")&"$*$)

*&%P$"10($#*)%'()$i+$#-$',$()"15)-/+1#&%'&)&"$)01,%0),1'&$i&)-*)-')&"$)-'&$#<%,$)

1<)$,1019-,%0)%'()*1,-1$,1'1/-,)*.*&$/*:)$*+$,-%00.)5"$')<1,3*-'9)1')*"%#P)%'()

ray fisheries. These are the perspectives of local researchers on the status and 

#$*$%#,")1')*"%#P*)-')&"$-#),13'&#.D)

Emanuel Dias, MSc. M%N+(O2)J&/0%5,-+("6)A1%#,+PM%22+1
M%"-"(%2$)+#7)>%&,/$"&)"9)$0,)Q&+#(")R+$%"#+-)E+&8)SM%N+(O2)J&/0%5,-+("T
@#2$%$1$")7+)M%"7%B,&2%7+7,),)7+2)U&,+2)E&"$,(%7+2)S@MJET6)A1%#,+PM%22+1

!"#$%#&'%$"'%(#)*%$"&'#$+%$,%+"#&-+%#*.%&#/+%)*%/,0&%+$0./%#&'#%#*.%1,0*$&/2
We have a legal framework for fisheries, including the General Fisheries Law and the 
@%&-1'%0)Y0%')1<)M,&-1')<1#)="%#P*:)5"-,")+#1"-K-&*)&"$)&%#9$&$(),%&,")1<),%#&-0%9-'13*)
species. However, in recent years, the pressure on this species group has significantly 
increased, especially from artisanal/small-scale fishers who target these species specifically.

3#*%/,0%'456#)*%7"/%+"#&-+%#*.%&#/+%#&'%)(5,&$#*$%)*%/,0&%+$0./%#&'#2
="%#P*)%'()#%.*)%#$)*+$,-$*)&"%&)+0%.)-/+1#&%'&)#10$*)%*)+#$(%&1#*)-')&"$)/%#-'$)
$,1*.*&$/)%'()%**1,-%&$()<11()5$K*D)!"$-#)<3',&-1')-*)&1),1'&#10)&"$-#)+#$.D

!"#$%+",06.%$"'%&'+'#&1"%#*.%1,*+'&8#$),*%5&),&)$)'+%9'%:,&%+"#&-+%#*.%&#/+2
!"$)#$*$%#,")+#-1#-&-$*)<1#)/.),13'&#.)%#$)&1)$*&-/%&$)&"$)%K3'(%',$:)K-1/%**:)%'()(-$&)
1<)&"$*$)*+$,-$*)5-&"-')&"$)G10%/%)G-H%9I*)G-1*+"$#$)C$*$#7$D

;,7%1#*%$"'%+$#$0+%,:%+"#&-+%#*.%&#/+%9'%)(5&,8'.%7")6'%1,*+).'&)*<%$"'%*''.+%,:%6,1#6%
1,((0*)$)'+2
!"$)+#$**3#$)1')&"-*)730'$#%K0$)*+$,-$*)9#13+),%')K$)#$(3,$()-<)'%&-1'%0)%3&"1#-&-$*)%'()
+10-,./%P$#*)$'<1#,$)&"$)$i-*&-'9)0$9%0)<#%/$51#P)<1#)&"$*$)*+$,-$*D)M&)&"$)*%/$)&-/$:)
&"-*)5130()%0*1)*%<$93%#()01,%0),1//3'-&-$*J)*3*&%-'%K0$)3*$)1<)/%#-'$)#$*13#,$*D

Dr. Sidi Yahya Cheikhna Lemrabott M+#/)7VJ&(1%#6)K+1&%$+#%+
!%20,&%,2)C,2,+&/0,&
@#2$%$1$)K+1&%$+#%,#)>,)C,/0,&/0,2)Q/W+#"(&+50%X1,2)?$)>,)EY/0,26)K+1&%$+#%+

!"#$%#&'%$"'%(#)*%$"&'#$+%$,%+"#&-+%#*.%&#/+%)*%/,0&%+$0./%#&'#%#*.%1,0*$&/2
The main threat for these species continues to be illegal fishing by both industrial and 
artisanal fisheries. This is worsened because these species are captured not only as 
-',-($'&%0)K.,%&,")K3&)%0*1)%*)&%#9$&)*+$,-$*D)!"$)"-9")($/%'()<#1/)T-'&$#'%&-1'%0X)
markets for these species increases targeted fishing pressure.     
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!3#*%/,0%'456#)*%7"/%+"#&-+%#*.%&#/+%#&'%)(5,&$#*$%)*%/,0&%+$0./%#&'#2
!"$*$)*+$,-$*)+0%.)%')$**$'&-%0)#10$)-')&"$)(-7$#*-&.)1<)&"$)G%',)(JM#93-')K.)$i$#&-'9)
&1+](15'),1'&#10)%*)T&1+]X+#$(%&1#*)1')015$#)&#1+"-,)0$7$0*D)c$',$:)&"$.)%#$),#-&-,%0)&1)
/%-'&%-'-'9)&"$)$,1019-,%0)K%0%',$)1<)/%#-'$)<11()5$K*D

!"#$%+",06.%$"'%&'+'#&1"%#*.%1,*+'&8#$),*%5&),&)$)'+%9'%:,&%+"#&-+%#*.%&#/+2
F$)*"130()%((#$**)&"$-#),1'*$#7%&-1')K.),1'*-($#-'9)&"$-#)K-1019-,%0)&#%-&*)T$D9D:)*015)
growth and late maturity). Furthermore, we should end (targeted) fisheries for these 
*+$,-$*)%'()/1'-&1#)&"$-#),%&,"$*)%'(),1//$#,-%0)&#%($D

;,7%1#*%$"'%+$#$0+%,:%+"#&-+%#*.%&#/+%9'%)(5&,8'.%7")6'%1,*+).'&)*<%$"'%*''.+%,:%6,1#6%
1,((0*)$)'+2
To reduce the overexploitation of sharks and rays, fishers must be encouraged to switch 
to sustainable fisheries targeting other species. However, this should be combined with 
support measures to improve the livelihoods of the fishing communities.

Assana Camará, MSc. M%N+(O2)J&/0%5,-+("6)A1%#,+PM%22+1
C,2,+&/0)$,/0#%/%+#
Instituto Nacional de Investigação das Pescas e Oceanografia, Guinea-Bissau

!"#$%#&'%$"'%(#)*%$"&'#$+%$,%+"#&-+%#*.%&#/+%)*%/,0&%+$0./%#&'#%#*.%1,0*$&/2
The Bijagós Archipelago faces threats like overfishing and shark finning, harming marine 
K-1(-7$#*-&.)%'()(-*#3+&-'9)$,1*.*&$/*D);//$(-%&$)%,&-1'*)%#$)'$$($()&1)*%<$93%#()
&"$*$),#3,-%0)%#$%*D

3#*%/,0%'456#)*%7"/%+"#&-+%#*.%&#/+%#&'%)(5,&$#*$%)*%/,0&%+$0./%#&'#2
;')23-'$%]G-**%3:)#%.*)%'()*"%#P*)*$$/)&1)"%7$)0%#9$#)+1+30%&-1'*)&"%')1&"$#)#$9-1'*D)
!"$)*+$,-$*)%#$)$**$'&-%0)<1#)&"$)$,1019-,%0)K%0%',$)1<)13#)/%#-'$)$'7-#1'/$'&:)
influencing the health of ecosystems and promoting biodiversity.

!"#$%+",06.%$"'%&'+'#&1"%#*.%1,*+'&8#$),*%5&),&)$)'+%9'%:,&%+"#&-+%#*.%&#/+2
F$)/3*&)-/+#17$)&"$)P'150$(9$)1<)&"$)*&%&3*)1<)#%.)%'()*"%#P)+1+30%&-1'*:)9-7$')&"%&)
23-'$%]G-**%3)-*)+#1K%K0.)1'$)1<)&"$)0%*&)+0%,$*)5-&")"-9")(-7$#*-&.D);')%((-&-1':)7$#.)#%#$)
%'()17$#$i+01-&$()*+$,-$*)*&-00)$i-*&)-')13#)5%&$#*:)3'0-P$)-')1&"$#)+%#&*)1<)&"$)51#0(D

;,7%1#*%$"'%+$#$0+%,:%+"#&-+%#*.%&#/+%9'%)(5&,8'.%7")6'%1,*+).'&)*<%$"'%*''.+%,:%6,1#6%
1,((0*)$)'+2
To mitigate the overexploitation of rays and sharks in Guinea-Bissau, reducing fishing 
+#$**3#$)T/%-'0.)-'(3*&#-%0X)%'()$i+%'(-'9)+#1&$,&$()/%#-'$)%#$%*)-')&"$)8i,03*-7$)
8,1'1/-,)B1'$)-*),#3,-%0D)61/+$'*%&1#.)/$%*3#$*)<1#)01,%0),1//3'-&-$*:)*3,")%*)
$',13#%9-'9)$,1]&13#-*/:)%#$)$**$'&-%0)&1)K%0%',$),1'*$#7%&-1')5-&")01,%0)'$$(*D
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Chapter 2

Abstract
Marine Protected Areas (MPAs) are increasingly implemented to facilitate the 

conservation of marine biodiversity and key habitats. However, these areas are often 

less effective in conserving mobile marine species like elasmobranchs (i.e., sharks 

and rays). Industrial fishing near MPA borders possibly impacts vulnerable species 

utilizing these protected areas. Hence, we aimed to study spatiotemporal patterns of 

industrial fisheries near MPAs in relation to the bycatch of elasmobranchs. Specifically, 

we analyzed the spatiotemporal fishing effort within the West African region, mapped 

fishing effort in the direct vicinity of the Parc National du Banc d’Arguin (Mauritania) 

and the Bijagós Archipelago (Guinea-Bissau) and compared the seasonal overlap 

between elasmobranch bycatch and fishing effort near these MPAs. We combined 

Automatic Identification System data and local fisheries observer data, determined 

fishing effort for each gear type and compared this with bycatch of elasmobranchs. 

We found that industrial fishing effort was dominated by trawling, drifting longlines 

and fixed gear types. Although no industrial fishing was observed within both MPAs, 

72% and 78% of the buffer zones surrounding the MPAs were fished for the Banc 

d’Arguin and Bijagós, respectively. Within the Banc d’Arguin buffer zone, trawling and 

drifting longlines dominated, with longlines mainly being deployed in the fall. In the 

Bijagós buffer zone, trawling and fixed gears were most prevalent. Fisheries observer 

data for Mauritania showed that elasmobranch catches increased during the most 

recent sampling years (2016 to 2018). Elasmobranch catches within the waters of 

Guinea-Bissau peaked in 2016 and decreased in the following two years. Seasonal 

patterns in elasmobranch bycatch within the waters of both countries are likely 

caused by increased catches of migratory species. Catches of rays peaked in May and 

June for Mauritania and in October for Guinea-Bissau. Shark catches were highest 

in February and July in Mauritanian waters and in May and October in the waters 

of Guinea-Bissau. Our study indicates that industrial fisheries near the border of 

ecologically important MPAs may have potentially major implications for ecosystem 

functioning through the removal of (migratory) predatory species.
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%)0-/-&$()K3&)$**$'&-%0)+#1+1#&-1')1<)&"$-#)0-<$),.,0$)-')*3,")%#$%*D)F-&"-')&"$*$),1%*&%0)

%#$%*:)/$9%<%3'%0)*+$,-$*)$i"-K-&)$**$'&-%0)$,1019-,%0)#10$*:)-',03(-'9)%*)T&1+X)+#$(%&1#*)

TO$##$-#%) ,$) +-3) UV`[XD) ;') %((-&-1':) (3$) &1) &"$-#)/-9#%&1#.) '%&3#$:) &"$*$) *+$,-$*) <1#/)

-/+1#&%'&)<3',&-1'%0)0-'P*)T$D9D:)&#%'*<$##-'9)'3&#-$'&*X)K$&5$$'),1%*&%0)%#$%*)%'()1&"$#)

*.*&$/*:)*3,")%*)&"$)+$0%9-,)R1'$)TF-00-%/*),$)+-3)UV`\:)=-$7$#*),$)+-3)UV`ZXD

Coastal areas like seagrass meadows, rocky shores, tidal flats, and mangroves also 

provide an essential nursery habitat for pelagic and commercial fish species (Stål ,$)

+-3)UVV\:)G-'$&),$)+-3)UV`_:)c1'(%),$)+-3)UV`_XD)?$*-9'%&-'9)*3,")7-&%0)%#$%*)%*)LYM*)

can result in increased species richness and biomass of commercial fish species in 

surrounding areas, the so-called spillover effects (Stobart ,$)+-3) UVVZ:)Y103'-')%'()

Roberts, 1993). Consequently, fisheries might be attracted to the borders of MPAs 

T41#$'R1),$)+-3)UV`^XD)c15$7$#:)&"-*)+"$'1/$'1')/%.)'1&)K$)+#1K0$/%&-,)<1#)"-9"0.)

productive species with small home ranges (i.e., small teleosts). Concentrated fishing 

%,&-7-&-$*)/-9"&)+1*$)&"#$%&*)&1)730'$#%K0$)*+$,-$*)5-&")0%#9$)"1/$)#%'9$*:)/-9#%&1#.)

K$"%7-1#)1#)*+$,-$*)&"%&)1'0.)3&-0-R$)&"$)+#1&$,&$()%#$%*)(3#-'9)%),$#&%-')0-<$)*&%9$)

TG3#9$**),$)+-3)UV`_:)?307.),$)+-3)UV`W:)4$5-*1'),$)+-3)UV`WXD

80%*/1K#%',"*) T-D$D:) *"%#P*) %'() #%.*X) %#$) %) *+$,-$*) 9#13+) *3*,$+&-K0$) &1) K.,%&,":)

%'()5-&") &"$-#) 015) #$,#3-&/$'&) #%&$*:)"-9")/%&3#-&.)%9$*)%'()1&"$#)Q]*$0$,&$() 0-<$)

"-*&1#.),"%#%,&$#-*&-,*:)/%'.)*+$,-$*)1<)&"-*)9#13+)%#$)+%#&-,30%#0.)730'$#%K0$)&1)%'.)

'1']'%&3#%0)/1#&%0-&.)#%&$*)TL%,Q$#%,"$#),$)+-3)UV`\XD);')%((-&-1':)&"$)*&%&3*)1<)/%'.)

$0%*/1K#%',")*+$,-$*)#$/%-'*)3'P'15':)%'()/%'.)*+$,-$*)"%7$)5-($)"1/$)#%'9$*:)

which challenges the effective conservation of this species group (MacKeracher ,$)+-3

UV`\:)?307.),$)+-3)UV`WXD
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As a consequence of stricter fishing regulations in many developed countries, 

distant-water fleets of these nations moved to the territorial waters of developing 

,13'&#-$*:) -',03(-'9) /%'.) ,13'&#-$*) -') F$*&) M<#-,%) TG%0/<1#() ,$) +-3) UVVW:) F1#/)

,$)+-3)UVVZXD)!"$)"-9")+#1(3,&-7-&.)1<) &"$*$)5%&$#*:),%3*$()K.) &"$)3+5$00-'9)1<) &"$)

Canary Current, attracts fishing fleets from nations all over the world (Belhabib ,$)

+-3 2019). Consequently, fishing effort within this region is among the highest in the 

51#0() TY%30.)%'()6"#-*&$'*$':)`ZZb:)2#$,-%'),$)+-3)UV`^XD)!"$)#$9-1')%0*1),1'&%-'*)

"-9"0.) (-7$#*$) /%#-'$) $,1*.*&$/*) &"%&) %#$) &"#$%&$'$() K.) "%K-&%&) ($9#%(%&-1':)

17$#$i+01-&%&-1') %'() +1003&-1') T!-&&$'*1#) ,$) +-3) UV`V:) =&3%#&]=/-&") ,$) +-3) UV`_XD)

Furthermore, the West African region is known for its data deficiency and high 

+#$7%0$',$)1<) $'(%'9$#$()/%#-'$) *+$,-$*:) -') +%#&-,30%#) *+$,-$*) 0-P$)"%//$#"$%()

*"%#P*)T<50'&#+)2553X:)43*-&%'-%'),15'1*$)#%.*)TC0%#"5$,&+)*+&(%#+$+X)%'()K0%,P,"-')

guitarfishes (A-+1/"2$,(12)/,*%/1-12XD

!"$#$)%#$)&51)0%#9$)-'&$#&-(%0)LYM*)1<)"-9")$,1019-,%0)-/+1#&%',$)5-&"-')&"$)#$9-1'S)

Y%#,)@%&-1'%0)(3)G%',)(JM#93-')TY@GMX)-')L%3#-&%'-%)%'()&"$)G-H%9I*)M#,"-+$0%91)TGMX)

-')23-'$%]G-**%3)TO-93#$)UD`XD G1&")%#$%*)%#$),1'*-($#$()&1)+0%.)%')-/+1#&%'&)#10$)%*)

spawning and nursery areas for commercial fish species and for migratory species, 

-',03(-'9)$0%*/1K#%',"*) Ta%9$#:)`ZZ_:)N%0%(13),$)+-3)UVV^XD)?$,0-'$*) -') &"$)%''3%0)

catch per unit effort of rays and sharks within the boundaries of these MPAs have 

*+%#P$(),1',$#'*)%/1'9)+%#P)/%'%9$#*:),1'*$#7%&-1'-*&*:)*,-$'&-*&*)%'()&"$) 01,%0)

,1//3'-&-$*)%K13&)&"$)*&%&3*)1<)&"$*$)*+$,-$*)9#13+*)5-&"-')&"$)#$9-1')T4$/#%K1&&)

,$)+-3 1#51L-%20,7)7+$+:)4$3#*)5,&23)"L23). Although fishing pressure through artisanal 

+#%,&-,$*)%'()K.,%&,")#%&$*)5-&"-')&"$)LYM*)%#$)%0*1)*3K*&%'&-%0) T6%/+#$(1')%'()

63n:) UVV`:) N%0%(13),$) +-3 2006, Diop and Dossa, 2011), fishing effort of industrial 

fleets at the borders of these MPAs could potentially have negative effects on the 

+1+30%&-1') *&%&3*) 1<)/%#-'$)/$9%<%3'%)3&-0-R-'9) &"$*$) ,1%*&%0) %#$%*) T23h'$&&$) ,$)

+-3) UV`W:)?-) 41#$'R1),$) +-3 2016). Herein we describe the industrial fishing activity 

5-&"-')&"$)F$*&)M<#-,%')#$9-1')K$&5$$')UV`U)%'()UV`\)5-&")&"#$$)/%-')1KH$,&-7$*S)

(1) to analyze the spatiotemporal extent of gear-specific fishing efforts within the 

region, (2) to map fishing activity in the direct vicinity of the two largest West African 

LYM*:)Y%#,)@%&-1'%0)(3)G%',)(JM#93-')%'() &"$)G-H%9I*)M#,"-+$0%91)%'() T_X) &1) 0-'P)

the industrial fishing effort with seasonal bycatch of elasmobranchs (i.e., sharks and 

rays) to estimate its effect on nature conservation goals of coastal MPAs.
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G24".)&
9*1)3'"#&"
We focused on the Eastern Central Atlantic (major fishing area 34 as defined by the 

O11()%'()M9#-,30&3#$)A#9%'-R%&-1')1<) &"$)>'-&$()@%&-1'*:)OMAX)%*)13#)/%-')*&3(.)

%#$%D)!"-*)*&3(.)*-&$)#%'9$*)<#1/)&"$)&$##-&1#-%0)5%&$#*)1<)L1#1,,1) -')&"$)'1#&")&1)

&"$)&$##-&1#-%0)5%&$#*)1<)&"$)?$/1,#%&-,)C$+3K0-,)1<)61'91)-')&"$)*13&")TO-93#$)UD`XD)

2$19#%+"-,%0)(%&%)1')&"$)88B*)1<)%00)'%&-1'*)5-&"-')&"-*)#$9-1')5$#$)$i&#%,&$()<#1/)

&"$)kL%#-'$C$9-1'*l)(%&%*$&)T41''$7-00$),$)+-3)UV`ZXD)M#$%*)13&*-($)1<)%'.)88B)5$#$)

classified as the high seas. 

Figure 2.1 Defined study area indicating the Exclusive Economic Zones (EEZs; dashed lines) and 
L%#-'$)Y#1&$,&$()M#$%*)TLYM*m)9#$$')0-'$*X)5-&"-')&"$)F$*&)M<#-,%')#$9-1'D)!"$)-''$#)9#%.)K1#($#)
#$+#$*$'&*) &"$)'1#&"$#')%'()*13&"$#')$(9$*)1<) &"$)*&3(.)%#$%D !"$) &51) <1,%0)LYM*:) &"$)Y%#,)
@%&-1'%0)(3)G%',)(JM#93-')TL%3#-&%'-%X)%'()&"$)G-H%9I*)M#,"-+$0%91)T23-'$%]G-**%3X)%#$)-'(-,%&$(D
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F-&"-')13#)*&3(.)%#$%:)5$)<1,3*$()1')&51)0%#9$)LYM*S)Y%#,)@%&-1'%0)(3)G%',)(JM#93-')

(PNBA; N20°14′5″, W16°6′32″) and the Bijagós Archipelago (BA; N11°15′0″, W16°5′0″) 

TO-93#$)`X:)<1#)5"-,")*+%&-%0)($0-'$%&-1')5%*)1K&%-'$()<#1/)&"$)F1#0()?%&%K%*$)1')

Y#1&$,&$()M#$%*)T>@8Y]F6L6)%'();>6@:)UV`ZXD)!"$)Y@GM)-*)&"$)0%#9$*&)/%#-'$)+%#P)

-')F$*&)M<#-,%D);&)5%*)($*-9'%&$()%*)%)CML=MC)*-&$)-')`Z\U)%'()%*)%)>@8=6A)F1#0()

c$#-&%9$) *-&$) -') `Z\ZD) !"$) $'&-#$) '%&-1'%0) +%#P) -*) `U:VVV) P/U:) 1<)5"-,") b:^VV) P/U

-*)/%#-'$) TG-'$&),$) +-3) UV`_XD) !"$) %#$%) ,1/+#-*$*) %) 0%#9$) 7%#-$&.) 1<) "%K-&%&*:) <#1/)

bare tidal flats and intertidal seagrass meadows to extensive subtidal areas. The BA 

,17$#*)%)`U:Zb\)P/U)%#,"-+$0%91),1'*-*&-'9)1<)\\)-*0%'(*)%'()-*0$&*D)!"$)%#,"-+$0%91)

5%*)($*-9'%&$()%*)%)>@8=6A)G-1*+"$#$)C$*$#7$) -')`ZZ^)%'()%*)%)CML=MC)*-&$) -')

2014. The Bijagós contains dense mangrove forests, tidal flats, complex gully systems 

%'()$i&$'*-7$)*3K&-(%0)%#$%*D)F-&"-')&"$)G-H%9I*)G-1*+"$#$)C$*$#7$:) &"$) -*0%'(*)1<)

O1#/1*%:)A#%'91:)%'()a1y1)N-$-#%)%#$)($*-9'%&$()%*)LYM*D)G1&")LYM*)%#$),1'*-($#$()

to be important for a large variety of (commercial) fish species, elasmobranchs and 

/-9#%&1#.)*"1#$K-#(*D

2"*"'-+..&-*$+%
Fishing effort data (2012 - 2018) was obtained from the Global Fishing Watch (GFW; 

www.globalfishingwatch.net), based on processed Automatic Identification System (AIS) 

&#%'*/-**-1'*)1<)0%#9$)7$**$0*)TQ#11(*/%),$)+-3 2018). The GFW applied artificial neural 

network algorithms to the AIS data, which determined fishing activity and gear type used 

K%*$()1')&"$)*+$$()%'()/17$/$'&)+%&&$#')1<)&"$)7$**$0D)M*)M;=)-*)/%'(%&1#.)<1#)%00)

7$**$0*)%K17$)_VV)9#1**)&1''%9$:)&"$)(%&%*$&)1'0.)-',03($*)0%#9$)-'(3*&#-%0)7$**$0*D

In total, 15 different gear categories within West African waters were identified, which 

we reclassified into six more general categories (Table 2.1). In addition, the GFW 

0-'P$()L%#-&-/$)L1K-0$)=$#7-,$);($'&-&.)TLL=;X)-'<1#/%&-1')&1)&"$)M;=)&#%'*/-**-1'*:)

providing the flag state of registration for each vessel. The fishing effort, as the total 

number of fishing hours (in kilo hours, kh), was then determined per vessel, flag 

*&%&$:)9$%#)&.+$)%'().$%#)<1#)$7$#.)VD`z)01'9-&3($j0%&-&3($)9#-(),$00)17$#)UV`U]UV`\D

Fishery-dependent data was collected as part of fisheries observer programs by the 

national fisheries institutes Institut Mauritanien de Recherches Océanographique 

$&) ($) Y{,"$*) T;LCAYX) %'() 6$'&#1) ($) ;'7$*&-9%|y1) Y$*n3$-#%) M+0-,%(%) T6;YMX:) <1#)

L%3#-&%'-%) %'()23-'$%]G-**%3) #$*+$,&-7$0.D) !"$)(%&%) <#1/) &"$)L%3#-&%'-%') 88B) -*)

K%*$()1')019K11P)(%&%)(1,3/$'&$()%'(),3#%&$()K.)&"$)@%&-1'%0)O-*"$#-$*);'*&-&3&$)

;LCAYD)?%&%)<1#)&"-*)%#$%)5%*)#$+1#&$()-')&"$)&1&%0),%&,")+$#)<3',&-1'%0)9#13+:)%'()
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the fishing effort was documented from 2012 to 2018. The data from Guinea-Bissau 

5%*),100$,&$()K.)1K*$#7$#*:)5"1)#$,1#($()&"$),%&,")T-')P9X)+$#)<3',&-1'%0)9#13+)T$D9D:)

“Rays”, “Sharks”, “Diverse pelagics”). Observers also recorded the effort (in hours) 

for each vessel. The total catch per functional group and the total fishing effort 

5%*),100$,&$()<#1/)UV`U)&1)UV`^)T6;YM:)UV`U:)UV`_:)UV`W:)UV`b:)UV`^XD)N$**$0]K%*$()

observer data was combined with fleet-wide landing data to extrapolate bycatch 

observations to the fleet level. No data on the survey effort was recorded for this 

data. The data presented thus reflects non-standardized survey efforts per month. 

Category GFW label
!#%50$#* k&#%50$#*l
?#-<&-'9)01'90-'$* k(#-<&-'9)01'90-'$*l
O-i$()9$%# k*$&)01'90-'$*l

k+1&*)%'()&#%+*l
k*$&)9-00'$&*l
“other fixed gears”

Y3#*$)*$-'$* k&3'%)*$-'$*l
k+3#*$)*$-'$*l
k1&"$#)*$-'$*l

A&"$#)9$%# k+10$)%'()0-'$l
k(#$(9$l
k*n3-()H-99$#*l
k&#100$#*l
k1&"$#)9$%#*l

>'P'15')9$%# “fishing”

2"*"'(#+-&,,$%5
M)VD`z)9#-()T}``i``)P/)'$%#)&"$)$n3%&1#X)5%*)*3+$#-/+1*$()1')&"$)*&3(.)%#$%:)%'()

industrial fishing effort was calculated per grid cell. The fished extent was determined 

as the proportion of fished grid cells relative to the total number of grid cells (n = 

224,926). To determine and visualize the annual, gear-specific fishing effort in the 

direct vicinity of both MPAs, we created two buffer zones around each MPA of 1.5 and 

2.0 times the surface area of the MPA. We also calculated the cumulative fishing effort 

over increasing distance from each MPA of each gear type specifically. Fishing effort 

K%*$()1')&"$)M;=)(%&%)5%*)'1&),1/+%#$()K$&5$$').$%#*:)%*)&"$)'3/K$#)1<)7$**$0*)

($&$,&$() K.) &"$)2OF) %091#-&"/*) -',#$%*$() $7$#.) *&3(.) .$%#) (3$) &1) &$,"'1019-,%0)

enhancements. For this reason, 2018 is reported for the most recent fishing effort 

calculations. For annual trends in fishing effort, we used the fishery-dependent data.

Table 2.1)@$5),%&$91#-$*)K%*$()1'),%&$91#-$*)
%**-9'$()K.)&"$)201K%0)O-*"-'9)F%&,")T2OFXD
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The fishery-dependent observer data contained information on both catches (in tons) 

and fishing effort (in fishing days). Catches were classified into functional groups, as 

limited information on species identification was available. From 2012 to 2015, both 

<1,%0),13'&#-$*)#$+1#&$()$0%*/1K#%',"),%&,"$*)%*)+%#&)1<)(-7$#*$)9#13+*)0-P$)k?-7$#*$)

+$0%9-,l) 1#) k?-7$#*$)($/$#*%0lD) =-',$)UV`^:) ,%&,"$*)1<) *"%#P*) %'() #%.*)"%7$)K$$')

#$+1#&$()*$+%#%&$0.) T-D$D:),%&,"$*)5$#$)'1&)9#13+$()&19$&"$#)%*)$0%*/1K#%',"*)1#)

9#13+$()-'&1)1&"$#)<3',&-1'%0)9#13+*XD)A3#)(%&%)%'%0.*-*)1'0.)-',03($*)&"1*$),%&,"$*)

#$+1#&$() %*) $0%*/1K#%',"*:) #$*30&-'9) -') %) ,1'*$#7%&-7$) $*&-/%&$) 1<) ,%&,"$*D) C%.*)

-',03($()%00)*+$,-$*)0%K$0$()%*)kC%-%l:)%'()*"%#P*)-',03($()%00)*+$,-$*)1<)"%//$#"$%()

*"%#P*) T<50'&#+) 2553X:) 1#) *+$,-$*) 0%K$0$() %*) k80%*/1K#%',"--l) 1#) k6%3(1lD) O-*"-'9)

effort was registered as the number of hours that a vessel was actively fishing during 

a fishing expedition, separated per gear type. Seasonality of elasmobranch catches 

5%*)-'7$*&-9%&$()3*-'9),%&,")#$,1#(-'9*:)<1#)K1&"),13'&#-$*)*$+%#%&$0.D);')%((-&-1':)

the total fishing effort was determined from the registered fishing effort and was 

subsequently compared to the AIS-based fishing effort of the GFW. For this, seasons 

5$#$) ($&$#/-'$() %*) 5-'&$#) T?$,$/K$#]O$K#3%#.X:) *+#-'9) TL%#,"]L%.X:) *3//$#)

Ta3'$]M393*&X)%'()<%00)T=$+&$/K$#]@17$/K$#XD

*2&/14&
Spatiotemporal fishing activity off West Africa
M)&1&%0)1<)b:WWZ)P")TVD_Z)"]`)P/]U) of fishing effort by AIS-operating vessels were observed 

5-&"-')&"$)$'&-#$)F$*&)M<#-,%')#$9-1':)-',03(-'9)&"$)"-9")*$%*:)K$&5$$')UV`U)%'()UV`\)

(Figure 2.2A, Appendix 2.3), with an average annual effort of 778 ± 466 kh (mean ± 

*D(DXD)A7$#)&"$)^].$%#)*&3(.)+$#-1(:)%&)0$%*&)WUDU)q)1<)&"$)F$*&)M<#-,%')#$9-1')TbDZ)i)`V^

P/U) was fished at least once (at our 0.1° resolution), with a mean annual extent of 

U`DZ)})^D[q)T_DZ)})VDZ)i`V^)P/U) (Appendix 2.1). Fishing effort concentrated in coastal 

5%&$#*)T[Vq)-')88B*),1/+%#$()&1)_Vq)-')"-9")*$%*X:)5-&")&"$)88B*)1<)L%3#-&%'-%)T`VqX:)

F$*&$#')=%"%#%)T\qX:)L1#1,,1)T\qX)%'()23-'$%]G-**%3)T[qX)&19$&"$#),1'&%-'-'9)17$#)

36% of the total fishing effort (Appendix 2.3). The spatial distribution of the fishing 

effort peaked between the longitudes -18.45 and -15.45 (70.3 ± 56.6 kh) and off Sierra 

4$1'$)K$&5$$') &"$) 0%&-&3($*)_D`b) &1)bD^b) TU[DU)})`ZD^)P"X) TO-93#$)UDUXD)O#1/)&"$)*-i)

9$%#) &.+$*) 1K*$#7$()5-&"-') &"$) *&3(.) %#$%:) &#%50$#*) TU:^Ub) P"m) W\DUqX) %'() (#-<&-'9)

longlines (1,901 kh; 34.9%) were the most deployed gear. The fishing effort of other 

9$%#) &.+$*) 5%*) #$0%&-7$0.) 015) T~UVV) P") ,1/K-'$(m) M++$'(-i) UD_XD) ?#-<&-'9) 01'90-'$*)

mainly operated on the high seas (80.3% of total effort by longliners). Trawlers were 

,1',$'&#%&$()5-&"-')&"$),1%*&%0)R1'$*)%'()1'0.),17$#$()̀ DU)})VD_q)1<)&"$)$'&-#$)#$9-1'D)
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Over the entire study period, vessels from 60 flag states were observed within the 

West African region, although only ten flag states were responsible for 88% of the total 

fishing effort. The five most active flag states within the region were Spain (24%), China 

T`bqX:)a%+%')T`UqX:)L1#1,,1)T``qX)%'()2"%'%)T^qXD

Figure 2.2 Total fishing effort off West Africa from 2012 to 2018. Color scale indicates the total 
hours of fishing within each grid cell (low = blue, moderate = yellow/orange, high = purple). 
Histograms on the axis show the total fishing effort in hours over the longitudinal and latitudinal 
#%'9$)1<)&"$)#$9-1'D)!"$) 01'9-&3(-'%0)%'() 0%&-&3(-'%0)#%'9$*)1<)K1&")LYM*)%#$) -'(-,%&$()5-&")
9#$$')0-'$*D

Fishing activity near MPAs

S#$9'D#4,.(#1')/'?#(9')M;$N/,('<SD?;>

AIS-registered vessels showed a total of 560.7 kh fishing effort (3,2 h]`)P/]UX)5-&"-')

&"$)L%3#-&%'-%') 88B) 17$#) &"$) *&3(.) +$#-1(:) ,17$#-'9) ZbD_q)1<) &"$) 88BD) G%*$() 1')

the fishery-dependent data, the fishing effort of the entire fleet operated within the 

L%3#-&%'-%') 88B) #%'9$()K$&5$$') U^D[�`V_) (%.*) -') UV`_) %'() bWD`�`V_ fishing days 

in 2018 (Figure 2.3A). No significant increase in fishing effort was found for the 
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Mauritanian EEZ. In total, 41 flag states operated within this EEZ during the study 

+$#-1(:)5-&")=+%-')T_^DWqX:)6"-'%)T_VDWqX:)%'()L%3#-&%'-%)T[D[qX)K$-'9)&"$)(1/-'%'&)

fleets (Appendix 2.3). Fishing vessels deployed all gear types, with trawlers as the 

/1*&)(1/-'%'&)9$%#)&.+$)T_b_D_)P"m)^_DVqXD)G$,%3*$)&"$*$)&#%50$#*)/%-'0.)1+$#%&$()

in coastal waters (Figure 2.4), the fished extent was relatively small (35.1% of the EEZ). 

Fishing effort increased over short distances from the PNBA, with trawlers showing 

the highest increase in efforts near the MPA and within the buffer zones (Appendix 

2.2). Fishing effort within the 2.0x buffer zone around the PNBA was 117.5kh in 2018, 

with no industrial fishing observed within the boundaries of the PNBA. In 2018, 

42.0% of the grid cells within the buffer zone were fished at least once, with trawlers 

dominating in both effort (89.3kh) and extent (33.2%).

!"$)*+%&-%0)(-*&#-K3&-1')1<)&#%50$#*)5%*)#$0%&-7$0.),1'*&%'&)&"#139"13&)&"$).$%#:)5"-0$)

effort was highest in July (4.2 ± 3.8 kh) and December (4.4 ± 2.8 kh). There was a 

clear seasonal change in the spatial distribution of drifting longlines and fixed gears 

5-&"-')&"$)L%3#-&%'-%')88BD)?#-<&-'9)01'90-'$*)5$#$),1'*&%'&0.)+#$*$'&)K3&)9#%(3%00.)

increased from spring (3.3 kh) to fall (8.4 kh). Fixed gear types showed higher fishing 

effort in fall and winter (Figure 2.4). Overall fishing effort within the 2.0x-buffer zone 

+$%P$()-')&"$)/1'&"*)1<)a30.:)M393*&)%'()?$,$/K$#)TO-93#$)UDW6XD)=$%*1'%0)+%&&$#'*)

in fishing effort between the AIS data (2.0x buffer zone) and the fishery-dependent 

(%&%)TL%3#-&%'-%')88BX)*"15$()*-/-0%#)+%&&$#'*)TO-93#$)UD_6XD

!#%,$%K0$),%&,"$*)1<)*"%#P*)%'()#%.*)5$#$)1'0.)(1,3/$'&$()-')UV`^:)UV`[)%'()UV`\D)

80%*/1K#%',") ,%&,"$*)+$%P$()%&) \bD\) &1'*) -')UV`\:)1<)5"-,")bbDb) &1'*)5$#$) #%.*)

T^WD[qX)%'()_VD_)&1'*)5$#$)*"%#P*) T_bD_qX) TO-93#$)UD_MXD)C%.),%&,"$*)5$#$)"-9"$*&)

<#1/) M+#-0) &1) a30.) T\DW) }) _D_) &1'*m) /$%') }) *$X:) 5"$#$%*) *"%#P) ,%&,"$*) +$%P$() -')

O$K#3%#.)T[D_)})_DW)&1'*X)%'()a30.)T^DV)})UD_)&1'*X)TO-93#$)UD_GXD
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Figure 2.3 Total elasmobranch catches (bars) and fishing effort (line) within the Mauritanian EEZ, 
5-&")'1](%&%)+$#-1(*)<1#)$0%*/1K#%',"*)-'(-,%&$()-')9#%.)TMXm)5-&")%),01*$]3+)1<)&"$)/1'&"0.)
/$%'),%&,"$*:)*$+%#%&$()<1#)*"%#P*)TK0%,PX)%'()#%.*)T9#$.X:)17$#)&"$)UV`^]UV`\)+$#-1()TGX:) -')
relation to fishing effort within the PNBA 2x buffer zone based on the AIS data (gray; in kh), and 
the total fishing effort in the Mauritanian EEZ as reported by the fisheries institute (black; in 
fishing days, FD) (C).
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Figure 2.4 Fishing effort in the direct vicinity of PNBA (green) in Mauritania. Grid cell colors 
indicate seasonal mean fishing effort over the 2012 to 2018 period. Orange and red dashed 
lines represent 1.5x and 2.0x buffer zones of the PNBA. Exclusive Economic Zones (EEZ) are 
-'(-,%&$()%*)9#%.)(%*"$()0-'$*D
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Fishing effort within the EEZ of Guinea-Bissau totaled to 386.0 kh (3.4 h]`)P/]UX)-')&"$)

study period, with a total fished extent of 73.5%. Based on fishery-dependent data, 

the fishing effort significantly increased (ß = 12.39, t = 5.05, p ")VDV`X)5-&")`UDW)(%.*)

+$#)/1'&")<#1/)`VDW�`V_)(%.*)-')UV`_)&1)U[D\�`V_ fishing days in 2016 (Figure 2.5A). A 

total of 21 flag states were active within the EEZ, dominated by mainly Spain (34.3%), 

6"-'%)TU\D\qX)%'()=$'$9%0)TZD\qX)TM++$'(-i)UD_XD)?3#-'9)&"$)*&3(.)+$#-1(:)%00)*-i)9$%#)

types (Table 2.1) were observed. Trawlers showed the highest effort (374 kh; 96.9%), 

and were concentrated near the coast (48.4% of EEZ) (Figure 2.6). Unidentified gear 

types were the second most dominant, with a fishing activity of 8.7 kh (2.3%).

No industrial fishing effort was observed within the BA boundaries, but high effort 

was observed near the MPA borders (Appendix 2.2). Within the 2.0x buffer zone, 

fishing effort was 88.3 kh in 2018, with an extent of 42.9%. Trawlers were dominant in 

both effort (65.4%) and extent (41.2%) in 2018, based on AIS data. The fished extent 

within the buffer zone remained relatively constant throughout the year for all gear 

types, but fishing effort peaked in spring (Figure 2.5C, Figure 2.6). Seasonal patterns 

in fishing effort between the AIS data (2.0x buffer zone) and the fishery-dependent 

(%&%)T$'&-#$)88BX)*"15$()*-/-0%#)+%&&$#'*)TO-93#$)UDb6XD)

80%*/1K#%',"),%&,"$*)5-&"-')&"$)88B)1<)23-'$%]G-**%3)5$#$)#$+1#&$()*$+%#%&$0.)-')

UV`U)%'()<#1/)UV`W)&1)UV`\)TO-93#$)UDbMXD) ;')1&"$#).$%#*:),%&,"$*)5$#$)-'&$9#%&$()

-'&1)1&"$#)<3',&-1'%0)9#13+*)%'()%#$)&"$#$<1#$)'1&)-',03($()"$#$D)C$+1#&$(),%&,"$*)

5$#$)"-9"$*&)-')UV`^:)5-&")U^UDZU)&1'*:)1<)5"-,")`\DZ[)&1'*)T[DUqX)5$#$)#%.)*+$,-$*)

%'()UW_DZb) &1'*) TZUD\qX)5$#$)*"%#P)*+$,-$*D ;') &"$)/1*&) #$,$'&).$%#)1<) &"$)*&3(.)

TUV`\X:)&1&%0)$0%*/1K#%',"),%&,"$*)5$#$)_ZDW^)&1'*:)5-&"),%&,"$*)$i-*&-'9)1<)_bD[Z)

&1'*)1<)#%.*)TZVD[qX)%'()_D^\)&1'*)1<)*"%#P*)TZD_qXD)C%.),%&,"$*)5$#$)"-9"$*&)-')M+#-0)

%'()L%.:)5-&")[DZb)})_DVW)T/$%')})*$X)%'()^D\V)})`D`_)&1'*:)#$*+$,&-7$0.)TO-93#$)UDbGXD)

="%#P),%&,"$*)5$#$)%0*1)"-9"$*&)-')A,&1K$#:)5-&")%)/$%')5$-9"&)1<)U_D[W)})̀ [D\^)&1'*:)

%'()-')L%.)TU_DWZ)})`VDWU)&1'*X
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Figure 2.5 Total elasmobranch catches (bars) and fishing effort (line) within the Guinea-Bissau 
88B:) 5-&") '1](%&%) +$#-1(*) <1#) $0%*/1K#%',"*) -'(-,%&$() -') 9#%.) TMX:) 5-&") %) ,01*$]3+) 1<) &"$)
/1'&"0.)/$%'),%&,"$*:)*$+%#%&$()<1#)*"%#P*)TK0%,PX)%'()#%.*)T9#$.X:)17$#)&"$)UV`W]UV`^)+$#-1()
(B), in relation to fishing effort within the BA 2x buffer zone based on the AIS data (gray; in kh), 
and the total fishing effort in the EEZ of Guinea-Bissau as reported by the fisheries institute 
(black; in fishing days, FD) (C).
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Figure 2.6 Fishing effort in the direct vicinity of the BA in Guinea-Bissau (in green). Grid cell 
colors represent seasonal mean fishing effort over the 2012 to 2018 period. Orange and red 
dashed lines indicate 1.5 and 2.0 buffer zones, respectively. Exclusive Economic Zones (EEZ) are 
-'(-,%&$()%*)9#%.)(%*"$()0-'$*D
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In this study, we provide new insights into the recent (2012-2018) effort and 

spatiotemporal distribution of industrial fisheries in West Africa. In addition, we 

focused on fishing efforts in the vicinity of two large coastal MPAs. AIS records 

demonstrated that fishing activity is concentrated near the borders of MPA: Parc 

@%&-1'%0) (3)G%',) (JM#93-') TY@GM:)L%3#-&%'-%X) %'() &"$)G-H%9I*)G-1*+"$#$) C$*$#7$)

(BA, Guinea-Bissau). Fishing effort within the Mauritanian EEZ was relatively stable, 

whereas effort within the EEZ of Guinea-Bissau increased significantly with 12 

fishing days a month. Industrial fishing activity was mainly dominated by trawlers, 

drifting longlines and fixed gears. These gears mainly target mackerel (</"*L,&

*++DX:)*%#(-'$00%)T<+&7%#,--+)*++DX:)"1#*$)/%,P$#$0*)TH&+/01&12)*++DX)%'(),$+"%01+1(*)

TG$0"%K-K) ,$) +-3) UV`_:) G$0"%K-K) %'() Y%30.) UV`bX:) K3&) "%7$) K.,%&,"$*) 1<) *"%#P*)

%'() #%.*D) ;') &"$) 5%&$#*) <#1/) K1&")L%3#-&%'-%) %'() 23-'$%]G-**%3:) &"$) ,%&,"$*) 1<)

$0%*/1K#%',"*)+$%P$()-')&"$)/1*&)#$,$'&).$%#*)1<)&"$)*&3(.)+$#-1(D)=$%*1'%0)+$%P*)

-')-'(3*&#-%0)*"%#P)%'()#%.),%&,"$*)5$#$)1K*$#7$()%*)5$00:)K3&)&"$*$)(-()'1&),1-',-($)

with seasonal maxima in industrial fishing efforts. We showed that industrial fisheries 

T$*+$,-%00.)&#%50$#*X)%#$),1',$'&#%&$()5-&"-')%)&"-')K$0&)*3##13'(-'9)K1&")LYM*D)!"-*)

concentrated fishing effort could have potential effects on mobile marine predators 

*3,")%*)$0%*/1K#%',"*)%'()1&"$#)*+$,-$*)&"%&)3&-0-R$),1%*&%0)LYM*)<1#)%)+%#&)1<)&"$-#)

life cycle only. Hence, fishing concentrations near MPA borders may impair the role 

1<),1%*&%0)LYM*)<1#)&"$)+#1&$,&-1')1<)$'(%'9$#$(:)"-9"0.)/1K-0$)/%#-'$)/$9%<%3'%D)

The inclusion of seasonal migration patterns and seasonal fishery bans near MPAs 

,130()%-()-')&"$),1'*$#7%&-1')1<)/1K-0$)/%#-'$)/$9%<%3'%D)

Although fishing efforts near the PNBA and BA showed a seasonal pattern, a similar 

+%&&$#') 5%*) '1&) 7-*-K0$) -') #$+1#&$() $0%*/1K#%',") ,%&,"$*) <#1/) K1&") 88B*D) !"$)

1K*$#7$()+$%P*)%#$)+#1K%K0.)$i+0%-'$()K.)&"$)"-9"$#)&$/+1#%0)%K3'(%',$*)1<)&"$*$)

*+$,-$*:)-'(-,%&-'9)&"$-#)/-9#%&1#.)K$"%7-1#D);')L%3#-&%'-%:)*"%#P*)5$#$),%39"&)/1*&)-')

O$K#3%#.)%'()a30.D)!"$*$)1K*$#7%&-1'*)%#$),1'9#3$'&)5-&")&"1*$)($*,#-K$()K.)B$$K$#9)

,$)+-3) TUVV^X:)5"1)#$+1#&)&"$)"-9"$*&),%&,"$*) -')M393*&)<1#)"%//$#"$%()*"%#P*)%'()

O$K#3%#.)<1#)1&"$#)*"%#P)*+$,-$*D)!"$)*,%001+$()"%//$#"$%()*"%#P)T<50'&#+)-,Z%#%X:)<1#)

-'*&%',$:)3&-0-R$*)*"%0015),1%*&%0)"%K-&%&*)(3#-'9)$%#0.)0-<$)*&%9$*)T$D9D:)/%'9#17$)%#$%*X)

K$<1#$)-&)/17$*)&1)/1#$)+$0%9-,)%'()($$+$#)"%K-&%&*)Tc1.1*]Y%(-00%),$)+-3)UV`W:)61-#%&1')

,$)+-3)UVUVXD)!"$)*+$,-$*)/-9#%&$*)K%,P)&1),1%*&%0:)*"%0015)"%K-&%&*)<1#)+%#&3#-&-1')(3#-'9)

&"$)K1#$%0) *3//$#) T6%+%+h),$) +-3) `ZZ\:)c%R-'),$) +-3 2001). Recent findings suggest 

&"%&) *,%001+$() "%//$#"$%() *"%#P*) %#$)/1#$) ($+$'($'&) 1') ,1%*&%0) "%K-&%&*) &"%')

+#$7-13*0.)".+1&"$*-R$()T61-#%&1'),$)+-3)UVUVXD)!"$)Y@GM)-*)%0*1)".+1&"$*-R$()&1)K$)
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%')-/+1#&%'&)<$$(-'9)%'()+%#&3#-&-1')*-&$)<1#)&"$)43*-&%'-%'),15'1*$)#%.)TC0%#"5$,&+)

*+&(%#+$+). Within the PNBA, ray catches by artisanal fishermen peak from November 

&1)&"$)$'()1<)O$K#3%#.)T4$/#%K1&&)%#)5&,5DXD)M)*-/-0%#)*$%*1')T=$+&$/K$#)&1)?$,$/K$#X)

is reported for industrial fisheries and scientific surveys outside the PNBA (Hofstede 

UVV`:)Q#%P*&%(),$)+-3)UVVW:)Q#%P*&%(),$)+-3)UVVbXD)A3#)*&3(.:)1')&"$)1&"$#)"%'(:)*"15*)

that the catches of rays peak in April and July within the Mauritanian EEZ. Differences 

/-9"&)K$),%3*$()K.)&"$)<%,&)&"%&)&"$)&$/+1#%0)*,%0$*)1<)&"$)*&3(-$*)(1)'1&)17$#0%+)5-&")

the temporal scale of this study. Alternatively, annual differences in coastal upwelling 

$7$'&*)/-9"&),%3*$),"%'9$*)-'),%&,"$*D

O1#)23-'$%]G-**%3:)5$)($/1'*&#%&$()-',#$%*$(),%&,"$*)1<)*"%#P*)%'()#%.*)-')L%.:)

A,&1K$#:)%'()@17$/K$#D)c15$7$#:) 0-&&0$) -'<1#/%&-1') -*)%7%-0%K0$)1')$0%*/1K#%',")

abundance and habitat use. The scientific reports, based on observer data, 

additionally comprise limited species-specific information and have little consistency 

-')#$9-*&#%&-1'D)!"$)%,&3%0)'3/K$#*)&"3*)/%.)K$)3',$#&%-'D)c15$7$#:)&"$)#$+1#&$()

K.,%&,")1<)$0%*/1K#%',"*)-*)*3++1#&$()K.)1&"$#)*&3(-$*)TG$0"%K-K)%'()Y%30.:)UV`bX:)

*1/$&-/$*)*"15-'9)/3,")"-9"$#),%&,")#%&$*D)F$:)&"$#$<1#$:)%#93$)&"%&)13#)$*&-/%&$*)

+#1K%K0.)3'($#$*&-/%&$)%,&3%0),%&,"$*D)

F$)($/1'*&#%&$()&"%&)&#%50$#*)5$#$)+#$*$'&)(3#-'9)&"$)5"10$).$%#)%'()(1/-'%&$()

both fishing effort and spatial extent near the PNBA and BA. Drifting longlines were 

%K*$'&)'$%#)GM)K3&)+$%P$()'$%#)&"$)Y@GM)-')<%00D)G1&")9$%#*)9$'$#%00.)"%7$)%)"-9")

K.,%&,")1<)*"%#P*)%'()#%.*)TB$$K$#9),$)+-3)UVV^:)A0-7$#),$)+-3)UV`bXD)?#-<&-'9)01'90-'$*)

5$#$)'1&)+#$*$'&)'$%#)GM:)K3&)&"$)+#$*$',$)1<)&"-*)9$%#)&.+$)'$%#)&"$)Y@GM)+$%P$()

-') <%00D) !#%50$#*)"%7$) #$+1#&$()K.,%&,") &1)/%-'0.) ,1'*-*&)1<)+$0%9-,) &$0$1*&*) T_`qX:)

"%//$#"$%() *"%#P*) TU\qX) %'() 1&"$#) *"%#P) *+$,-$*) T`ZqX) Tc1<*&$($) ,$) +-3) UVV`XD)

=-/-0%#0.:)B$$K$#9),$)+-3)TUVV^X)#$+1#&$()&"%&)WUq)1<)%00)K.,%&,")<1#)&#%50$#*)1+$#%&-'9)

off Mauritania was hammerhead sharks, with other bycatch including large teleosts 

(i.e., sunfish K"-+)*"-+)and billfishes; 26%), reef manta rays (K+#$+)L%&"2$&%2m) ZqX:)

1&"$#) *"%#P*) TZqX:) ,$&%,$%'*) T\qX:)K$'&"-,) #%.*) TbqX)%'()*$%) &3#&0$*) T`qXD)G.,%&,")

1<) 01'90-'$) 9$%#) &.+$*) 5-&"-') &"$) #$9-1') -*) ,"%#%,&$#-R$() K.) *+$,-$*) *3,") %*) &"$)

M&0%'&-,) K03$)/%#0-') TK+8+%&+) #%(&%/+#2X:) K03$) *"%#P*) TE&%"#+/,) (-+1/+X) %'() */11&")

"%//$#"$%() *"%#P*) T<50'&#+) ='(+,#+X) T61$0"1),$) +-3) UV`b:) O$#'%'($R]6%#7%0"1),$)

+-3)UV`bXD)c$',$:)&#%50$#*)%'()01'90-'$#*)*3##13'(-'9)&"$)LYM*)+1*$)%),1'*$#7%&-1')

&"#$%&)&1)$0%*/1K#%',"*)5-&"-')&"$)LYM*D)

Our results show that the overall fishing effort was mainly concentrated near the 

borders of both MPAs. MPAs are known to increase local fish biomass, drawing 
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fishing vessels to their borders to target the ‘spillover’ from these areas (Di Lorenzo 

,$)+-3 2016). Another possible explanation for the concentrated fishing in this area 

is the local upwelling of the Canary Current, which makes the coast off the Western 

Sahara and Mauritania one of the richest fishing areas in the world (Goffinet, 1992). 

However, this does not explain why fishing effort is also concentrated near the Bijagós 

Archipelago, as it is located south of the upwelling’s boundary (Goffinet, 1992). This 

3+5$00-'9) -*)*&#1'9$*&)(3#-'9)&"$)*"1#&)+$#-1()<#1/)?$,$/K$#)&1)L%#,") T63*"-'9:)

1971), which could result in elevated fishing activity due to higher local production. 

Indeed, it partly coincides with elevated fishing effort within the Mauritanian EEZ, 

but not with peaks in fishing effort in the waters of Guinea-Bissau, as migratory 

*+$,-$*)3&-0-R$),1%*&%0)%#$%*)<1#)T+%#&*X)1<)&"$-#)0-<$,.,0$)%'()/-9#%&$)K$&5$$')/30&-+0$)

"%K-&%&*D)O1#)-'*&%',$:)M/$#-,%'),15'1*$)#%.*)TC0%#"5$,&+)L"#+212X),%')/-9#%&$)17$#)

(-*&%',$*) 1<)/1#$) &"%') `:bVV) P/:) %'() *,%001+$() "%//$#"$%() *"%#P)/17$/$'&*)

,130()K$)&#%,$()%&)^\W)P/)<#1/),1%*&%0)%#$%*)T?-$/$#),$)+-3)UV``:)A9K3#'),$)+-3)UV`\XD)

Our results from the 2.0x buffer zones around the PNBA and BA could indicate that 

this concentrated fishing activity might interfere with the migratory nature of these 

/%#-'$)/$9%<%3'%)*+$,-$*D

In this study, we revealed spatiotemporal patterns of industrial fisheries in West 

Africa. We showed seasonal fluctuations but overall high concentrations of effort 

'$%#) &"$)K1#($#*) 1<) &"$)G%',)(JM#93-')@%&-1'%0) Y%#P) %'() &"$)G-H%9I*)M#,"-+$0%91)

LYM*D) O3#&"$#/1#$:) 5$) *"15$() *$%*1'%0) +%&&$#'*) -') $0%*/1K#%',") K.,%&,")

#$,1#(-'9*)5-&"-')&"$)88B*)1<)&"$),1##$*+1'(-'9),13'&#-$*:)-003*&#%&-'9)&"$)/-9#%&1#.)

K$"%7-1#)1<) &"$*$)*+$,-$*D)F$:) &"$#$<1#$:) ,1',03($) &"%&) &"$)"-9"),1',$'&#%&-1')1<)

fishing effort surrounding these important coastal areas conflicts with the migratory 

'%&3#$)%'()730'$#%K-0-&.)1<)$0%*/1K#%',")*+$,-$*)3*-'9)&"$*$)%#$%*D)!"-*)/%.)0$%()

&1)%)<3#&"$#)($,#$%*$)1<)&"$*$)730'$#%K0$)*+$,-$*)-')K1&")+$0%9-,)%'(),1%*&%0)"%K-&%&*)

%'()&"$-#)%**1,-%&$()$,1019-,%0)#10$)-')0-'P-'9)&"$*$)"%K-&%&*D)!"$)-',#$%*-'9)#$/17%0)

1<)+#$(%&1#.)*+$,-$*)<#1/)/%#-'$)$,1*.*&$/*),%'),%*,%($)&"#139")&"$)$,1*.*&$/:)

5-&"),1'*$n3$',$*) <1#) TK1&")$,1019-,%0)%'()$,1'1/-,X)$,1*.*&$/)*$#7-,$*) TL%#&-')

,$)+-3)UV`V:)G%#K-$#),$)+-3)UV``:)8*&$*),$)+-3)UV``XD)O1#)$i%/+0$:) &"$)#$/17%0)1<) &1+)

+#$(%&1#*)0-P$),1()TA+712)*"&01+X)-*)%**3/$()&1)K$)&"$)/1*&)0-P$0.)$i+0%'%&-1')<1#)&"$)

observed increase in mid-sized fishes, which in turn has caused increases in macro-

%09%$)#$,#3-&/$'&)T$,1019-,X)1#)%)5$%P$'-'9)1<)&"$)K-1019-,%0)+3/+)1<)'3&#-$'&*)<#1/)

great depths, possibly negatively influencing productivity of fisheries (economic) 

T=-$K$') ,$) +-3) UV``:) c%//$#*,"0%9) ,$) +-3 2019). The densely concentrated fishing 

%,&-7-&.)'$%#)&"$)K1#($#)1<)*3,")+#1&$,&$()%#$%*:)&"$#$<1#$:)'1&)1'0.)3'($#/-'$*)&"$)
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,1'*$#7%&-1')7%03$)1<)&"$*$)%#$%*)<1#)&"$*$)/$9%<%3'%)*+$,-$*)K3&)/-9"&),%*,%($)

-'&1)#$(3,$()<3',&-1'-'9)1<),1%*&%0)$,1*.*&$/*)%'()%**1,-%&$()01,%0)0-7$0-"11(*D

;9%(.T12)NU2(4&
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Chapter 3

Abstract
Elasmobranch (i.e., shark and rays) populations are vulnerable to overexploitation 

due to their generally slow growth, late maturity, and low fecundity. Now that these 

species are amongst the most threatened marine fish, their continued exploitation 

raises concerns at a global level. Although the impact of industrial fisheries on 

elasmobranchs has been documented on a global and regional scale, information 

on the effects of coastal (artisanal) fisheries remains scarce, especially for the data-

deficient West African region. We describe the historical trends between 1998 and 

2020 in catches of sharks and rays in the artisanal fisheries in the Parc National 

du Banc d’Arguin (PNBA), Mauritania (West Africa). We show that 16 shark and 17 

ray species are captured in this area, of which 15 (94%) and 13 (76%) species are 

threatened with extinction, respectively. Initially caught as bycatch in the local small-

scale fishery targeting migratory teleosts, elasmobranch fishing has been practiced 

in the PNBA for over four decades. Within the park, two main gear types are used 

to catch elasmobranchs- shark and meagre fixed gill nets- with catches comprising 

over 60% of elasmobranchs. This indicates that elasmobranchs are not only 

considered bycatch but targeted elasmobranch fisheries are also common. Fishing 

effort increased in 2006 and has remained high recently, whereas catch-per-unit-

effort and occurrences of once common species have declined. Our results highlight 

significant declines in the catches of elasmobranch species, representing a decline 

in the population of these species. We propose that conservation and management 

approaches in the national park should focus on restricting fishing in areas with the 

highest occurrence of threatened species in the catches, introducing new regulations 

on fishing gear types, and restricting trade in elasmobranch products from the PNBA.
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80%*/1K#%',")*+$,-$*)T-D$D:)*"%#P*)%'()#%.*X)%#$)&"#$%&$'$()901K%00.)%'()%#$)'15)1'$)

1<) &"$)/1*&) &"#$%&$'$()7$#&$K#%&$) *+$,-$*)9#13+*D)M,,1#(-'9) &1) #$,$'&)$*&-/%&$*:)

1'$]&"-#()1<)%00)*"%#P)%'()#%.)*+$,-$*)%#$),3##$'&0.)&"#$%&$'$()5-&")$i&-',&-1':)5-&")

overfishing and habitat degradation being the main anthropogenic threats (Dulvy 

,$) +-3) UVU`XD) 2$'$#%00.:) 0%#9$#) *"%#P) %'() #%.) *+$,-$*) $i+$#-$',$) (-*+#1+1#&-1'%00.)

more significant threats (Dulvy ,$)+-3)UV`W:)O$#'%'($*),$)+-3)UV`[XD)="%#P*)%'()#%.*)

are susceptible to increased fishing pressure due to their relatively large body size 

%'() 015) -'&#-'*-,) +1+30%&-1') 9#15&") (3$) &1) Q]*$0$,&$() 0-<$) "-*&1#.) &#%-&*) T-D$D:) *015)

-'(-7-(3%0)9#15&")#%&$*:)0%&$)/%&3#-&.:)%'()015)<$,3'(-&.:)?307.),$)+-3)UV`W:)Y%#&1'),$)

+-3)UV`ZX:)K3&)%#$)%0*1)730'$#%K0$)&1)1&"$#)&"#$%&*:)*3,")%*)"%K-&%&)($9#%(%&-1')(3$)&1)

&"$-#)3*$)1<),1%*&%0)%#$%*)T$D9D:)/%'9#17$*:)Q'-+),$)+-3)UV`VXD

Small-scale fisheries are often considered relatively more sustainable compared 

to industrial fisheries. In the context of ecosystem services, these traditional and 

subsistence fisheries are central to coastal communities (Campredon and Cuq 2001). 

However, artisanal fisheries worldwide have developed over the past decades, 

causing these fisheries to increase in size in most regions (Palomares & Pauly, 2019). 

These fisheries contribute to up to half the global yield in fisheries (The & Pauly 2018, 

?$##-,P) ,$) +-3 2023) and can thus have a significant impact on coastal resources. 

The effect of these fisheries on vulnerable species such as sharks and rays within 

,1%*&%0)/%#-'$)+#1&$,&$()%#$%*)-')&"$)F$*&)M<#-,%')#$9-1')#$/%-'*)3'P'15'D)!"-*)-*)

$*+$,-%00.),1',$#'-'9)(3$)&1)&"$)($&$#-1#%&-'9),1'*$#7%&-1')*&%&3*)1<)*"%#P*)%'()#%.*)

5-&"-')&"$)#$9-1')T?307.),$)+-3)UVU`X:)&"$)"-9")+#1+1#&-1')1<)$'($/-,)*+$,-$*)5-&"-')

&"$)#$9-1')T=&$-'),$)+-3)UV`\X:)%'()&"$-#)3*$)1<),1%*&%0)%#$%*)(3#-'9)$%#0.)0-<$)*&%9$*)

%'()%*)<$$(-'9)#$<39-%)TQ'-+),$)+-3)UV`V:)4$3#*),$)+-3)UVU_XD

!"$)F$*&)M<#-,%')#$9-1'),1'&%-'*)0%#9$),1%*&%0)$,1*.*&$/*:)*3,")%*)&"$)G%',)(JM#93-')

-')L%3#-&%'-%)%'()&"$)G-H%9I*)M#,"-+$0%91) -')23-'$%]G-**%3:)5"-,")%#$),1'*-($#$()

"1&*+1&*) <1#) /%'.) *"1#$K-#() *+$,-$*) T6%&#.) ,$) +-3) UV`b:) A3(/%') ,$) +-3) UVUVX:)

commercial fish species (Binet ,$)+-3)UV`_:)61##$-%),$)+-3)UVU`X:)%'()-')+%#&-,30%#)<1#)

&"#$%&$'$()$'($/-,)*+$,-$*)1<)*"%#P*)%'()#%.*)T=&$-'),$)+-3)UV`\:)4$3#*),$)+-3)UVU_XD)

It is therefore identified as a global priority area for the conservation of endemic 

*"%#P)%'()#%.)*+$,-$*)T=&$-'),$)+-3)UV`\XD)!"-*)-/+1#&%',$)-*)-003*&#%&$()K.)&"$)#$,$'&)

(-*,17$#.)1<)&"$)O%0*$)="%#P)C%.)TC0'#/0"&0%#+)*+1&%$+#%,#2%2X:)%)3'-n3$)0%#9$]K1(-$()

species of wedgefish only known from the shallow waters of Banc d’Arguin (Séret 

%'()@%.01#)UV`^XD)A,$%'-,)3+5$00-'9),1/K-'$()5-&")*"%0015)'3#*$#.)9#13'(*)n3%0-<.)
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the Mauritanian coast as one of the most productive and richest fishing grounds in 

&"$)51#0()TM0($#)%'()=3/%-0%)UVVW:)L$#$/),$)+-3)UV`ZX:)%&&#%,&-'9)K1&")'%&-1'%0)%'()

international fishing fleets (Leurs ,$)+-3)UVU`XD)="%#P*)%'() #%.*)3*-'9),1%*&%0)%#$%*)

within the region are potentially threatened by industrial fisheries operating directly 

13&*-($)&"$*$),1%*&%0)%#$%*)T4$3#*),$)+-3)UVU`X)%'()%0*1)<%,$)%)+1&$'&-%0)&"#$%&)<#1/)

fisheries occurring within these shallow-water areas (Lemrabott ,$)+-3)UVU_XD

This study presents a historical and current perspective on shark and ray fisheries 

within the Banc d’Arguin National Park (PNBA). For this, we use fisheries-dependent 

(%&%),100$,&$()%&)&"$)/%-')0%'(-'9)*-&$*)5-&"-')&"$)'%&-1'%0)+%#P)<1#)17$#)&51)($,%($*D)

To gain more insight into the status of fisheries within the PNBA, a landing site survey 

was initiated in 1997 and is still ongoing. As part of this program, fish landings are 

recorded in all nine fishing villages within the boundaries of PNBA (Figure 3.1). 

Traditionally, species targeted in the artisanal Imraguen fisheries were limited to 

&$0$1*&*:) /%-'0.)/300$&) TK1(%-) /,50+-12X:) /$%9#$) TJ&('&"2"*12) &,(%12X:) %'() *$7$#%0)

other species, such as tilapia and catfish. However, fisheries have increasingly also 

&%#9$&$()$0%*/1K#%',")*+$,-$*)T4$/#%K1&&),$)+-3)UVU_:)4$/#%K1&&),$)+-3 [\[]XD

L1#$)&"%')_V)$0%*/1K#%',")*+$,-$*)"%7$)K$$')(1,3/$'&$()<#1/)&"$)5%&$#*)1<)&"$)

Y@GM:)5-&") *1/$)1<) &"$/)3*-'9) &"-*) %#$%) %*)'3#*$#.) %'() <$$(-'9) %#$%*) T?3,#1,n)

UVVW:)N%0%(13),$)+-3)UVV^XD)M0&"139")&"$)$0%*/1K#%',")+1+30%&-1'*)5-&"-')&"$)Y@GM)

have been fished for over four decades, their current conservation status remains 

uncertain. We report the statistics of these landing site surveys specifically to 

($&$#/-'$)&"$)"-*&1#-,%0)%'(),3##$'&)*&%&3*)1<)0%#9$]K1(-$()*"%#P*)T-D$D:)"%//$#"$%()

and requiem sharks), large rays (i.e., eagle and cownose rays) and guitarfishes (i.e., 

blackchin guitarfish, A-+1/"2$,(12)/,*%/1-12X)5-&"-')&"$)K1#($#*)1<)&"$)'%&-1'%0)+%#PD)

Specifically, we aim to (1) determine the spatiotemporal trends in elasmobranch 

landings within the PNBA from 1998 until 2020, (2) describe the trend of total effort 

and gear-specific effort, and (3) identify potential management opportunities to 

conserve sharks and rays within the PNBA more effectively.

G24".)&'
9*1)3'"#&"
!"$)G%',)(JM#93-')TY@GMX)-*)%)`U:VVV)P/U)*"%0015)-'&$#&-(%0)%#$%)T"20 m depth) off the 

,1%*&)1<)L%3#-&%'-%)TF$*&)M<#-,%m)O-93#$)_D`X)%'()-*)K1&")%)C%/*%#)F$&0%'()*-&$)T`Z\_X)

%'()>@8=6A)F1#0()c$#-&%9$)*-&$)T`Z\ZXD)!"$)Y@GM),1/+#-*$*)%),1/+0$i)'$&51#P)1<)

intertidal flats, seagrass beds and tidal channels. The PNBA, due to its ecological role 
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%'()&"$)"-9")7%03$)<1#)$0%*/1K#%',"),1'*$#7%&-1':)5%*)1',$)($*,#-K$()%*)1'$)1<)&"$)

0%#9$*&)*%',&3%#-$*)<1#)*"%#P*)%'()#%.*)-')M<#-,%)%'()&"$)M&0%'&-,)A,$%')T?3,#1,n)UVVWXD)

114 fishing boats are operational in the nine fishing villages within the PNBA, making 

3+) ,3##$'&0.) &"$) /%i-/3/) '3/K$#) 1<) 7$**$0*) 5-&") $i,03*-7$) %,,$**) &1) &"$) +%#PJ*)

5%&$#*D)O-*"-'9)-*),1'(3,&$()(3#-'9)*-'90$](%.)1#)/30&-+0$](%.)&#-+*)%'()-*)-',#$%*-'90.)

.$%#]#13'(D)O-*"-'9)#-9"&*)%#$)$i,03*-7$)&1)&"$)01,%0);/#%93$'),1//3'-&-$*:)*3KH$,&)&1)

the use of artisanal fishing methods and non-motorized wooden sailing boats known 

%*)k0%',"$*l)T4$/#%K1&&),$)+-3)UVU_:)4$/#%K1&&),$)+-3)UVUWXD

Figure 3.1 L%+)1<)&"$)Y%#,)@%&-1'%0)
(3) G%',) (JM#93-') TY@GMX) -')
L%3#-&%'-%:) *"15-'9) &"$) ;/#%93$')
7-00%9$*)T#$(),-#,0$*X)%'()K13'(%#-$*)
of fishing areas as identified by 
fishers within PNBA (n > 500). 
O-*"-'9)%#$%*) ,1'*-($#$() -'&$#&-(%0)
T-D$D:) $i+1*$() (3#-'9) 015) &-($X) %#$)
indicated in red and subtidal fishing 
%#$%*)-')K03$D
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2"*"'(#+-&,,$%5'"%)'"%".3,&,
Banc d’Arguin artisanal fisheries have been monitored since 1997 in the framework 

1<) %) H1-'&)/1'-&1#-'9) +#19#%/)K$&5$$') ;LCAY) %'() &"$) Y@GMD) M&) *-i) 0%'(-'9) *-&$*:)

01,%0) ,1//3'-&.)/$/K$#*) &#%-'$()K.) &"$)@%&-1'%0) O-*"$#-$*) ;'*&-&3&$)1<)L%3#-&%'-%)

IMROP assist a team of scientific researchers in collecting data. Boat captains and 

fishers volunteer to share details on catches and the fishing trip, which the fisheries 

#$*$%#,"$#*)%#$)+$#/-&&$()&1)#$,1#(D)M)/1#$)($&%-0$()($*,#-+&-1')1<)&"$)0%'(-'9)*-&$)

/1'-&1#-'9)+#19#%/)%'()#$+1#&-'9)1'),%&,")(%&%)-*)+#17-($()-')4$/#%K1&&),$)+-3)TUVU_XD

Table 3.1 Characteristics of gear types and fishing methods in the Banc d’Arguin small-scale 
fisheries.

Local name English name Mesh sizes (mm) Fishing method
O-0$&),13#K-'$ L$%9#$)'$& tUVV Fixed floating gill net & seine fishing
O-0$&)&1001 ="%#P)'$& `WV)Å)`\V Fixed floating gill net
O-0$&)/30$& L300$&)'$& `VV)Å)`UV Fixed floating gill net & seine fishing
4-9'$)%)/%-' c%'(0-'$ `VV)Å)`UV c%'(0-'-'9

Table 3.2)=+$,-$*),%&$91#-$*)3*$(D

Category .$&/0&5 English name Maximum size (cm)
4%#9$)*"%#P* .+&/0+&%#12)L&,B%5%##+ =+-''$#)*"%#P _VV

.+&/0+&%#12)-%*L+$12 G0%,P&-+)*"%#P U\^

.+&/0+&%#12)"L2/1&12 ?3*P.)*"%#P WUV

.+&/0+&%#12)5-1*L,12

.+&/0+&0%#12)2553
=%'(K%#)*"%#P _VV

<50'&#+)-,Z%#% =,%001+$()"%//$#"$%()*"%#P W_V
<50'&#+)='(+,#+ =/11&")"%//$#"$%()*"%#P bVV
A%#(-'*"2$"*+)/%&&+$1* M&0%'&-,)'3#*$)*"%#P W_V
R,(+5&%"#)L&,B%&"2$&%2 4$/1')*"%#P _WV
A+-,"/,&7")/1B%,& !-9$#)*"%#P [bV

Guitarfish A-+1/"2$,(12)/,*%/1-12 Blackchin guitarfish UWU
4%#9$)#%.* C0%#"5$,&+)*+&(%#+$+ 43*-&%'-%'),15'1*$)#%. UVV

J,$"*'-+,12)L"B%#12 ?3,PK-00)$%90$)#%. UUU

F$)%'%0.R$()&"$)(%&%)1')*"%#P)%'()#%.),%&,"$*)<#1/)`ZZ\)&1)UVUVD)O-#*&:)5$)%'%0.R$()

the temporal trends in the total fishing effort and catches of this fishery. The total 

effort summarizes the effort accounted for by four different gear types in these 

fisheries: handlines, mullet nets, meagre nets, and shark nets (Table 3.1). Handline 

fishing comprises a small fraction of the total effort, and in this fishery, less than 10% 

1<),%&,"$*)-')&$#/*)1<)5$-9"&)%#$),1/+#-*$()1<)$0%*/1K#%',"*)TO-93#$)_DbMXD)M0&"139")

mullet net fisheries represent a substantial proportion of total effort, elasmobranch 
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,%&,"$*)%#$)9$'$#%00.)015)TO-93#$)_DbM:)_DbGXD)O-*"$#-$*)3*-'9)*"%#P)'$&*)%'()/$%9#$)

nets constitute a significant part of the total fishing effort (! 50% in the first half of 

&"$)#$+1#&-'9)+$#-1(X:)%'(),%&,"$*)5-&")&"$*$)9$%#)&.+$*),1/+#-*$)%)0%#9$)+1#&-1')1<)

$0%*/1K#%',"*)T~[Vq)%'()^Vq)1<)&"$),%&,")-')5$-9"&:)#$*+$,&-7$0.XD)!"$#$<1#$:)5$)

limited data analysis to the effort and catch data of shark and meagre net fisheries.

We determined the catch-per-unit-effort (CPUE) as an indicator for changes in 

$0%*/1K#%',") %K3'(%',$D)F$) 3*$() 9$'$#%0-R$() %((-&-7$)/1($0*)5-&") %)2%3**-%')

(-*&#-K3&-1') &1) %**$**) ,"%'9$*) -') &"$) &"#$$)/%-') <1,3*) *+$,-$*) 9#13+*) T-D$D:) 0%#9$]

bodied sharks, large benthopelagic rays and guitarfish). For this, we used the 

9%/TX) <3',&-1') 1<) &"$) E/9,7J) +%,P%9$) 5-&") #$*&#-,&$()/%i-/3/) 0-P$0-"11() TC8L4m)

F11(:)UV`[X)-')C)7DWD_D`)TC)61#$)!$%/XD)!1)+#1(3,$)%)/1#$)($&%-0$()%'%0.*-*)1<)&"$)

*+$,-$*) 9#13+*) 1<) -'&$#$*&:)5$) <1,3*$() 1') $0%*/1K#%',"*)5-&") "-9") ,1'*$#7%&-1')

7%03$:)5"-,")%#$)%/1'9) &"$) &1+) &$')/1*&) ,%39"&) *+$,-$*D) =+$,-$*]9#13+)%'%0.*$*)

5$#$)&"$#$<1#$)0-/-&$()&1)T`X)0%#9$]K1(-$()*"%#P*)T-D$D:)#$n3-$/)*"%#P*)6%#,"%#"-'3*)

*++D:) "%//$#"$%() *"%#P*) <50'&#+) 2553:) 0$/1') *"%#P*)R,(+5&%"#) L&,B%&"2$&%2:) %'()

&-9$#) *"%#P*) A+-,"/,&7") /1B%,&X:) TUX) 0%#9$) K$'&"1+$0%9-,) #%.*) T-D$D: (3,PK-00) $%90$)

#%.*) J,$"*'-+,12) L"B%#12:) 43*-&%'-%') ,15'1*$) #%.*) C0%#"5$,&+)*+&(%#+$+X:) %'() T_X)

guitarfishes (i.e., blackchin guitarfish A-+1/"2$,(12)/,*%/1-12X)T!%K0$)_DUXD);')%((-&-1':)

5$)#$+1#&)&"$)1,,3##$',$)1<)*"%#P*)%'()#%.*)-'),%&,"$*)K$&5$$')`ZZ\)%'()UVUV)%&)%)

*+$,-$*)0$7$0D

*2&/14&
Long-term trend of total fishing effort, catch, and CPUE
The total fishing effort shows a significant increase, from a mean of ~1,000 days at sea 

<#1/)`ZZ\)&1)UVVb)&1)/1#$)&"%')&5-,$)%*)"-9")<#1/)UVV[)%'()1'5%#(*)TO-93#$)_DUMXD)

This trend in fishing effort comprises four gear types: handlines, mullet nets, meagre 

nets, and shark nets (Table 3.1). In terms of fishing effort, handlines are used for "`Vq)

of the total fishing effort and the catch comprises less than 10% of elasmobranchs 

T-D$D:)-')&$#/*)1<)5$-9"&m)O-93#$)_D_XD)L300$&)'$&*)%#$)3*$()/1#$)%*)&"$-#)+#1+1#&-1')1<)

the total fishing effort varies between 20 and 65%, though elasmobranch catches are 

9$'$#%00.)015D)O-*"$#-$*)3*-'9)*"%#P])%'()/$%9#$)'$&*),1'*&-&3&$)%)*3K*&%'&-%0)+%#&)

of the total fishing effort. However, this has decreased from approximately 50% of 

the total fishing effort between 1998 and 2010 to approximately 30% in the last four 

.$%#*)TUV`^]UVUVXD)!"$),%&,"$*)1<)&"$*$)'$&*),1/+#-*$)^V)&1)[bq)1<)$0%*/1K#%',"*)

TO-93#$)_D_XD)
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The catch increase corresponds with the rise in total fishing effort, from 50 tons per 

/1'&") -') UVVb) &1) %++#1i-/%&$0.) `_V) &1'*) +$#)/1'&") -') UV`V) TO-93#$) _DUGXD) M<&$#)

UV`V:),%&,"$*)*"15)%)($,#$%*-'9)&#$'()&1)%++#1i-/%&$0.)bV)&1'*)+$#)/1'&")-')UVUVD)

!"$)($,#$%*$)-')6Y>8)-'(-,%&$*)&"%&)(%-0.),%&,"$*)"%7$)($,#$%*$()<#1/)`bVP9j(%.)

-')`ZZ\j`ZZZ)&1)%K13&)UV)P9j(%.)-')UVUV)TCU)r)VDW[m)O-93#$)_DU6XD)!"-*) -*)%')17$#%00)

difference of 86.7% in elasmobranch landings between the start and the end of the 

*&3(.)+$#-1(D)61'*-($#-'9)&"$)/1'&"0.)7%#-%&-1')-'),%&,"$*:)/1'&")%'().$%#)$i+0%-'$()

bUq)1<)&"$)($7-%',$)-')6Y>8)1<)$0%*/1K#%',"*)T!%K0$)UXD

!
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Figure 3.2 A7$#%00)&#$'(*)(3#-'9)
&"$) $'&-#$) *&3(.) +$#-1() -') TMX
fishing effort (in 1,000 sea days), 
TGX) &1&%0) ,%&,") T-') &1'*X:) %'()
(C) catch-per-unit-effort (CPUE 
-') P9j(%.*X) +$#) /1'&") <1#) %00)
$0%*/1K#%',")*+$,-$*),%39"&)-')
*"%#P:)/$%9#$:)%'()/300$&)'$&*:)
%'() "%'(0-'$*D) Y01&*) -'(-,%&$)
model fit (black lines) and 95% 
confidence interval (light blue).
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Gear-specific analysis shows that the use of shark and meagre nets increased in 2005 

and 2006, though fishing effort with either net was subsequently reduced towards 

&"$)$'()1<)&"$)*&3(.)+$#-1()TO-93#$)_DWXD)6%&,"$*)1<)*"%#P*),1'*&-&3&$()bWq)1<),%&,"$*)

5-&")*"%#P)'$&*:)5"-,")5%*)"-9"$#),1/+%#$()&1)#%.),%&,"$*)-')&"$*$)'$&*)T`Zq:)O-93#$)

_D_MXD) =-/-0%#0.:) #%.) ,%&,"$*) 5$#$) ,1'*-($#%K0.) "-9"$#) -')/$%9#$) '$&*) TW`qX) &"%')

*"%#P),%&,"$*) TU`q:)O-93#$)_D_MXD)C%.),%,"$*)5$#$) 015) T"_\V)&1'*)+$#).$%#X) -') &"$)

+$#-1()`ZZ\]UVV^)%'()5$#$)#$0%&-7$0.)"-9")K$&5$$')UVV\)%'()UV`U)TbbV)&1)`UVV)&1'*)

+$#).$%#m)O-93#$)_DWGXD)M<&$#)UV`U:)#%.),%&,"$*)($,#$%*$()&1)0$**)&"%')bV)&1'*j.$%#)

-')*"%#P)'$&*)%'()&1)UbV)&1'*j.$%#) -')/$%9#$)'$&*)<#1/)UV`[)1'5%#()TO-93#$)_DWXD)

Gear-specific CPUE for shark nets was higher for sharks between 2016 and 2019, with 

K$&5$$')`UV)%'()_VV)P9j(%.D)!"$)6Y>8)1<)#%.*)-')/$%9#$)'$&*)5%*)"-9"$*&)K$&5$$')

UV``)%'()UV`_:)5-&")``V)&1)UUV)P9j(%.)TO-93#$)_DWXD

Teleosts Rays SharksA B Shark net Meagre net Mullet net Handline
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Figure 3.3)TMX)!"$)+#1+1#&-1')1<)&$0$1*&*:)#%.*)%'()*"%#P*)-')&"$)%''3%0),%&,"$*)-')5$-9"&)T&1'*XD)
(B) The proportion of fishing effort that a gear type is used annually (in terms of sea days).
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Table 3.3 Summary table of the generalized additive model (GAM) results for total effort (days 
%&)*$%X:)&1&%0),%&,")T5$-9"&)-')P9X:)%'()6Y>8)TP9j(%.)%&)*$%X)17$#%00)9$%#)&.+$*)<#1/)`ZZ\)&1)UVUV)
in Banc d’Arguin (edf: effective degrees of freedom; R-sq (adj): adjusted R-squared, and Dev. 
$i+0DS)?$7-%',$)$i+0%-'$(:)+]7%03$)+$#)*/11&"$#XD

I&5$+15& edf R-sq. (adj) Dev. expl. (%) p-value
Total effort VD^b ^\

*To$%#X [D\ sU$]`^
*TL1'&"X ^D[ sU$]`^

*To$%#:)L1'&"X `VD\ sU$]`^
Total catch VDWW WZ

*To$%#X bD[ sU$]`^
*TL1'&"X [DZ sU$]`^

*To$%#:)L1'&"X `VDV VDVVZV_
!LMD VDW[ bU

*To$%#X [D^ sU$]`^
*TL1'&"X [D[ sU$]`^

*To$%#:)L1'&"X \D[ sU$]`^

!

A

B

C

Shark net Meagre net

Figure 3.4 (A) Overall annual total fishing effort (in 1,000 sea days), (B) total catch (tons), and (C) 
catch per unit of effort (kg/sea day) (CPUE) for sharks (purple) and rays (orange) in shark nets 
T0$<&X)%'()-')/$%9#$)'$&*)T#-9"&XD
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Species group trends and species-specific occurrences
The CPUE of large sharks (Figure 3.5A) and blackchin guitarfish (Figure 3.5B) 

($,#$%*$()+#-1#)&1)UV`V)&1)#$/%-')K$015)%)6Y>8)1<)UDb)%'()`U)P9j(%.)<1#)&"$*$)&51)

*+$,-$*)9#13+*:)#$*+$,&-7$0.D)61'&#%*&-'90.:)&"$)6Y>8)1<)&"$)0%#9$)K$'&"1+$0%9-,)#%.*)

-',#$%*$()(3#-'9)&"-*)+$#-1()<#1/)%)6Y>8)K$015)`V)P9j(%.)K$<1#$)UVVb)&1)%)6Y>8)

K$&5$$')_V) %'()WV) P9j(%.)K$&5$$')UVV\) %'()UV``) TO-93#$) _Db6XD) M<&$#) UV``:) &"$)

6Y>8)1<) &"-*)*+$,-$*)($,0-'$(),1'&-'313*0.:)5-&") &"$)6Y>8)%++#1%,"-'9)`V)P9j(%.)

in 2020. To further explain these species group trends, we show the species-specific 

1,,3##$',$) -') ,%&,"$*)17$#) &"$)`ZZ\) &1)UVUV)+$#-1()5-&"-') &"$)Y@GM) TO-93#$)_D^XD)

In total, 33 species of elasmobranchs (16 sharks and 17 rays) were identified at the 

*+$,-$*]0$7$0)(3#-'9)&"$)*&3(.)+$#-1()TO-93#$)_D^XD

A

B

C

Figure 3.5 !#$'(*) -'),%&,"]+$#]
unit-effort (CPUE) in focal species 
9#13+*)1<)$0%*/1K#%',"*)1<)TMX)
0%#9$) *"%#P*) T-D$D:) "%//$#"$%()
*"%#P*:) #$n3-$/) *"%#P*:) '3#*$)
*"%#P:) 0$/1') *"%#P) %'() &-9$#)
shark), (B) blackchin guitarfish 
%'() T6X) #%.*) T-D$D:) 43*-&%'-%')
,15'1*$)#%.)%'()(3,PK-00)$%90$)
#%.X:) 0%'($() K.) *"%#P) '$&*) %'()
/$%9#$) '$&*) 17$#) &"$) *&3(.)
+$#-1()̀ ZZ\]UVUVD)Y01&*)-'(-,%&$)
a fitted trend (black) through 
&"$) *3//$() %''3%0) (%&%) 5-&")
a 95% confidence interval (blue; 
!%K0$)WXD
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!"$)/%H1#-&.)1<)&"$*$)*+$,-$*)T\bq:)')r)U\X)%#$),3##$'&0.) 0-*&$()%*)&"#$%&$'$()5-&")
$i&-',&-1') T-D$D:) ;>6@) ,%&$91#.) 6#-&-,%00.) 8'(%'9$#$(:) 8'(%'9$#$(:) %'() N30'$#%K0$X)
%'() %#$) 9$'$#%00.) *+$,-$*) &"%&) %&&%-') 0%#9$)/%i-/3/) *-R$*) T!) `bV) ,/XD)F$) *"15)
&"%&)&"$)1,,3##$',$)1<)0%#9$)*"%#P)%'()#%.)*+$,-$*)-'),%&,"$*)-')&"$)Y@GM)-*)"-9"$#)
during the fi rst half of the study period (i.e., before 2010) and that the occurrence of 
*/%00$#]K1(-$()*+$,-$*)T$D9D:)/-0P)*"%#P)C0%="5&%"#"7"#)+/1$12:)%'()*&-'9#%.)*+$,-$*)
>+2'+$%2j!"#$%$&'("#)2553X)#$/%-'$()&"#139"13&)&"$)*&3(.)+$#-1()TO-93#$)_D^XD)A<)%00)
elasmobranch species confi rmed in the catches within the PNBA, nine species were 
'1&)1K*$#7$()-')&"$)0%'(-'9*)<1#)/1#$)&"%')%)($,%($D

Table 3.4D)=3//%#.)&%K0$)1<)&"$)9$'$#%0-R$()%((-&-7$)/1($0)T2MLX)#$*30&*)<1#)*"%#P*:)K0%,P,"-')
guitarfi sh and rays CPUE in shark nets and meagre nets derived from 1998 to 2020 in Banc 
d’Arguin (edf: eff ective degrees of freedom; R-sq (adj): R squared adjusted, and Dev. expl.: 
($7-%',$)$i+0%-'$(XD

405"&'; I&5$+15& edf R-sq. (adj) Dev. expl. (%) p-value
4%#9$)*"%#P* 6Y>8 [DW VDZ\ ZZ s)VDVV`
Blackchin guitarfi sh 6Y>8 WD^ VD\[ ZV s)VDVV`
4%#9$)#%.* 6Y>8 bD\ VD^Z [[ s)VDVV`

Figure 3.6)=+$,-$*)1,,3##$',$)-')&"$),%&,"$*:)1#9%'-R$()K.).$%#)%'()K.)($,#$%*-'9)&"$)/%i-/3/)
*-R$)1<)&"$)*+$,-$*)<1#)&"$)&51)$0%*/1K#%',")*+$,-$*)9#13+*)TMX)*"%#P*:)%'()TGX)#%.*D)2#%.)7%03$*)
-'(-,%&$)/-**-'9)7%03$*D
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E,&9/&&,.(
Based on over twenty years of fisheries-dependent data, we show how fisheries 
1') *"%#P) %'() #%.) *+$,-$*) -') &"$) G%',) (JM#93-') TY@GMX) ,"%'9$() <#1/) */%00]*,%0$)
to more commercialized fisheries targeting sharks and rays until catches severely 
($,0-'$()TK$&5$$')UV`V)%'()UVUVXD)F$)-'&$#+#$&)&"$)($,#$%*$)-')6Y>8)&1)#$+#$*$'&)%)
($,#$%*-'9)%K3'(%',$)1<)&"$*$)730'$#%K0$)*+$,-$*)5-&"-')&"$)'%&-1'%0)+%#PD)6%&,"$*)
of large sharks, guitarfish, and large rays (i.e., eagle and cownose rays) decreased 
#$*+$,&-7$0.)K.)ZVq:)\Vq)%'()bVq)K$&5$$')`ZZ\)%'()UVUVD

The elasmobranch fishery in PNBA is not driven by local demand as the local 
,1//3'-&-$*)(1)'1&) ,1'*3/$)$0%*/1K#%',")*+$,-$*D) !"$#$<1#$:) ,1//1(-&-$*)%#$)
$i+1#&$()&1)T-'&$#'%&-1'%0X)/%#P$&*D)=3K*&%'&-%0)$0%*/1K#%',"),%&,"$*)-')&"$)Y@GM)
(-()'1&),1//$',$)3'&-0)&"$)$%#0.)`Z\V*)T4$/#%K1&&),$)+-3 %#)5&,22XD)!"-*)+#%,&-,$)5%*)
incentivized by the emerging international trade in shark fins and dried ray meat, 
and Imraguen fishers within the Banc d’Arguin gained access to international trade 
'$&51#P*)T?3,#1,n)UVVWXD);'-&-%00.:)$0%*/1K#%',"*)5$#$),1'*-($#$()K.,%&,")-')0%#9$]
bodied teleost fisheries targeting species like meagre (J&('&"2"*12)&,(%12XD)c15$7$#:)
5$)*"15)&"%&)$0%*/1K#%',"*)#$+#$*$'&)^Vq)%'()[Vq)1<) &"$) &1&%0),%&,"$*) -')9$%#)
types used in meagre fisheries and by using shark nets, respectively. These catches 
1<&$')1,,3#) -')*"%0015)%#$%*:)$*+$,-%00.) -')&"$)-'&$#&-(%0)5"-,")#%.*)<#$n3$'&0.)3*$D)
A3#) #$*30&*:) &"$#$<1#$:) -'(-,%&$) &"%&) $0%*/1K#%',"*) -') Y@GM) %#$) '1&) K.,%&,") K3&)
represent targeted catches, especially due to the existence of a gear type specifically 
3*$()&1),%&,")*"%#P*)T-D$D:)*"%#P)'$&*X)%'()&"$)($+01./$'&)1<)0%#9$]/$*")/$%9#$)'$&*)
T+$0%9-,)*+$,-$*X)-')-'&$#&-(%0)5%&$#*)&1)&%#9$&)#%.*D

F-&"-')&"$)K13'(%#-$*)1<)&"$)Y@GM:)&%#9$&$(),%&,"$*)1<)*"%#P*)%'()#%.*)%#$)-00$9%0)T?-1+)
%'()?1**%)UV``X:)K3&)5$)*"15)&"%&)&"$),%+&3#$)1<)&"$*$)*+$,-$*)"%*)($7$01+$()-'&1)%')
important economic driver of fisheries within the park over the past decades compared 
to the traditional teleost fisheries (Lemrabott ,$)+-3 %#)5&,22XD)!1)-/+#17$)&"$)*-&3%&-1')<1#)
$0%*/1K#%',"*)-')&"$)Y@GM:)&"$)+#-1#-&.) -*)&1)-/+0$/$'&)#$930%&-1'*)%9%-'*&)&%#9$&$()
elasmobranch fisheries in locations with high occurrences of threatened species. 
O3#&"$#/1#$:)($+01./$'&)1<)0%#9$)/$*"]*-R$)'$&*)*"130()K$)(-*,1'&-'3$()-')1,,3##$',$)
areas of elasmobranchs and shallow waters or tidal channels frequented by guitarfish, 
,15'1*$)#%.*)%'()$%90$)#%.*)(3#-'9)&"$-#)&-(%0)/17$/$'&*)T4$3#*),$)+-3)UVU_XD

M/1'9)$0%*/1K#%',")*+$,-$*:)&"$)1'$*)/1*&)&"#$%&$'$()%&)%)901K%0)0$7$0)$',1/+%**)
&"$) "-9"$*&) ,%&,"$*:) <3#&"$#) ($&$#-1#%&-'9) &"$) ,1'*$#7%&-1') *&%&3*) 1<) &"$*$) *+$,-$*)
T=&$-'),$)+-3)UV`\:)?307.),$)+-3)UVU`X)5-&"-')&"$)#$9-1')%'()3'($#/-'-'9)&"$)+1&$'&-%00.)
-/+1#&%'&) #10$) &"%&) %#$%*) 0-P$) &"$) Y@GM) +0%.) -') &"$) 0-<$,.,0$) 1<) &"$*$) &"#$%&$'$()
$0%*/1K#%',")*+$,-$*)T4$3#*),$)+-3)UVU_XD)201K%00.:)$0%*/1K#%',"*)%#$)&"#$%&$'$()K.)
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targeted catches or as bycatch in small-scale or industrial fishing (Stevens ,$)+-3)UVVV:)
O$#'w'($R),$)+-3)UVVb:)?307.),$)+-3)UVU`:)4$3#*),$)+-3)UVU`XD)F-&"-')&"$)G%',)(JM#93-':)
85% of elasmobranch species captured in the fisheries are currently threatened with 
extinction, including ten species (36%) that are critically endangered. In general, fish 
*+$,-$*)5-&")0%#9$)/%i-/3/)*-R$*)T!)`WZ),/X)%#$)$*+$,-%00.)730'$#%K0$)&1)$i+01-&%&-1')
TO$#'%'($*),$)+-3)UV`[XD)L%'.)1<)&"$)$0%*/1K#%',"*)5$)*&3(-$()#$%,")0%#9$)/%i-/3/)
*-R$*)T/1*&)!)UVV,/XD)c15$7$#:)-')&"$)Y@GM)$,1*.*&$/:)&"$)*/%00$#:)H37$'-0$)-'(-7-(3%0*)
are often the ones experiencing high mortality through fisheries due to their use of the 
-'&$#&-(%0)%'()*"%0015]5%&$#)"%K-&%&*)%*)%) #$<39$)(3#-'9)$%#0.) 0-<$)*&%9$*) TQ'-+),$)+-3
UV`V:)4$3#*),$)+-3)UV`VXD)!"-*)-/+0-$*)&"%&)$i+01-&%&-1')-')&"-*)'%&-1'%0)+%#P)/%.)-/+1*$)%)
,#-&-,%0)K1&&0$'$,P)<1#)*+$,-$*)5-&")*015)0-<$)"-*&1#-$*)&"%&)%#$)1<&$')%0#$%(.),%&$91#-R$()
%*)&"#$%&$'$()5-&")$i&-',&-1')%'()5"-,")($+$'()1')&"$*$)"%K-&%&*D

F$)*"15)&"%&)$0%*/1K#%',")*+$,-$*)%#$)($,0-'-'9)*$7$#$0.)-')+1+30%&-1'*)-')&"$)G%',)
(JM#93-':)5-&")&"$)/1*&),1//1')*+$,-$*)0-P$0.)(-*%++$%#-'9)<#1/)&"$)%#$%)-<)&"$*$)
'$9%&-7$)&#$'(*)%#$)'1&)#$7$#*$(D)=1/$)0%#9$).+&/0+&0%#%7+,)%'()=+".#'-(%$)*"%#P*)
fished earlier in the 1980s for their high-priced fins (Lemrabott ,$)+-3)UVUWX)"%7$)'1&)
K$$') #$,1#($() -') &"$) 0%'(-'9*) 17$#) &"$) 0%*&) ($,%($*D) c%//$#"$%() *"%#P*) "%7$)
$i+$#-$',$() *-/-0%#) ($,#$%*-'9) &#$'(*D) !"$) #%.*) C0%#"L+$"2) %&B%#,%:) C0'#/0"L+$12)
-1,LL,&$%:)K'-%"L+$%2)+X1%-+:)%'()!"#$%$&'("#)*+&(+&%$+)5$#$)*-9"&$()1'0.)%)<$5)&-/$*)
(3#-'9)&"$)*&3(.)+$#-1()%'()&"$')(-*%++$%#$()<#1/)&"$),%&,"$*)<#1/)UVVZ)1'5%#(*:)
which may also be caused by misidentification of species due to these species being 
difficult to differentiate from similar species (e.g., within the Fontitrygon genus). The 
Banc d’Arguin is especially important for blackchin guitarfish (A-+1/"2$,(12)/,*%/1-12X:)
5-&")%(30&*)%'()H37$'-0$*)3*-'9)&"$)Y@GM)%*)/%&-'9)%'()'3#*$#.)%#$%*)TN%0%(13),$)+-3
UVV^XD)!"-*)*+$,-$*)*"15$()($,0-'$*)-')-&*)6Y>8)&1),#-&-,%00.)015)0$7$0*)*-',$)&%#9$&$()
,%&,"$*)*&%#&$()-')&"$)`ZZV*)T4$/#%K1&&),$)+-3)UVUW:)G130%.)UV`_X:)0-P$0.)/1&-7%&$()K.)
the demand for its relatively large fins as an alternative after the depletion of large 
*"%#P*)TQ.'$),$)+-3 2020). These large-bodied rays have been subject to high fishing 
pressure, which is evident from their significant declines in CPUE before 2005, after 
5"-,")6Y>8)#$/%-'$()015)<1#)&"$)#$/%-'($#)1<)&"$)*&3(.)+$#-1(D

!"$) -',#$%*$() ,%&,"$*) 1<) &"#$%&$'$() *+$,-$*) %'() &"$) ($,#$%*$) 1<) $0%*/1K#%',")
(-7$#*-&.)17$#)&-/$)#%-*$),1',$#'*)<1#)$0%*/1K#%',"*)-')&"$)Y@GMD)="%#P*)%'()#%.*)
#$+#$*$'&)%') -/+1#&%'&)+#$(%&1#.)9#13+:)1,,3+.-'9) #10$*)%*)K1&") &1+])%'()/$*1]
+#$(%&1#*)-')/%#-'$)*.*&$/*)Tc$3+$0),$)+-3)UV`W:)@%7-%),$)+-3)UV`^XD);')0%#9$)-'&$#&-(%0)
areas such as the PNBA, their loss can potentially affect the ecological functioning of 
&"$*$)0%#9$)-'&$#&-(%0)*.*&$/*)T4$3#*),$)+-3)UVU_XD)A3#)#$*30&*)*"15)&"%&)-')&"$)G%',)
(JM#93-':) *1/$)$0%*/1K#%',")*+$,-$*)/%.)"%7$)%0#$%(.)(-*%++$%#$()1#)%#$) ,01*$)
&1)(-*%++$%#%',$:)1#)&"$-#)%K3'(%',$)-*)'15)*1) 015)&"%&)&"$-#)$,1019-,%0)#10$*)%#$)
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#$(3'(%'&D)!"$*$)#$*30&*)%#$)%0%#/-'9)%*)1&"$#) -,1'-,)$0%*/1K#%',")*+$,-$*)"%7$)
already disappeared from the West African region, such as sawfishes (E&%2$%2)2553X:)&"$)
<%0*$)*"%#P)#%.)TC0'#/0"&0%#+)*+1&%$+#%,#2%2T and the African wedgefish (C0'#/0"L+$12)
-1,LL,&$%X)"%7$)(-*%++$%#$()$'&-#$0.)1#)<#1/)+%#&*)1<)&"$)#$9-1')T6%/+#$(1')%'()63n)
UVV`:)a%K%(1),$)+-3)UVV^:)=h#$&)%'()@%.01#)UV`^:)L11#$)UV`[XD)A7$#%00:)&"-*)/%.)0$%()
to a simplification of the food web of these large intertidal ecosystems. For instance, 
&"$)-',#$%*$)-'),%&,"$*)1<)*"%#P*)-')&"$)0%*&).$%#*)1<)&"$)*&3(.)+$#-1()-*),%3*$()K.)
%') -',#$%*$) -') ,%&,"$*)1<)/-0P) *"%#P*:)%) #$0%&-7$0.) <%*&]9#15-'9)*"%#P) *+$,-$*D)!"-*)
simplification of elasmobranch communities and a shift towards fast-growing 
*+$,-$*)T-D$D:)*/%00]K1(-$()*"%#P*)%'()*/%00)*&-'9#%.*X),%')"%7$),1'*$n3$',$*)<1#)&"$)
$,1019-,%0)<3',&-1'-'9)1<),1%*&%0)$,1*.*&$/*D

Our findings lead to several suggestions for improved management of sharks and 
#%.*)5-&"-')&"$)Y@GMD)80%*/1K#%',"*)5$#$)1<&$'),%39"&)-')&"$)/$%9#$)'$&*)($+01.$()
-') *"%0015)5%&$#*) %'() -') &"$) *"%#P*) '$&*) *+$,-%0-R$() <1#) ,%+&3#-'9) *"%#P*D) !"-*) -*)
K$,%3*$)/$%9#$)'$&*)%#$)3*$()13&*-($)&"$)&%#9$&)*+$,-$*J)*$%*1')%'()"%K-&%&)%'()%#$)
($+01.$().$%#]#13'()-')&"$)*"%0015)-'&$#&-(%0)"%K-&%&*)1<)#%.*D) ;')%((-&-1':)/$%9#$)
'$&*) "%7$) 0%#9$#) /$*") *-R$*) &"%') *"%#P) '$&*:) 1#-9-'%00.) -'&$'($() &1) +#$7$'&) &"$)
,%+&3#$)1<)*/%00$#)'1']&%#9$&)*+$,-$*D)M*)*3,":)-&)-*)0%#9$)/$*"]*-R$()'$&*)-'&$'($()
for fishing of teleost that are effectively used to target rays in shallow water habitats 
%'()&1)-'&$#<$#$)5-&")&"$-#)&-(%0)/17$/$'&*)<#1/)%'()&1)-'&$#&-(%0)"%K-&%&*)T4$3#*),$)
+-3)UVU_XD)61/+%#$()&1)<%*&]9#15-'9)&$0$1*&*)&"%&),%')*3*&%-')0$7$0*)1<)$i+01-&%&-1':)
applying the same fishing pressure and techniques to elasmobranchs can significantly 
-/+%,&) &"$-#) *015]9#15-'9) +1+30%&-1'*D) !"$) 0%K$0) K.,%&,") 3*$() &1) &10$#%&$) &"$)
0%'(-'9*)1<)$0%*/1K#%',"*)K.)&"$)%3&"1#-&-$*)%&)G%',)(JM#93-')"%*)K$$')/-*0$%(-'9:)
%*)&"$.)%#$)&%#9$&$()K.)*+$,-%0-R$()'$&*)*$&)-')"%K-&%&*)<#$n3$'&$()K.)$0%*/1K#%',"*)
&"#139")&"$-#)&-(%0)/17$/$'&*D)A'0.)*1/$)$0%*/1K#%',"*),%+&3#$()-')/300$&)'$&*)
T,1/+#-*-'9)0$**)&"%')`Vq)1<)&"$),%&,"X)*"130()K$)#$%*1'%K0.),1'*-($#$()K.,%&,"D

!"$)/%'%9$#*)1<)&"$)Y%#,)@%&-1'%0)(3)G%',)(JM#93-')<%,$)%),"%00$'9-'9)&%*P)&1)*&1+)
unsustainable fishing of threatened elasmobranchs. In 2006-2020, total catches of 
elasmobranchs increased with the expansion of the fishery to include species not 
targeted before (e.g., the large rays). We suggest the next step towards effective 
management of elasmobranch species within the PNBA include: (1) lowering fishing 
effort directed towards sharks and rays by closing fishing areas with high shark and 
ray catches for large mesh-sized nets or shark-specific gear types and (2) enforce the 
K%')1')&#%($)-')*"%#P)%'()#%.)+#1(3,&*)1#-9-'%&-'9)<#1/)5-&"-')&"$)Y@GM)5-&")&#%($)
,1'&#10*)%'()1'K1%#(),%&,"),1'&#10*D)!"$*$)/$%*3#$*)%#$)3'0-P$0.)&1)K$)*3,,$**<30)
without ensuring the promotion and availability of an alternative, sustainable fishery 
practice or alternative incomes for local Imraguen fishers.
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Chapter 4

Abstract
The lack of historical shark and ray catch information often hampers the management 

of small-scale fisheries. We reconstructed historical population trends and current 

fishing pressure by combining local ecological knowledge, satellite-based vessel 

counts, and a short-term landing site survey. To demonstrate the effectiveness of 

this methodology, we focused on the Bijagós Archipelago (Guinea-Bissau, West 

Africa), where historical fisheries data are lacking. We conclude that benthic rays 

(stingrays/butterfly rays), benthopelagic rays (eagle/cownose rays), guitarfish, 

requiem sharks, and hammerhead sharks have declined in abundance by 81.5 to 

96.7% (species dependent) between 1960–2020. Fishing effort increased annually: 

fishing trip duration by 42.0 ± 3.4% (1960-2020) and number of vessels by 12.0 ± 

1.1% (2007-2022). We estimated that in 2020, fishing vessels collectively captured 

approximately 340 sharks and up to 2,553 rays per day within the archipelago. 

However, this likely underestimates the actual catch since vessels from neighboring 

countries operating in these waters were unaccounted for. We recommend reducing 

shark and ray catches through the regulation and enforcement of fishing fleet size 

and reinforcing boundaries of protected areas to safeguard these vulnerable species 

within the archipelago. Our study demonstrates the value of this innovative three-

pronged approach in determining historical trends and fishing pressures in regions 

lacking such baseline data, which is a common challenge in areas with small-scale 

fisheries and limited research capacity.
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:(4$.)/94,.(
The impact of global fisheries on marine ecosystems, marine biodiversity and fish 
+1+30%&-1'*)-*)+#1<13'()Ta%,P*1'),$)+-3)UVV`:)41&R$),$)+-3)UVV[XD)!"$*$),"%'9$*)"%7$)K$$')
0-'P$()&1)*"-<&*)-')$,1*.*&$/)<3',&-1'-'9)%'()%)01**)1<)$,1*.*&$/)*$#7-,$*)Ta%,P*1'),$)
+-3)UVV`:)41&R$),$)+-3)UVV^:)F1#/),$)+-3 2006). One of the most affected species groups 
-*) *"%#P*) %'() #%.*) T-D$D:) $0%*/1K#%',"*X:) "-9"0-9"&$() K.) &"$-#) ($&$#-1#%&-'9) 901K%0)
,1'*$#7%&-1')*&%&3*D);'($$(:)%')$*&-/%&$()1'$]&"-#()1<)%00)*"%#P)%'()#%.)*+$,-$*)%#$)
&"#$%&$'$()5-&")$i&-',&-1')T?307.),$)+-3 2021). The impact of industrial fisheries on 
*"%#P)%'()#%.)+1+30%&-1'*)"%*)K$$')(1,3/$'&$()$i&$'*-7$0.)T$D9D:)G%3/),$)+-3)UVV_:)
F1#/),$)+-3)UV`_:)Ç3$-#1R),$)+-3 2019). Many of these fisheries are managed through 
regional fisheries bodies (e.g., tuna Regional Fisheries Management Organization) 
and fishing agreements (e.g., Sustainable Fisheries Partnership Agreements), which 
include requirements on catch data reporting, and whereby industrial vessel fishing 
01,%&-1'*) ,%') K$) &#%,$() TQ#11(*/%) ,$) +-3) UV`\X) %'() +1&$'&-%0) -00$9%0) %,&-7-&-$*) ,%')
K$)+#$(-,&$() TF$0,"),$)+-3 2022). The majority of these industrial fishing fleets are 
#$*&#-,&$()&1)($$+)5%&$#*) T!)UVV)/)($+&"X)1#)&1)%),$#&%-')(-*&%',$)<#1/)&"$)*"1#$)
(e.g., five nautical miles) and operate on the edge of coastal areas and in pelagic 
#$%0/*)TQ#11(*/%),$)+-3)UV`\:)4$3#*),$)+-3 2021). Therefore, these fisheries are mostly 
$i+$,&$()&1)-/+%,&)+$0%9-,)*"%#P)%'()#%.)*+$,-$*)TY%,13#$%3),$)+-3)UVU`X)&"%&)/17$)
17$#) 01'9) (-*&%',$*) TÇ3$-#1R) ,$) +-3) UV`ZX) %'() *+$,-$*) /17-'9) %5%.) <#1/) ,1%*&%0)
#$+#1(3,&-7$)%'()<$$(-'9)%#$%*)T4$3#*),$)+-3)UVU`XD

Within coastal areas, where most shark and ray species occur, the combined effects 

of fisheries and habitat degradation are disproportionately high (Dulvy ,$)+-3) UVU`XD)

Here, sharks and rays are mostly affected by small-scale fisheries (i.e., fisheries using 

*/%00)T,1%*&%0X)7$**$0*)%'()/-'-/%0)3*$)1<)&$,"'1019-,%0)9$%#:)6"3$'+%9($$),$)+-3)UVV^:)

23-00$/1&),$) +-3 2014), and their interaction with industrial fisheries can be limited. 

Globally, catches associated with small-scale fisheries make up a large proportion of 

total fish catches (Teh and Pauly 2018, Palomares and Pauly 2019), especially in regions 

where these fisheries have a close link with local communities and are important for 

food security (Palomares and Pauly 2019). Small-scale fisheries have increased steadily 

17$#)&"$)+%*&)($,%($*)T!$")%'()Y%30.)UV`\:)Y%01/%#$*)%'()Y%30.)UV`ZX)%'(),%')"%7$)

"-9")&%#9$&$()%'()-',-($'&%0),%&,")1<)*"%#P*)%'()#%.*)T$D9D:)!$/+0$),$)+-3)UV`Z:)Q%#'%()

,$)+-3)UVUV:)c%n3$),$)+-3)UVU`XD)?3$)&1)&"$)*+%&-%00.),1',$'&#%&$()'%&3#$)1<)*/%00]*,%0$)

fisheries in nearshore areas, their overlap with coastal shark and ray species can be 

#$0%&-7$0.)"-9":)0-P$0.)$i$#&-'9)"-9")01,%0-R$()+#$**3#$)1')&"$-#)+1+30%&-1'*D);')%((-&-1':)

these fisheries can impact the vulnerable early life stages of shark and ray species 

3*-'9)'$%#*"1#$)%#$%*) %*)'3#*$#.) %'() <$$(-'9)%#$%*) TQ'-+),$) +-3) UV`VXD)?$*+-&$) &"$)



[U

!"#$%&'()

increase of these fisheries and their importance to local communities for income or 

*3K*-*&$',$)T!$")%'()Y%30.)UV`\:)c%n3$),$)+-3)UVU`X:)&"$.)%#$)1<&$')3'#$930%&$(:)5-&")

0-&&0$)1#)'1)#$+1#&-'9)1<),%&,"$*)TG$0"%K-K),$)+-3)UV`W:)8P+1)%'()8**-$'];K1P)UV`Z:)c%n3$)

,$)+-3 2021). Such limited data availability and low traceability of fishing efforts make the 

assessment of the impact of these fisheries on sharks and rays challenging.

c$#$:)5$)%&&$/+&)&1)($&$#/-'$)&"$)"-*&1#-,%0)%'(),3##$'&)+1+30%&-1')&#$'(*)1<)*"%#P*)

and rays in areas where fisheries-dependent data collection is scarce or nonexistent. 

We focused on one of the largest coastal ecosystems in one of the most data-deficient 

regions of the world: the Bijagós Archipelago off the coast of Guinea-Bissau in West Africa. 

In West Africa, both industrial and small-scale fisheries have rapidly expanded over the 

+%*&)($,%($*)T6%/+#$(1')%'()63n)UVV`:)4$/#%K1&&),$)+-3)UVU_:)4$3#*),$)+-3)UVU`XD)="%#P*)

and rays are often targeted or retained when incidentally caught for their fins, destined 

<1#)-'&$#'%&-1'%0)/%#P$&*:)%'()&"$-#)/$%&)<1#)01,%0)1#)#$9-1'%0)/%#P$&*)T?-1+)%'()?1**%)

UV``XD)61%*&%0)%#$%*)-')&"$)#$9-1')%#$)+1&$'&-%00.)-/+1#&%'&)<1#)&"$)7%#-13*)0-<$]"-*&1#.)

*&%9$*)1<)*"%#P*)%'()#%.*)T6%/+#$(1')%'()63n)UVV`:)N%0%(13),$)+-3)UVV^:)Q'-+),$)+-3)UV`V:)

4$3#*),$)+-3 2023a, 2023b). However, it is unclear how small-scale fisheries have affected 

these species, what their current status is, and how high the current fishing pressure is. 

We used a novel three-pronged approach combining (i) fisher local ecological knowledge 

(LEK), (ii) satellite-based small-scale fishing vessel counts, and (iii) a short-term landing 

*-&$)*3#7$.)&1)($&$#/-'$)&"$)"-*&1#-,%0)%'(),3##$'&)+1+30%&-1')*&%&3*)1<)*"%#P*)%'()#%.*)

within the Bijagós Archipelago. Specifically, we (1) determined the historical population 

trends of shark and ray species based on fisher LEK, (2) evaluated changes in fishing 

effort when considering the number of fishing vessels, fishing trip duration and gear 

used, and (3) estimated the daily catches of sharks and rays under different levels of 

*/%00]*,%0$)7$**$0)%,&-7-&.)*,$'%#-1*D)F$)*"15)&"%&)&"-*),1/K-'%&-1')1<)/$&"1(*)$'%K0$*)

the reconstruction of historical and current fishing pressure on vulnerable taxa, yielding 

-'*-9"&)-'&1)3#9$'&0.)'$$($()/%'%9$/$'&)-'&$#7$'&-1'*D

G24".)&
9*1)3'"#&"
The Bijagós Archipelago (11°15’N, 16°05’W) is located off the coast of Guinea-Bissau 

TF$*&) M<#-,%X) %'() ,1'*-*&*) 1<) \\) -*0%'(*) %'() -*0$&*:) 1<) 5"-,") %++#1i-/%&$0.) UV) %#$)

+$#/%'$'&0.) -'"%K-&$() TO-93#$) WD`XD) !"$) %#,"-+$0%91) -*) *-&3%&$() -') &"$) $*&3%#.) 1<) &"$)

2$K%)C-7$#)%'(),1/+#-*$*)%),1/+0$i)*.*&$/)1<)-*0%'(*)<#-'9$()K.)/%'9#17$)<1#$*&*)%'()

extensive intertidal flats connected through a system of small tidal creeks and channels. 

!"$)%#,"-+$0%91)-*)-'&$#'%&-1'%00.)#$,19'-R$()%*)%)5$&0%'()1<)-'&$#'%&-1'%0)-/+1#&%',$)
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TC%/*%#) *-&$m) UV`WX) %'() %*) %)>@8=6A)G-1*+"$#$) C$*$#7$) T`ZZ^XD)F-&"-') &"$) G-H%9I*:)

*"%#P*)%'()#%.*)+0%.)%')-/+1#&%'&)#10$)-')&"$)*1,-1],30&3#%0)&#%(-&-1'*)%'()K$0-$<*)1<)&"$)

%#,"-+$0%91J*)-'(-9$'13*),1//3'-&-$*)T6#1**)UV`WX)%'()-')&"$)<3',&-1'-'9)1<)&"-*)0%#9$)

-'&$#&-(%0)$,1*.*&$/)T4$3#*),$)+-3)UVU_XD)="%#P*)%'()#%.*)%#$)1,,%*-1'%00.) &%#9$&$()<1#)

offerings in traditional ceremonies (Cross 2014). However, over the past decades, the 

international demand for shark and ray products has increased targeted fisheries and 

#$&$'&-1')1<)-',-($'&%0),%&,")%,#1**)&"$)$'&-#$)F$*&)M<#-,%')#$9-1')T6%/+#$(1')%'()63n)

2001, Diop and Dossa 2011). Within the archipelago, since 1985, small-scale fisheries 

"%7$)($7$01+$()<#1/)%)*$%*1'%0)&1)%).$%#]#13'()1+$#%&-1')&"%&)1<&$')&%#9$&*)*"%#P*)%'()

#%.*)T6%/+#$(1')%'()63n)UVV`XD)O-*"$#*)/1*&0.)3*$)"3/%']+15$#$()(39]13&),%'1$*)1#)

0%#9$#)511($')+-#193$*)TM++$'(-i)WD`X)+15$#$()5-&")1'$)1#)/30&-+0$)13&K1%#()$'9-'$*)

1#) 3*$) K$%,") *$-'$) '$&*) ($+01.$() 1') <11&D) c-*&1#-,%0) %'() ,3##$'&) ,%&,") (%&%) 1') &"$)

(artisanal) small-scale fisheries operating within the archipelago waters are nonexistent. 

Figure 4.1 !"$)G-H%9I*)M#,"-+$0%91)T``z`bJ@:)`^zVbJFX)-')23-'$%]G-**%3),1'*-*&*)1<)\\)-*0%'(*)
%'()-*0$&*:)1<)5"-,")%++#1i-/%&$0.)UV)%#$)-'"%K-&$().$%#]#13'(D)

Elicitation of fishers’ ecological knowledge
!51) 01,%0) #$*$%#,"$#*)5$#$) &#%-'$() &1) ,1'(3,&) -']($+&") *&#3,&3#$() -'&$#7-$5*)5-&")

fishers that operate within the Archipelago. Interviews were conducted in Portuguese 
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Creole from February to June 2021 at the largest small-scale fish market in the country: 

the Alto Bandim fish market in Bissau (11°50’29” N, 15°35’19” W). To identify participants, 

*'15K%00)*%/+0-'9)5%*)3*$()5"$#$K.)#$*+1'($'&*)5$#$)%*P$()&1)#$,1//$'()1&"$#)

fishers to be included in the study (Goodman 1961), but by considering spread sampling 

efforts across the entire age range of the fishing community. The central objective of 

these interviews was to capture perceptions of changes in species abundance, fishing 

effort, gear use and species utilization over the past decades. Fishers were primarily 

asked about (1) their demographics, (2) fishing gear use, (3) fishing areas, and (4) species-

specific captures. Open-ended discussions focused on the current management of 

fisheries and any other information fishers wanted to share (Appendix 4.2). To increase 

the accuracy of data collected from fishers, we recorded change by asking about the 

moments a fisher could recall best: when the fisher started fishing and the most recent 

year of fishing (or if a fisher was not active anymore, about the last year of fishing which 

5%*)*3K*$n3$'&0.) #$,1#($(X) T$D9D:)!$*<%/-,"%$0),$)+-3)UV`WXD)M0&"139")&"-*)%++#1%,")

leads to fewer data points per fisher, data points collected are likely the ones a fisher 

,%')#$,%00)&"$)/1*&)%,,3#%&$0.)TM++$'(-i)WD_XD)!"-*)%++#1%,")5%*)3*$()-')%00)n3$*&-1'*)

-'&$'($()&1),%+&3#$),"%'9$)T$D9D:),"%'9$*)-'),%&,"$*)%'()9$%#)3*$XD)F$),1/K-'$()&"-*)

approach by interviewing fishers of all ages in the fishing communities, which enabled 

3*)&1)#$,1'*&#3,&)"-*&1#-,%0)&#$'()0-'$*)TM++$'(-i)WDUXD)Y"1&19#%+"-,)*+$,-$*),%#(*)5$#$)

3*$()&"#139"13&)&"$)-'&$#7-$5)&1)$*&%K0-*")%)/3&3%0)3'($#*&%'(-'9)1<)*+$,-$*)-($'&-&.D)

As species in Creole are grouped, and fishers were unable to differentiate between 

*+$,-$*:)*+$,-$*)5$#$)9#13+$()-')&"$)<10015-'9)<3',&-1'%0)*+$,-$*)9#13+*S)K$'&"-,)#%.*)

T-D$D:)*&-'9#%.*)F'5+#12)*++D6)>+2'+$%2)*++D6)!"#$%$&'("#)*++D and butterfly rays A'*#1&+)

*++DX:)K$'&"1+$0%9-,)#%.*) T-D$D:)(3,PK-00)$%90$)#%.)J,$"*'-+,12)L"B%#12)%'()43*-&%'-%')

,15'1*$) #%.)C0%#"5$,&+)*+&(%#+$+), guitarfishes (i.e., common guitarfish C0%#"L+$"2)

&0%#"L+$"2 and blackchin guitarfish A-+1/"2$,(12) /,*%/1-12X:) #$n3-$/) *"%#P*) T-D$D:)

.+&/0+&0%#12)*++D)%'()/-0P)*"%#P)C0%="5&%"#"7"#)+/1$12X)%'()"%//$#"$%()*"%#P*)T-D$D:)

<50'&#+ spp.) (Appendix 4.4). For each group, specific information such as individuals 

caught per fishing expedition, average length of captured individuals, processing, and 

&#%($)5$#$) #$,1#($(D) O-*"$#*) 5$#$) %*P$() &1) -'(-,%&$) &"$) &1&%0) 0$'9&"*) 1<) ,%+&3#$()

-'(-7-(3%0*)1')%)/$&#-,) *,%0$) <1#) ,1/+%#-*1'D) ;'&$#7-$5)(3#%&-1') #%'9$()K$&5$$')`)

and 2.5 hours since fishers were encouraged to expand on their experience.

/*;$-,',*"*&@&%*
G$<1#$) $%,") -'&$#7-$5:) -'<1#/$() ,1'*$'&) 5%*) 1K&%-'$() <#1/) $%,") +%#&-,-+%'&) K.)

$i+0%-'-'9)&"$)+3#+1*$)1<)&"$)-'&$#7-$5)%'()&"$)*&3(.J*)1KH$,&-7$*D)F$),1//3'-,%&$()

that the interviewee could terminate the interview at any given time or not answer specific 
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n3$*&-1'*D)A',$)&"$)-'&$#7-$5$$)"%()%),0$%#)3'($#*&%'(-'9)1<)&"$)-'&$'&-1'*)1<)&"$)*&3(.:)

&"$)#$*$%#,"$#)%*P$()+$#/-**-1')&1)/%P$)%')%3(-1)#$,1#(-'9)1<)&"$)-'&$#7-$5)*10$0.)<1#)

&#%'*0%&-1') %'() '1&$]&%P-'9) +3#+1*$*D) !1) 93%#%'&$$) &"$) -'&$#7-$5$$J*) %'1'./-&.:) '1)

'%/$*)1#),1'&%,&)-'<1#/%&-1')5%*)5#-&&$')(15')1#)#$,1#($(:)%'()'1)-'<1#/%&-1')5%*)

stored that could lead to identifying participants. All files and information collected during 

the interview were treated as confidential. All research was conducted in accordance with 

#$930%&-1'*)1<)&"$)'%&-1'%0);'*&-&3&1)(%)G-1(-7$#*-(%($)$)(%*)É#$%*)Y#1&$9-(%*)%'()&"$)

national Instituto Nacional de Investigação das Pescas e Oceanografia of Guinea-Bissau 

T+$#/-&)ÑV^j`Vj;GMYjUVU`XD)M00)(%&%)5%*),100$,&$()%'()*&1#$()*$,3#$0.:),1'<1#/-'9)&1)&"$)

#$930%&-1'*)%'()93-($0-'$*)1<)&"$)>'-7$#*-&.)1<)2#1'-'9$'D

6"%)$%5',$*&',1#0&3,
O#1/)O$K#3%#.)&1)@17$/K$#)UVU`:)%)0%'(-'9)*-&$)*3#7$.)5%*)-'-&-%&$()-'),100%K1#%&-1')

with INIPO. An enumerator with experience in fisheries research was trained to 

document shark and ray landings at the Alto Bandim fish market. By interviewing 

fishers at the point of landing at peak landing times in the morning (6-9 AM, three 

&-/$*)%)5$$PX)%'()(1,3/$'&-'9)*+$,-$*:)&"$)$'3/$#%&1#)5%*)%K0$)&1),100$,&)(%&%)1')

the fishing area (i.e., location name, distance from shore, depth), gear specifications 

T-D$D:) 9$%#) &.+$:) 0$'9&":) /$*"j"11P) *-R$:) /%&$#-%0X:) %'() ($&%-0*) 1') &"$) ,%&,") T-D$D:)

*+$,-$*:)'3/K$#)1<)-'(-7-(3%0*:)0$'9&"*:)*$iXD)

Small-scale fishing vessels abundance
!1)($&$#/-'$)&"$)'3/K$#)1<)*/%00]*,%0$)7$**$0*)1+$#%&-'9)5-&"-')&"$)K13'(%#-$*)1<)

&"$)%#,"-+$0%91)%'()"15)&"-*)"%*),"%'9$()17$#)&"$)+%*&)($,%($*:)5$)3*$()*%&$00-&$)

imagery of the Alto Bandim small-scale fishing port. We used the historical satellite 

-/%9$#.)1+&-1')-')21190$)8%#&")Y#1)T7D[D_XD)!"$)#$*103&-1')1<)&"-*)-/%9$#.)K$&5$$')

a%'3%#.)UVV[)%'()?$,$/K$#)UVU_)5%*)%++#1+#-%&$) T~VDb/j+-i$0m) -/%9$#.)*13#,$*S)

Airbus and Maxar Technology) to count individual small-scale fishing vessels (~8-20 

/$&$#*)-')0$'9&":)*$$)M++$'(-i)WD`XD)F$)$i+1#&$()$%,")*%&$00-&$)-/%9$)T')r)ZbX)%'()

3*$();/%9$a)T7D)`Db_PX)&1),#1+)$%,")-/%9$)&1)%)*&%'(%#(-R$()K13'(-'9)K1i)%#13'()

the port. We then annotated each fishing vessel within this bounding box as a proxy 

for the number of fishing vessels actively fishing in the Bijagós. Images were available 

<1#)/30&-+0$)/1'&"*)<1#)/1*&).$%#*)TM++$'(-i)WDbXD)!"-*)%++#1%,")1'0.)-',03($()%')

estimation of small-scale fishing vessels from Guinea-Bissau, not including any vessels 

<#1/)'$-9"K1#-'9),13'&#-$*)T$D9D:)=$'$9%0)%'()23-'$%X)%0*1)P'15')&1)1+$#%&$)-')&"$)

5%&$#*)1<) &"$)%#,"-+$0%91:)K3&)&"%&) 0%'()&"$-#),%&,"$*) -')&"$-#)#$*+$,&-7$),13'&#-$*)

%'()5130()&"$#$<1#$)'1&)"%7$)%++$%#$()-')&"$)-/%9$#.D
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?%&%)%'%0.*$*)5$#$),1'(3,&$()3*-'9)C) T7DWD_DVXD)F$)%'%0.R$(),"%'9$*)&"#139")&-/$)
K%*$()1')-'&$#7-$5)(%&%)3*-'9)/-i-'9)/1($0*)&1)%,,13'&)<1#)&"$)7%#-%&-1')-')#$*+1'*$*)
between fishers. We used generalized linear mixed models with a Poisson distribution 
&1)%'%0.R$),"%'9$*)-')9$%#)&.+$)3*$)T$D9D:)'3/K$#)1<)*$&*:)9$%#)0$'9&":)%'()*1%P)&-/$XD)
Beach seine nets were included as small multifilament nets based on their material, 
but mostly as small multifilament nets. We used a negative binomial distribution when 
17$#(-*+$#*-1')5%*)($&$#/-'$()-')&"$)Y1-**1')/1($0*D)F$)3*$()&"$)*%/$)%++#1%,")
to analyze changes in the number of fishing vessels observed by fishers at their fishing 
sites and in the duration of their fishing trips. For all these models, we used ‘year’ as 
a fixed effect and the unique (anonymous) identifier for each fisher (i.e., ‘fisher ID’) as 
a random effect. The number of vessels in the primary small-scale fishing port was 
%'%0.R$()K.)/1($0-'9)&"$)ZVq)n3%'&-0$D)F$)%++0-$()%)n3%'&-0$)#$9#$**-1')/1($0)5-&")
year as a fixed effect to determine the maximum number of fishing vessels active 
each year. To determine changes in the abundance of species groups based on fisher 
$i+$#-$',$:) 5$) 3*$() 9$'$#%0-R$() %((-&-7$) /-i$() /1($0*) 5-&") %) '$9%&-7$) K-'1/-%0)
(-*&#-K3&-1')&1)%,,13'&)<1#)17$#(-*+$#*-1'D);')&"$*$)/1($0*:)5$)3*$()&"$)'3/K$#)1<)
individuals of a species group captured per fishing trip as a response variable, year as 
a fixed variable and fisher ID as a random effect. If fishers provided a range (e.g., two 
&1)<13#)-'(-7-(3%0*),%+&3#$(X)(3#-'9)&"$)-'&$#7-$5*:)5$)3*$()&"$)/-(+1-'&)<1#)<3#&"$#)
data analysis. We used the prediction of fishing trip duration as offset to transform 
the number of individuals captured per fishing trip to the number of individuals 
,%+&3#$()+$#)(%.)+$#)7$**$0D)=+$,-$*),1/+1*-&-1')5%*)($&$#/-'$()<1#)$%,")($,%($)
K$&5$$')`Z^V)%'()UVUV)%'(),1/+%#$()3*-'9)%)+$#/3&%&-1'%0)%'%0.*-*)1<)7%#-%',$)T-D$D:)
E+$#/%'17%JXD)G$<1#$)%++0.-'9)*+$,-$*)9#13+)/1($0*)%'()*+$,-$*),1/+1*-&-1')%'%0.*-*:)
we removed the top 5% of the data to minimize the influence of outliers caused by 
overestimation by interviewees. As data points of a fisher are linked (i.e., one data 
point when the fisher started fishing and when one stopped or in 2020), both data 
+1-'&*)5$#$)#$/17$()5"$')1'$)T1#)K1&"X)5$#$)5-&"-')&"$)&1+)bq)1<)&"$)(%&%D)F$)3*$()
9$'$#%0-R$()0-'$%#)/-i$()/1($0*)5-&")%)9%//%)(-*&#-K3&-1')&1)%'%0.R$),"%'9$*)-')&"$)
total length of species groups, with year as a fixed variable and fisher ID as a random 
effect. We removed values below the reported smallest size-at-birth and above the 
/%i-/3/)*-R$)<1#)*+$,-$*)-')$%,")*+$,-$*)9#13+)&1),1##$,&)<1#)3'($#j17$#$*&-/%&-1'D)
F$) $i&#%+10%&$() &"$) '3/K$#) 1<) -'(-7-(3%0*) ,%+&3#$() +$#) (%.) K.) 1'$) 7$**$0) &1) &"$)
'3/K$#)1<)-'(-7-(3%0*),%+&3#$()(%-0.)&"#139"13&)&"$)%#,"-+$0%91)K.)&"$)$'&-#$)%,&-7$)
small-scale fishing fleet. To account for the uncertainty in the species group models 
and predictions of vessel numbers in the Alto Bandim fish market, we simulated these 
models for 1,000 Monte Carlo iterations. To determine the influence of fleet activity 
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(i.e., the percentage of vessels counted on satellite imagery that are actively fishing that 
(%.X:)5$)#$+$%&$()&"$*$)*-/30%&-1'*)<1#)$%,")`Vq)-',#$/$'&)K$&5$$')`Vq)%'()UVVq)
fleet activity. We then multiplied each species group’s predicted catch-per-unit-effort 
T-D$D:)-'(-7-(3%0*)+$#)(%.X)<1#)$%,")*+$,-$*)9#13+)5-&")&"$)'3/K$#)1<)7$**$0*)<1#)$%,")
-&$#%&-1'D)F$)3*$()`V:VVV)K11&*&#%+)-&$#%&-1'*)&1)$*&-/%&$)&"$)%,&-7-&.)1<)-'&$#7-$5$()
fishers by calculating the proportion of weekdays spent fishing in 2020. We then used 
&"-*)$*&-/%&$)&1)($*,#-K$)(%-0.),%&,"$*)1<)*"%#P*)%'()#%.*)5-&"-')&"$)%#,"-+$0%91)1<)&"$)
maximum estimated number of fishing vessels at the landing site.

*2&/14&
A total of 75 interviews were conducted with fishers operating throughout the Bijagós 
Archipelago (Figure 4.2, Appendix 4.6). The fishing experience of fishers ranged from 
^)&1)b^).$%#*)TUZD_)})`UDW).$%#*m)/$%')})*D(DX:),1##$*+1'(-'9)&1)%)#$&#1*+$,&-7$)+$#-1()
<#1/)`Z^W)&1)UVUV)TO-93#$)WDUMGXD)M*)+%#&)1<)&"$)0%'(-'9)*-&$)*3#7$.:)`UU)7$**$0*)%,&-7$)
&"#139"13&)&"$)%#,"-+$0%91)5$#$)*%/+0$()TO-93#$)WDU6?XD)N$**$0*)1+$#%&-'9)5-&"-')&"$)
%#,"-+$0%91)5$#$)/1'-&1#$()<#1/)O$K#3%#.)&1)@17$/K$#)UVU`D)c15$7$#:)&"$)/%H1#-&.)
1<)7$**$0*)5$#$)*%/+0$()-')L%#,")T')r)U`:)`[DUqX:)a3'$)T')r)`[:)`_DZqX)%'()a30.)T')r)
`\:)`WD\qm)O-93#$)WDU6XD)=+%&-%00.:)&"$),1/K-'%&-1')1<)-'&$#7-$5*)%'()/1'-&1#-'9)1<)&"$)
landing site covered fishers and vessels of the archipelago’s main islands (Figure 4.2D).

Figure 4.2 Overview of demographics of fishers captured by two different methods in this study: 
(A) respondent fishing experience in years, (B) the year a fisher started fishing, (C) the number 
1<)7$**$0*)*%/+0$()$%,")/1'&")(3#-'9)0%'(-'9)*-&$)*3#7$.*:)%'()T?X)&"$)*+%&-%0),17$#%9$)1<)&"$)
interviews (i.e., the place of residence of fishers; red) and the landing site survey (i.e., base of 
every fishing vessel; green) indicated by the place of residence of each fisher or fishing vessel.
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Based on the interviews with fishers, we determined that the catch-per-unit-effort 

(in individuals per day) significantly decreased for all ray and shark species groups 

TO-93#$)WD_XD)?$,#$%*$*)17$#) &"$)$'&-#$)*&3(.)+$#-1() #%'9$() <#1/)\`Db) T6;ZbqS)[[D\]

\UD^qX) &1)Z^D[q)T6;ZbqS)Z`DW]Z[D^qX:)5"$#$%*)($,#$%*$*)17$#) &"$)+%*&) &51)($,%($*)

TUVVV]UVUVX)#%'9$()<#1/)W_DV)T6;ZbqS)WUDW]WWDWqX)&1)[`D\q)T6;ZbqS)̂ ZD^][UD\qXD)M0&"139")

significant declines were noted in catch-per-unit-effort (CPUE; p ") VDV`:) M++$'(-i)

WD[X:) &"$) /1*&) <#$n3$'&0.) ,%+&3#$() $0%*/1K#%',") 9#13+) &"#139"13&) &"$) *&3(.)

+$#-1()#$/%-'*)&"$)K$'&"-,)#%.*)5-&")%')$*&-/%&$()[D\\)})`D_`)-'(-7-(3%0*),%+&3#$()

+$#)(%.)-')UVUV)T+)")VDV`:)M++$'(-i)WD[XD)A7$#%00:)&"$)*&$$+$*&)($,0-'$*)TZ^D[q:)6;ZbqS)

Z`DW]Z[D^qm)+)" 0.001) between 1960 and 2020 were noted for guitarfish, with on 

%7$#%9$)UVDWW)})[DWb)-'(-7-(3%0*),%+&3#$()+$#)7$**$0)+$#)(%.)-')`Z^V)%'()VD^^)})VDV\)

-'(-7-(3%0*),%+&3#$()+$#)7$**$0)+$#)(%.)-')UVUVD)A&"$#)9#13+*)$i+$#-$',-'9)*-/-0%#)

#%&$*)1<)($,0-'$*)17$#)&"$)*%/$)+$#-1()5$#$)&"$)#$n3-$/)TZ_DVq:)6;ZbqS)[UDV]ZbDVqm)

+)")VDVV`X)%'()"%//$#"$%()*"%#P*) T\ZD\q:)6;ZbqS)[`D\]ZUD_qm)+)")VDVV`XD) ;') &$#/*)

of individuals captured per day, in 2000, fishers caught an estimated 4.12 ± 0.74 

%'()`D_b)})VDUW)-'(-7-(3%0*)1<)#$n3-$/)%'()"%//$#"$%()*"%#P*)+$#)(%.:)5"$#$%*)

-')UVUV)&"-*)5%*)`D`^)})VD`\)%'()VDW_)})VDV[:)#$*+$,&-7$0.D)!"-*)#$+#$*$'&*)%)($,0-'$)

1<)[`D\q)T6;ZbqS)^ZD^][UD\qX)%'()^[D\q)T6;ZbqS)^^D\]^\D_qX)17$#)&"$)0%*&)&51)($,%($*)

<1#) #$n3-$/) %'() "%//$#"$%() *"%#P*:) #$*+$,&-7$0.D) !"$) %7$#%9$) *-R$) 1<) ,%+&3#$()

individuals of benthopelagic rays, guitarfishes, requiem sharks, and hammerhead 

sharks decreased significantly (Appendix 4.8). The average guitarfish captured 

in 1962 was 134.1 ± 10.1 cm in total length (TL) and 86.7 ± 3.9 cm TL in 2020 (β = 

]VDV`)})VDV_:)R)r) ]WDZ:)+)")VDVV`XD)O1#) #$n3-$/)*"%#P*:) &"-*)5%*)`W\D\)})`WDU),/)!4)

in 1960 and 72.1 ± 4.4 cm TL in 2020 (β = -0.22 ± 0.03, z = -6.7, p ")VDVV`X:)%'()<1#)

hammerhead sharks 179.0 ± 18.5 cm TL and 90.6 ± 6.2 cm TL (β = 0.21 ± 0.04, z = -5.9, 

+)")VDVV`XD Species composition of catches did not differ significantly across decades 

T(D<D)r)b:)O)r)`DV:)+)r)VD_X:)5-&")#%.*)/%P-'9)3+)\bDW)})`D[q)1<)&"$),%&,"$*)17$#)&"$)

*&3(.)+$#-1()%'()*"%#P*)`WD^)})`D[q)TM++$'(-i)WDZXD)G%*$()1')&"$)0%'(-'9)*-&$)*3#7$.)

1'0.)$',1/+%**-'9)K1%&*) &"%&),%+&3#$()$0%*/1K#%',"*:) &"$)"-9"$*&)+#1+1#&-1')1<)

elasmobranch catches were the blackchin guitarfish (22.6%, A-+1/"2$,(12)/,*%/1-12X:)

/-0P)*"%#P)TU[D_q:)C0%="5&%"#"7"#)+/1$12X:)%'()*,%001+$()"%//$#"$%()*"%#P)T[D[q:)

<50'&#+)-,Z%#%XD
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Gear use and fi shing eff ort
In terms of gear use, large multifi lament (!40mm mesh), small multifi lament (≤WV//)
/$*"X)%'()01'90-'$*)5$#$)&"$)/1*&),1//1')9$%#)&.+$*)K%*$()1')-'&$#7-$5*D);'),1'&#%*&:)
small monofi lament nets (≤WV//)/$*"X)%#$)&"$)*$,1'(]/1*&),1//1')9$%#)&.+$)K%*$()
1')0%'(-'9)*-&$)*3#7$.*)TO-93#$)WDWMXD)G%*$()1')&"$)0%'(-'9)*-&$)*3#7$.*:)-')&$#/*)1<)17$#%00)
fi shing eff ort, large multifi lament, small monofi lament, and longlines were the most 

Figure 4.3 !"$) '3/K$#) 1<) -'(-7-(3%0*) 1<)
#%.)T9#$$'X)%'()*"%#P)TK03$X)*+$,-$*)9#13+*)
captured by a single fi shing vessel. Changes 
in catch-per-unit-eff ort (CPUE; individuals/
(%.X) %#$) -'(-,%&$() -') +$#,$'&%9$*) <1#) $%,")
*+$,-$*) 9#13+) <1#) &"$) $'&-#$) *&3(.) +$#-1()
T`Z^V]UVUVX) %'() &"$) +%*&) &51) ($,%($*)
TUVVV]UVUVXD
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+#$7%0$'&)9$%#)&.+$*D)!%#9$&),%&,"$*)+#$(1/-'%'&0.),1'*-*&$()1<)&$0$1*&)*+$,-$*)9#13+*D)
However, 29.7% and 26.3% of fi shers used large multifi lament and small monofi lament 
'$&*)&1)&%#9$&)$0%*/1K#%',"*:)#$*+$,&-7$0.)TO-93#$)WDWGXD)O-*"$#*)/1*&0.)3*$()($/$#*%0)
small monofi lament nets to target benthic rays. The realized catch (i.e., fi shers stating 
,%&,"$*) 1<) ,$#&%-') *+$,-$*) 9#13+*) 5-&") %) 9$%#) &.+$X) *"15*) &"%&) $0%*/1K#%',"*) %#$)
captured using all gear types, but mostly with longlines (66.7%), small monofi lament 
(53.6%), large multifi lament (57.1%) and small multifi lament nets (45.1%; Figure 4.4C). 
The mean soak time of large multifi lament nets signifi cantly increased by 26.8%, from 
bD^)T6;ZbqS)WD`][D_X)"13#*)-')`Z^V)&1)[D`)T6;Zbq: 5.5-9.1) hours per deployment in 2020 (β 
= 0.07 ± 0.03, z = 2.43, p = 0.02). However, no signifi cant changes in the number of sets, 
9$%#)0$'9&":)%'()*1%P)&-/$*)5$#$)#$+1#&$()<1#)/1*&)9$%#)&.+$*)TM++$'(-i)WD`VXD

Figure 4.4 The use of diff erent fi shing gear in the Bijagós Archipelago small-scale fi shery. (A) The 
prevalence of diff erent gear types as a proportion of interviewed fi shers that use this gear, the 
occurrence of gear on vessels sampled during the landing site survey, and the eff ort (hours soak time) 
gear was used during fi shing trips. (B) Fishers were asked which species were targeted for each gear 
&.+$)TE&%#9$&),%&,"JX)%'()T6X)5"-,")*+$,-$*)5$#$),%+&3#$()TE#$%0-R$(),%&,"JXD)2$%#)&.+$)*-R$*)%#$)tWV//)
mesh for large multifi lament nets and ≤40mm for small multifi lament and monofi lament nets.

Fishers indicated that the number of vessels observed at their fi shing locations 
increased from 4.0 ± 0.4 vessels in 1960 to 11.5 ± 0.6 in 2020 (β = 0.31 ± 0.03, z = 11.07, 
+)")VDVV`m)O-93#$)WDbMX:)#$+#$*$'&-'9)%')-',#$%*$)K.)̀ \[DbqD);')%((-&-1':)5$)($&$#/-'$()
that the total number of small-scale fi shing vessels operating within the archipelago 
-',#$%*$()K.)`UDV)})`D`q)T/$%')})*D$DX)1')%')%''3%0)K%*-*)%'()K.)%)&1&%0)1<)WW_D[q)
between 2007 (46.4 ± 5.9) and 2022 (252.5 ± 14.8; β = 0.11 ± 0.01, t = 9.93, p ")VDVV`X)
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(Figure 4.5B). Furthermore, fi shers indicated that the duration of their fi shing trips 
increased from 1.8 (1.5-2.1) days in 1960 to 5.6 (5.2-6.0) days in 2020 (β = 0.35 ± 0.03, z = 
`VD_\:)+)" 0.001; Figure 4.5C). Based on the landing site survey, fi shing vessels catching 
*"%#P*)%'()#%.*)5$#$)%&)*$%)<1#)[DW)})VDb days in 2021 per fi shing trip (Figure 4.5C).

Predicting daily fl eet-wide catches
We used the models predicting historical catches of species groups based on fi shers’ 
01,%0) $,1019-,%0) P'150$(9$) %'() &"$) #$,1'*&#3,&-1') 1<) &"$) -',#$%*$) -') */%00]*,%0$)
fi shing vessels to predict the current number of individuals of each species group 
,%+&3#$()1')%) *-'90$)(%.) -') &"$) 0%*&) *&3(.).$%#:)UVUV) TO-93#$)WD^XD)F$)($&$#/-'$()
the number of fi shing vessels actively fi shing on a single day within the archipelago 
under diff erent activity levels (Figure 4.6A) and determined, based on interviews with 
fi shers, that this activity level was approximately 80% (mean: 80.6%, CIZbqS)[^Db]\WD\qX)
-')UVUV)TO-93#$)WD^GXD)>'($#)&"-*)*,$'%#-1:)5$)$*&-/%&$)&"%&)%++#1i-/%&$0.)̀ Z`Db)})̀ Db)
(mean ± s.e.; interquartile range, IQR: 159.4 - 214.5) fi shing vessels were fi shing on 
%) *-'90$)(%.) -') UVUV) TO-93#$)WD^MXD) !19$&"$#:) &"$*$) 7$**$0*) ,%+&3#$()%')$*&-/%&$()
`:bZbD^)})_UD^)T;ÇCS)\^[D_)])U:`VZUX)K$'&"-,)#%.*:)\`bDb)})`\DV)T;ÇCS)W_\D_)])`:V_^D\)
benthopelagic rays, 141.2 ± 4.3 (IQR: 50.4 - 194.1) guitarfi shes, 241.9 ± 6.6 (IQR: 103.5 
])_`ZD[X)#$n3-$/)*"%#P*:)%'()Z[Db)})_DU)T;ÇCS)UWD[]`W`DWX)"%//$#"$%()*"%#P*)1')%)
*-'90$)(%.)5-&"-')&"$)%#,"-+$0%91)-')UVUV)TO-93#$)WD^GXD)F$)<3#&"$#)*"15)"15)015$#)
and higher fl eet activity levels infl uence the daily catches of these species groups. 
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Figure 4.5 The fi shing eff ort of small-scale fi shing vessels within the archipelago has increased over 
&"$)+%*&)($,%($*D)TMX)O-*"$#*)5$#$)%*P$()&1)$*&-/%&$)"15)/%'.)7$**$0*)&"$.)5130()1K*$#7$)-')&"$-#)
fi shing area. (B) Satellite imagery provided an overview of the increase of small-scale fi shing vessels 
%'() &"$)$i+%'*-1')1<) &"$)+#-/%#.)+1#&)1<)M0&1)G%'(-/) -')G-**%3) <#1/)UVV[) &1)UVUUD)!"$),3#7$)
represents 90% quantile regression with a 95% confi dence interval. (C) Based on interviews, the 
mean duration of a fi shing trip signifi cantly increased over time. The trip duration of fi shing vessels 
sampled in the 2021 landing site survey is given with a 95% confi dence interval (black point). The 
number of gear sets, length, and soak times did not signifi cantly increase over time (Appendix 4.10). 
=%&$00-&$)-/%9$#.)&%P$')<#1/)21190$)8%#&")Y#1)T(15'01%($()1')=$+&$/K$#)U'(:)UVU_XD



\U

6"%+&$#)W

10

50

125

250

450

700
Ve

ss
el

s 
(n

)

100

500

1000

2000

3000

4000

5000

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Fleet Active (%)

C
PU

E 
(in

d/
da

y)

0.75 0.80 0.85
Activity (%)

D
en

si
ty

CurrentCurrentCurrentCurrentCurrent Larger fleetSmaller fleetA

C

B

Figure 4.6 (A) The estimated number of small-scale fi shing vessels in the Alto Bandim port on 
a day in 2020 under diff erent fl eet activity levels. (B) Based on fi sher interviews, bootstrapped 
estimates of fl eet activity in 2020 were between 75% and 85%. Green colors (in A) indicate a lower 
fl eet activity (<80%), and red colors indicate a higher fl eet activity (>80%). (C) We then simulated 
daily catches for the entire small-scale fi shing fl eet for a day in 2020 for each 10%-increment 
in fl eet activity. Lines indicate the mean 1,000 Monte Carlo simulations, dark-shaded areas 
#$+#$*$'&)&51)&-/$*)&"$)*&%'(%#()$##1#)1<)&"$)/$%':)%'()0-9"&]*"%($()%#$%*)-'(-,%&$)&"$)bVq)
-'&$#n3%#&-0$)#%'9$D)="%#P)*+$,-$*)%#$)-'(-,%&$()-')K03$:)%'()#%.)*+$,-$*)-')9#$$'D)!"$)9#%.)K%#)
indicates the current situation (i.e., fl eet activity 75-85%, B). Note that y-axes have a square-root 
&#%'*<1#/%&-1')<1#)7-*3%0-R%&-1')+3#+1*$*D

E,&9/&&,.(
F$)*"15)&"%&)%)'17$0),1/K-'%&-1')1<)#$%(-0.)%7%-0%K0$)%++#1%,"$*),%')K$)*3,,$**<300.)

used to shed light on small-scale fi sheries and historical catches of vulnerable marine 

species such as sharks and rays. Our fi ndings indicate severe declines in catches and 

0%'(-'9*)1<)%00)*"%#P)%'()#%.)*+$,-$*)9#13+*)T\_ÅZ[q)($+$'(-'9)1')&"$)*+$,-$*)9#13+X)
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in the Bijagós Archipelago, Guinea-Bissau. At the same time, the size of the fishing 

fleet continues to increase exponentially. Although current catches and landings are 

*&-00)*3K*&%'&-%0)<#1/)%)+1+30%&-1')+$#*+$,&-7$)T(%-0.),%&,"$*)%#$)%++#1i-/%&$0.)_WV)

*"%#P*)%'()3+)&1)U:bb_)#%.*X:)&"$.)%#$)'15)1'0.)%)<#%,&-1')1<)"-*&1#-,%0),%&,"$*)($*+-&$)

no noteworthy changes in gear use over time that may have influenced changes in 

*"%#P)%'()#%.),%&,"$*D)!"-*)-*),1',$#'-'9),1'*-($#-'9)&"$)&"#$%&$'$()*&%&3*)1<)/1*&)

shark and ray species found in Guinea-Bissau and the limited fisheries management 

/$%*3#$*)-')+0%,$D

Globally, sharks and rays face increasing threats, but overfishing has led to drastic 

($,0-'$*)-')+1+30%&-1'*)1<)/1#$)&"%')%)&"-#()1<)*+$,-$*)17$#)&"$)+%*&)($,%($)T$D9D:)?307.)

,$)+-3)UVU`XD)!"$),1'*$#7%&-1')*&%&3*)1<)*"%#P*)%'()#%.*)-')&"$)F$*&)M<#-,%')#$9-1')"%*)

K$$'),"%00$'9-'9) &1)%**$**)(3$) &1) &"$) 0-/-&$()(%&%)%7%-0%K0$D)c15$7$#:) &"$)%7%-0%K0$)

species level information indicates severe declines (e.g., fisheries independent data from 

Mauritania for common guitarfish C0%#"L+$"2)&0%#"L+$"2)%'(),1//1')*/11&""13'(

K12$,-12)*12$,-12m) a%K%(1) ,$) +-3 2021a, 2021b). Our findings confirm that this is not 

0-/-&$()&1)%)<$5)*+$,-$*:)%'()+1+30%&-1'*)1<)%00)$0%*/1K#%',")*+$,-$*)%#$)0-P$0.)&1)"%7$)

severely deteriorated. The negative population trends of guitarfishes and hammerhead 

*"%#P*) %#$) $*+$,-%00.) 51##.-'9:) %*) &"$*$) *+$,-$*) 9#13+*) -',03($) *1/$) 1<) &"$) /1*&)

&"#$%&$'$()7$#&$K#%&$*)901K%00.)T?307.),$)+-3)UVU`:)Q.'$),$)+-3)UVUVXD)A&"$#),1%*&%0)%#$%*)

where small-scale fisheries are predominant have also reported declines in historical 

*"%#P)%'()#%.),%&,"$*)%'()*-R$)17$#)&"$)+%*&)($,%($*)T$D9D:)Q.%01)%'()=&$+"$')UV`_:)

c3/K$#),$)+-3)UV`[:)N-%''%),$)+-3)UVUV:)O$#'%'(1)%'()=&$5%#&)UVU`:)F%/K-H-),$)+-3)UVUUXD)

c15$7$#:)&"$)($,0-'$*)5$)#$+1#&)"$#$)%#$)%/1'9*&)&"$)/1*&)*$7$#$D)?$,0-'$*)-'),%&,"]

per-unit-effort and average size of elasmobranchs are clear signs of overfishing (Froese 

UVVW:)c199%#&"),$)+-3)UVV^X)%'()5$#$)%0#$%(.)#$+1#&$()%0/1*&)&51)($,%($*)%91)-')&"-*)

#$9-1')T?-1+)%'()?1**%)UV``XD)A3#)$*&-/%&$*)*"15)&"%&)"-9"),%&,"$*)1<)*"%#P*)%'()#%.*)

continue to date while the fishing effort continues to increase to feed a growing coastal 

population. Our estimates are likely still an underestimation, as fishers report that many 

7$**$0*)<#1/)'$-9"K1#-'9),13'&#-$*)T$*+$,-%00.)<#1/)=$'$9%0)%'()23-'$%X)&%#9$&)*"%#P*)

%'() #%.*)5-&"-') &"$)%#,"-+$0%91) T6%/+#$(1')%'()63n)UVV`:)?-1+)%'()?1**%)UV``XD)

M*)&"$*$)7$**$0*)0%'(),%&,"$*)-')&"$-#)#$*+$,&-7$),13'&#-$*:)&"$*$)%#$)3'%,,13'&$()<1#)

-')13#)*%&$00-&$]K%*$()7$**$0),13'&D)O3#&"$#:)13#)51#P)(1$*)'1&)%,,13'&)<1#) -'(3*&#-%0)

7$**$0*)1<&$')1+$#%&-'9) 0$9%00.)%'() -00$9%00.) -')&"$)5%&$#*)1<)23-'$%]G-**%3)&"%&) 0-P$0.)

"%7$) 0%#9$),%&,"$*)1<)*"%#P*)%'()#%.*) T4$3#*),$)+-3)UVU`XD)A7$#%00:) &"-*)"-9"0-9"&*)&"%&)

current fishing pressure on sharks and rays is likely much higher than we report here 

and significantly impacts these species. 
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?$,0-'$*)-')*"%#P)%'()#%.)+1+30%&-1'*),%')+1&$'&-%00.)-/+%,&)&"$)$,1019-,%0)<3',&-1'-'9)

1<),1%*&%0)%#$%*) T$D9D:)O$##$&-),$)+-3)UV`VXD)?$+$'(-'9)1')&"$)*+$,-$*)%'() 0-<$)*&%9$:)

*"%#P*)%'()#%.*),%')"%7$)%)0%#9$)7%#-$&.)1<)<11()5$K)#10$*)-')0%#9$),1%*&%0)$,1*.*&$/*)

T@%7-%),$)+-3)UV`^:)c%//$#*,"0%9),$)+-3)UV`Z:)c$-&"%3*),$)+-3)UVUUXD)F$)*"15)&"%&)&"$)

%7$#%9$)*-R$)1<)&"$)/%H1#-&.)1<)$0%*/1K#%',")*+$,-$*)9#13+*)"%*)($,0-'$()17$#)&-/$:)

5"-,"),130()K$)$i+0%-'$()K.)%)5-&"-']9#13+)*"-<&)-')*+$,-$*),1/+1*-&-1')T$D9D:)%)*"-<&)

<#1/)0%#9$#),%#,"%#"-'-()*+$,-$*)T!`)/)&1&%0)0$'9&"X)&1)9$'$#%00.)*/%00$#)/-0P)*"%#P*)

T"1 m total length), as larger individuals are threatened more by fisheries, e.g., Dulvy 

,$)+-3) UVU`X:)1#)K.) &"$)(-*%++$%#%',$)1<)%(30&) -'(-7-(3%0*)1<) &"$*$)*+$,-$*)9#13+*D)

6"%'9$*)-')&"$),1/+1*-&-1')1<)&"$)$0%*/1K#%',"),1//3'-&.:)1#)$7$')%),1/+0$&$)01**)

of species groups (e.g., guitarfish), could lead to a loss of ecological roles, impairing 

,1%*&%0)$,1*.*&$/)<3',&-1'-'9D)O-*"$#J*)$,1019-,%0)P'150$(9$)-'(-,%&$*)&"%&)*+$,-$*)

once common, such as sawfishes, have disappeared from most of the coast of West 

M<#-,%)T$D9D:)4$$'$.)%'()Y1',$0$&)UV`bXD)M((-&-1'%0)#$*$%#,")-')'$-9"K1#-'9)L%3#-&%'-%)

and Senegal also suggests that wedgefishes and some species of guitarfishes are 

'15)01,%00.)$i&-',&)TCDFD)a%K%(1)1#51L-3)7+$+XD)61//3'-&.)$0($#*)-')&"$)G-H%9I*)%0*1)

indicated they are worried that ‘kasapai’ (i.e., guitarfishes) face the same fate (G. 

4$3#*:)1#51L-3)7+$+). Species-specific information was possible to collect from LEK 

surveys because of distinct morphological features that fishers could describe (i.e., 

rostrum of sawfishes, coloration and large fins of wedgefishes; Jabado ,$)+-3)UV`bXD)

c15$7$#:)5"-0$) ($,0-'$*) %&) &"$) 9#13+) 0$7$0)5$#$) +1**-K0$) &1) $*&-/%&$:) &"$) 0%,P) 1<)

species-specific information may have masked larger declines in certain species 

that fishers could not accurately identify. Further research is needed to accurately 

($&$#/-'$),"%'9$*)-')&"$)*+$,-$*),1/+1*-&-1')1<),%&,"$*)-')&"-*)#$9-1'D

!"$) (-*%++$%#%',$) 1<) *"%#P*) %'() #%.*) <#1/) &"$*$) ,1%*&%0) %#$%*) /%.) %0*1) "%7$)

*1,-1$,1'1/-,) #$+$#,3**-1'*) <1#) ,1%*&%0) ,1//3'-&-$*D) A3#) #$*30&*) *399$*&) &"%&)

fishers go to sea more often or for longer periods but consistently catch less. 

This aspect of overfishing can have significant implications for local incomes and 

*3K*-*&$',$)T210($'),$)+-3 2016). Shark fisheries are often linked to local consumption 

of shark and ray meat, and (shark) fisheries are a crucial part of local economic 

*.*&$/*) T20%3*),$)+-3)UV`\:)G11&"),$)+-3)UV`Z:)Q%#'%(),$)+-3)UVUVXD)!"-*) -*)1<&$')&"$)

,%*$)-')#$9-1'*)5"$#$)+17$#&.)0$7$0*)%#$)"-9")%'()<11()*$,3#-&.)-*)015)T210($'),$)+-3

2016). Therefore, regulating and managing (shark) fisheries is crucial to contributing 

&1)&"$)%00$7-%&-1')1<)+17$#&.)%'()&1)*&#$'9&"$'-'9)<11()*$,3#-&.) -'),1%*&%0)#$9-1'*D)

F-&"-')&"$)G-H%9I*)%#,"-+$0%91:)*"%#P*)%'()#%.*)%0*1)"%7$)%),$'&#%0)#10$)-')*+-#-&3%0)

,$#$/1'-$*)%'()&#%(-&-1'*)T?-1+)%'()?1**%)UV``:)6#1**)UV`W:)4$$'$.)%'()Y1',$0$&)
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2015). The sawfish features on the regional currency (West African CFA Franc), villages 

have buildings and ornaments inspired by this species, and sawfish, guitarfish, and 

"%//$#"$%() *"%#P*) %#$) 1<&$') #$+#$*$'&$() -') &#%(-&-1'%0) /%*P*) %'() ,1*&3/$*)

(Cross 2014, Leeney and Poncelet 2015). The loss of the sawfish may also represent 

%) 01**) 1<) &"$) ,30&3#%0) 7%03$) 1<) &"$*$) *+$,-$*D) !"$*$) *1,-1$,1'1/-,) %'() $,1019-,%0)

considerations render small-scale (shark) fisheries management complex (Booth ,$)

+-3)UV`Z:)c%n3$),$)+-3)UVU`XD)O-'%00.:)5"-0$)&"$)01**)1<)*"%#P)%'()#%.)*+$,-$*),1'*&-&3&$*)

%')$,1019-,%0)01**)-')F$*&)M<#-,%'),1%*&%0),1//3'-&-$*:)-&),%')%0*1),1'*&-&3&$)%)01**)1<)

&#%(-&-1':)7%03$*:)%'(),30&3#$D)

We modeled how a reduction (or increase) of small-scale fishing vessel fleet size 

can affect current catches of sharks and rays within the archipelago. The small-scale 

fishing fleet has been reduced in other coastal areas to reduce catches of species 

1<) ,1',$#'D) c15$7$#:) -&) ,%') 1'0.) *3,,$$() -<) %0&$#'%&-7$) -',1/$*) %'() 0-7$0-"11(*)

are mobilized for fishing communities (Salas ,$)+-3)UVV[:)Y1/$#1.)UV`UXD)M0&"139")

marine protected areas are also an effective strategy to conserve some shark and 

#%.) *+$,-$*:) <1#) 0%#9$#) %'() /1K-0$) $0%*/1K#%',") *+$,-$*:) *1/$) +#1&$,&$() %#$%*)

may not be as beneficial (White ,$) +-3) UV`[:)L%,P$#%,"$#),$) +-3) UV`ZXD)A3#) #$*30&*)

show that fishing pressure throughout the archipelago remains high, including 

5-&"-')&"$)+#1&$,&$()%#$%*)1<)A#%'91)%'()&"$),1//3'-&.]/%'%9$()'%&-1'%0)+%#P)1<)

Urok. Improving enforcement of existing regulations and limiting fishing capacity by 

reducing fleet sizes and overall fishing pressure within these areas will likely benefit 

*"%#P)%'() #%.)+1+30%&-1'*D)!"-*) -*)+%#&-,30%#0.) -/+1#&%'&) *-',$) &"$*$) 0%#9$) ,1%*&%0)

%#$%*)%#$)/1*&0.)3*$()K.)$%#0.)0-<$]*&%9$)$0%*/1K#%',"*)5-&")#$0%&-7$0.)*/%00$#)"1/$)

#%'9$*)TQ'-+),$)+-3)UV`V:)4$3#*),$)+-3)UVU_%XD)c15$7$#:)1&"$#)*&#%&$9-$*)&1)/-'-/-R$)

&"$),1'&-'3$()$i+01-&%&-1')1<)&"$*$)730'$#%K0$)*+$,-$*)*"130()%0*1)K$)<3#&"$#)*&3(-$()

and implemented. This may include enforcing and extending the monofilament net 

K%')5-&"-')%'()13&*-($) &"$)+#1&$,&$()%#$%*:) %) #$&$'&-1')K%')1<)"-9"0.) &"#$%&$'$()

species like hammerhead sharks, and seasonal closures of fishing areas in key areas 

T$D9D:) #$+#1(3,&-7$)%#$%*XD)!"$) 0%&&$#)*"130()K$)*&3(-$()<3#&"$#:)%*) &"$)+#$*$',$)1<)

*1/$)$0%*/1K#%',")*+$,-$*)-*)0-P$0.)0-'P$()&1)&"$)#%-'.)*$%*1')T4$3#*),$)+-3)UVU_KXD)

;'),1'H3',&-1')5-&")-/+#17$()%,&-1'*)&1)*3++1#&)&"$),1'*$#7%&-1')1<)&"$*$)*+$,-$*:)

a monitoring system, including the collection of fishery-dependent data, will be 

essential to measure impact and effectiveness. 

A3#) #$,1'*&#3,&$() "-*&1#-,%0) ,%&,") &#$'(*) #$0-$() 1') &"$) 01,%0) $,1019-,%0) P'150$(9$)

of the fisher communities in combination with other monitoring approaches (i.e., 

*%&$00-&$]K%*$() 7$**$0) ,13'&*) %'() 0%'(-'9) *-&$) *3#7$.*XD) 41,%0) $,1019-,%0) P'150$(9$)
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-*) ,1'*-($#$() %) P$.) %++#1%,") &1) *&3(.-'9) &"$) K-1019.) 1<) *+$,-$*) T$D9D:) @$-*) ,$) +-3

`ZZZ:)2-0,"#-*&),$)+-3)UVVb:)M'%(I'),$)+-3)UVVZX:) &"$-#)(-*&#-K3&-1') T41+$*),$)+-3)UV`ZX)

%'() &$/+1#%0) ,"%'9$*) -') %K3'(%',$) T2-0,"#-*&) ,$) +-3) UVVb:) G$%3(#$%3) ,$) +-3) UV`WXD)

!"-*) %++#1%,") %0*1) $'*3#$*) &"$) -',03*-1') 1<) #$*13#,$) 3*$#*) -') ($,-*-1']/%P-'9)

%'() ,%') 0$%() &1) %) K#1%($#) 3'($#*&%'(-'9) 1<) &"$) *1,-1]$,1019-,%0) *.*&$/) %&) "%'()

T2-0,"#-*&) ,$) +-3) UVVb:) G$%3(#$%3) ,$) +-3) UV`W:) 41+$*) ,$) +-3 2019). However, effective 

*+$,-$*) /%'%9$/$'&) %0*1) #$n3-#$*) n3%'&-&%&-7$) -'<1#/%&-1') T2-0,"#-*&) ,$) +-3) UVVb:)

!$*<%/-,"%$0),$)+-3)UV`WXD)=&3(-$*),%+&3#-'9)01,%0)$,1019-,%0)P'150$(9$),%')K$)0-/-&$()

&1)&"$),100$,&-1')1<)n3%0-&%&-7$)T$D9D:)2-0,"#-*&),$)+-3)UVVbX)1#)015]#$*103&-1')n3%'&-&%&-7$)

-'<1#/%&-1')T$D9D:)"-9":)015)%K3'(%',$m)@$-*),$)+-3)`ZZZ:)=-07%'1)%'()N%0K1]aÖ#9$'*$')

UVV\:)M'%(I'),$)+-3)UVVZXD) ;')/%'.),%*$*:)n3%'&-&%&-7$) -'<1#/%&-1') -*)%0*1),100$,&$()

at vague temporal scales difficult to recall by the interviewee (e.g., abundance in the 

.$%#)UVVV:)UV`Vm)MRR3##1),$)+-3)UV``:)G$%3(#$%3),$)+-3)UV`W:)61001,%),$)+-3)UVUVXD)!"$)

#$*30&-'9) -'<1#/%&-1'),%')K$)"-9"0.)7%#-%K0$)1#) 0%,P)%++#1+#-%&$)#$*103&-1':) 0-/-&-'9)

%($n3%&$)*&%&-*&-,%0)%'%0.*$*)<1#)-',03*-1')-')/%'%9$/$'&)*&#%&$9-$*D)O1#)&"-*)*&3(.:)

we only focused on the moments a fisher can recall best: when one started fishing and 

&"$),3##$'&)*-&3%&-1')T$D9D:)!$*<%/-,"%$0),$)+-3)UV`WXD)F$)*"15)&"%&)&"-*)/$&"1(1019.)

,%')K$)3*$()&1)#$,1'*&#3,&)&$/+1#%0),"%'9$)5"$'),1/K-'$()5-&")%)*%/+0-'9)*,"$/$)

that targets fishers across the age range (i.e., experience) of the fishing community. 

Using this method, we confirm severe declines of all elasmobranch species groups 

but also that younger fishers are likely used to catching fewer elasmobranchs 

,1/+%#$()&1)10($#)9$'$#%&-1'*D)!"-*)K%*$0-'$)*"-<&)TY%30.)`ZZbX)-*)*-/-0%#)&1)&"$)*"-<&)

in generational sawfish baselines within the Bijagós Archipelago and other African 

,1%*&%0)%#$%*)T4$$'$.)%'()Y1',$0$&)UV`b:)G#%30-P),$)+-3)UVUVXD)!51)%*+$,&*)&"%&),%')

increase the sampling error and variability in fisher ecological knowledge data are the 

willingness of fishers to share information (e.g., when information would indicate non-

,1/+0-%',$)&1)#$930%&-1'*)1#)-',#$%*$),1/+$&-&-1'm)M'%(I'),$)+-3 2009) and the fishers’ 

%K-0-&.) &1) -($'&-<.) &"$)*+$,-$*)1<),1',$#'),1##$,&0.) TM'%(I'),$)+-3)UVVZXD)!"$) <1#/$#)

was evident as we compared the use of monofilament (forbidden in the archipelago) 

by interviewed fishers, which was low, to monofilament use on boats sampled by 

the fisheries observer, which was higher. The latter was addressed by establishing a 

/3&3%0)3'($#*&%'(-'9)1<)&"$)*+$,-$*)&"#139")7-*3%0)%-(*)T-D$D:)*+$,-$*)+"1&19#%+"-,)

cards). Fishers often have accurate knowledge of species identification, especially 

*+$,-$*)&"%&)%#$)$%*-0.)#$,19'-R%K0$)1#),01*$0.)0-'P$()&1),1//3'-&-$*:)%*)-*)&"$),%*$)

5-&")*"%#P*)%'()#%.*)-')&"$)G-H%9I*)T@$-*),$)+-3)`ZZZ:)a%K%(1),$)+-3)UV`bXD)!"-*)*399$*&*)

that fishers were comfortable with these discussions and that the data collected 

reflected the current state of shark and ray fisheries in the Bijagós Archipelago. 
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F$) *"15$() &"%&) %) ,1/K-'%&-1') 1<) 48Q) %'() ,1'7$'&-1'%0) /$&"1(*) T$D9D:) 0%'(-'9)

*-&$)*3#7$.*)%'()*%&$00-&$)K1%&),13'&*X),%')+#17-($) -/+1#&%'&)K%*$0-'$) -'<1#/%&-1')

'$$($() &1) -/+#17$) &"$)/%'%9$/$'&) 1<) &"#$%&$'$()/%#-'$) *+$,-$*:) $*+$,-%00.) -')

#$9-1'*)5-&")0-/-&$()#$*13#,$*)%'(),%+%,-&.D)!"-*)-'<1#/%&-1')-*)&"$)K%*-*)<1#)<3&3#$)

T%(%+&-7$X)/%'%9$/$'&)1<)&"$*$)730'$#%K0$)*+$,-$*)1<)$,1019-,%0)%'()*1,-1$,1'1/-,)

-/+1#&%',$)&1),1%*&%0),1//3'-&-$*:)*3,")%*)-')&"$)G-H%9I*)M#,"-+$0%91D)61'*-($#-'9)

&"$),3##$'&),1'*$#7%&-1')*&%&3*)1<)*"%#P*)%'()#%.*)-')&"$)#$9-1':)-//$(-%&$)%,&-1')

needs to be taken to reduce mortality through improved fisheries management 

/$%*3#$*)%*)5$00)%*)/1'-&1#-'9)%'()$'<1#,$/$'&)1<)$*&%K0-*"$()#$930%&-1'*D

;9%(.T12)NU2(4&
!"-*)+#1H$,&)5%*)<3'($()K.)&"$)="%#P)61'*$#7%&-1')O3'(:)%)+"-0%'&"#1+-,),100%K1#%&-7$)

+110-'9)$i+$#&-*$)%'()#$*13#,$*)&1)/$$&)&"$)&"#$%&*)<%,-'9)&"$)51#0(J*)*"%#P*)%'()

#%.*D)!"$)="%#P)61'*$#7%&-1')O3'()-*)%)+#1H$,&)1<)C1,P$<$00$#)Y"-0%'&"#1+.)M(7-*1#*D)

24)5%*)<3'($()K.)&"$)LMNM)O13'(%&-1':)%'()42)5%*)<3'($()K.)&"$)?3&,")C$*$%#,")

613',-0) T@FAV`^DN8@;D`\`DV\[XD) !"$) %3&"1#*) &"%'P) &"$) 01,%0) ,1//3'-&-$*) 1<) &"$)

Bijagós Archipelago and fishers for their collaboration in this study. We thank the 

staff of the ;'*&-&3&1) (%) G-1(-7$#*-(%($) $) (%*) É#$%*) Y#1&$9-(%*) T;GMYX:) ;'*&-&3&1)

Nacional de Investigação das Pescas e Oceanografia (INIPO), and Tiniguena for their 

*3++1#&)(3#-'9)(%&%),100$,&-1':)$*+$,-%00.)=%'"w)a1y1)61##$-%)5"1)"$0+$()(3#-'9)&"$)

-'-&-%0)*&%9$)1<)(%&%),100$,&-1'D)!"$)%3&"1#*)&"%'P)C%,"$0)L%,P$''%]@$&"*-'9"%)<1#)

+#11<#$%(-'9)&"-*)/%'3*,#-+&D
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Chapter 5

Abstract
Marine biodiversity loss is accelerating, leading to the elevated extinction risks of 

many species, including sharks and rays. To mitigate these losses, information on 

their distribution and community composition is needed. Monitoring these (often) 

mobile species is challenging, especially in remote, highly dynamic and turbid coastal 

areas. Here, we use an environmental DNA (eDNA) approach to (1) establish the 

presence and distribution of elasmobranch species, (2) compare this to a conventional 

fisheries-dependent approach, and (3) determine the influence of season, area-

based protection and habitat on elasmobranch community composition in the 

highly dynamic Bijagós Archipelago in Guinea-Bissau (West Africa). We collected 127 

seawater samples and detected elasmobranch DNA in 58 (45.7%) of these samples, 

confirming the presence of 13 different elasmobranch species (2 sharks, 11 rays), 

including seven threatened species. Eight species detected by the eDNA approach 

were also recorded in a fisheries observer program, which recorded another 

eight species not detected by the eDNA approach. The most commonly occurring 

species, based on the number of eDNA sampling locations, were the pearl whipray 

(Fontitrygon margaritella), smalltooth stingray (Hypanus rudis), scalloped hammerhead 

shark (Sphyrna lewini), and the blackchin guitarfish (Glaucostegus cemiculus). Species 

composition and richness differed significantly before (January-March) and after 

the rainy season (November-December). Furthermore, we showed that community 

composition and species richness did not differ between protected (MPA) and non-

protected areas of the archipelago. Thus, we confirm that eDNA approaches are a 

valuable and non-invasive tool to study threatened shark and ray species in data-

deficient and dynamic coastal areas, especially when combined with conventional 

monitoring methods such as fisheries-dependent information.
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201K%00.:) ,1%*&%0) $,1*.*&$/*) %#$) &"#$%&$'$() K.) %'&"#1+19$'-,) *&#$**1#*:) *3,") %*)
+1003&-1')%'(),1%*&%0)($7$01+/$'&:),%3*-'9)%),100%+*$)-')&"$)#-,"'$**)%'()(-7$#*-&.)1<)
%**1,-%&$()*+$,-$*)TF1#/),$)+-3)UVV^:)6%#(-'%0$),$)+-3)UV`UXD)!"$)01**)1<)*+$,-$*)/%.)
"%/+$#)&"$)<3',&-1'-'9)%'()"$%0&")1<)$,1*.*&$/*)%'(),%')0$%()&1)%)01**)1<)$,1*.*&$/)
*$#7-,$*)TF1#/),$)+-3)UVV^:)Y%03/K-),$)+-3)UVVZXD)!"$#$<1#$:)/1'-&1#-'9)&"$)*&%&3*)1<)
K-1(-7$#*-&.)%'() -'(-7-(3%0)*+$,-$*)5-&"-')$,1*.*&$/*) -*)$**$'&-%0) &1)$'*3#$) <3&3#$)
$,1*.*&$/)"$%0&")%'()&"$)+#$*$#7%&-1')1<)$,1*.*&$/)*$#7-,$*)TL-00$'-3/)8,1*.*&$/)
M**$**/$'&)UVVb:)6%#(-'%0$),$)+-3)UV`UXD)

;') /%#-'$) $,1*.*&$/*:) &1+) %'() /$*1]+#$(%&1#*) *3,") %*) *"%#P*) %'() #%.*) T-D$D:)
$0%*/1K#%',"*X:),%')"%7$)-/+1#&%'&)#10$*) -'),1%*&%0)$,1*.*&$/*)T$D9D:)c$-&"%3*)UV`V:)
c$3+$0),$)+-3 2014, Roff ,$)+-3)UV`^:)c$-&"%3*),$)+-3 2022). However, recent findings suggest 
&"%&)%++#1i-/%&$0.)__q)1<)%00)*"%#P)%'()#%.)*+$,-$*)%#$)&"#$%&$'$()5-&")$i&-',&-1')(3$)
to overfishing and habitat degradation (Dulvy ,$)+-3)UVU`XD)?3$)&1)&"$-#)$,1019-,%0)#10$*:)
the loss of these species may influence ecosystem services of marine ecosystems, such 
as productivity of fisheries, detoxification of marine waters, and carbon sequestration 
TEK03$),%#K1'J:)c$-&"%3*),$)+-3)UVV\:)M&511(),$)+-3)UV`b:)Qp++$#)%'()Q%/$'1*)UV`\XD

M**$**-'9) *+$,-$*J) ,1'*$#7%&-1') *&%&3*) T$D9D:) ;>6@)C$() 4-*&) *&%&3*X) -*) %') -/+1#&%'&)
*&$+) &15%#() -/+0$/$'&-'9)/%'%9$/$'&)%,&-1'*) &"%&)$'%K0$)+#1&$,&-1'D)c15$7$#:)
specific information for the appropriate assessment of conservation status is missing 
<1#)/%'.)*"%#P)%'()#%.)*+$,-$*)1#)01,%0j#$9-1'%0)+1+30%&-1'*)T?307.),$)+-3)UVU`XD)!"-*)
-',03($*)-'<1#/%&-1')1')01,%0)+#$*$',$:)(-*&#-K3&-1')%'()%K3'(%',$)1<)$0%*/1K#%',")
*+$,-$*D)L1'-&1#-'9)K-1(-7$#*-&.)-*),1*&0.)%'()#$n3-#$*)%++#1+#-%&$)T#$*$%#,"X),%+%,-&.:)
causing data deficiency to be more profound in developing regions. The resulting 
deficiency of essential information impairs species’ status evaluation and hampers 
the implementation of (cost-)effective conservation strategies.

M)#$0%&-7$0.)'17$0)%++#1%,")&1)/1'-&1#-'9)&"$)1,,3##$',$)1<)/%#-'$)*+$,-$*) -*) &"$)
3*$)1<)$'7-#1'/$'&%0)?@M)T$?@MX:)5"-,")-'7107$*)&"$)/$&%K%#,1(-'9)1<)?@M)&#%,$*)
1<)/%#-'$) *+$,-$*) -') &"$)5%&$#) ,103/')1#)%**1,-%&$()*$(-/$'&*) T$D9D:) !"1/*$'),$)
+-3 2012). This approach simplifies species monitoring, increases species coverage 
(i.e., including cryptic, rare and highly mobile species and limiting misidentification), 
and is non-invasive and cost-effective compared to other traditional monitoring 
%++#1%,"$*)T!"1/*$'),$)+-3)UV`U:)L-.%)UVUUXD)A7$#)&"$)+%*&).$%#*:)&"$)%++0-,%&-1')
of environmental DNA has been increasingly used to confirm the presence of fish 
*+$,-$*) -') K1&") <#$*"5%&$#) %'() /%#-'$) 5%&$#*) %'(:) /1#$) #$,$'&0.:) &1) *&3(.) &"$)
,1/+1*-&-1')1<)$0%*/1K#%',"),1//3'-&-$*)TG%PP$#),$)+-3)UV`[:)G13**%#-$),$)+-3)UV`\:)
?3''),$)+-3)UVUUXD);')%((-&-1':)$?@M)%++#1%,"$*)"%7$)K$$')*3,,$**<300.)%++0-$()&1)
($&$#/-'$)*$%*1'%0)%K3'(%',$)TY1*&%-#$),$)+-3)UVUVX:)+1+30%&-1')*-R$*)T=-9*9%%#(),$)
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+-3)UV`^X:)%'()&"$)+#$*$',$)1<)"-9"0.),#.+&-,)*+$,-$*:) <1#)$i%/+0$:) &"$)+#$*$',$)1<)
sawfishes (E&%2$%2)2553) in estuaries (Lafferty ,$)+-3)UV`\:)=,"5$-**),$)+-3)UV`Z:)4$"/%')
,$) +-3) UVUVXD) M0&"139") &"$*$) #$0%&-7$0.)'17$0) %++#1%,"$*) %#$)+#1/-*-'9) &1) %((#$**)
elasmobranch communities in highly data-deficient regions, less is known about the 
*3,,$**)1<)&"-*)&$,"'-n3$)-')*&3(.-'9)$0%*/1K#%',"),1//3'-&-$*)-')"-9"0.)(.'%/-,)
$'7-#1'/$'&*)*3,")%*)-'&$#&-(%0)$,1*.*&$/*)$i+$#-$',-'9)*&#1'9)T&-(%0X),3##$'&*D

To determine if environmental DNA can be used to tackle data deficiency in highly 
dynamic, tropical coastal ecosystems, we aimed to study a highly data-deficient shark and 
#%.),1//3'-&.)-')&"$)F$*&)M<#-,%')#$9-1'D)!"$),1%*&%0)5%&$#*)1<)&"$)F$*&)M<#-,%')K-1#$9-1')
"%7$)%)"-9")1,,3##$',$)1<)&"#$%&$'$()$'($/-,)$0%*/1K#%',")*+$,-$*)T?$##-,P),$)+-3)UVUVX)
%'()%#$)%)901K%0)"1&*+1&) <1#) &"$)/1*&)$7103&-1'%#.)(-*&-',&)$0%*/1K#%',")*+$,-$*) T-D$D:)
%)/$%*3#$)1<) %) *+$,-$*J) $7103&-1'%#.) -*10%&-1'X) T=&$-'),$) +-3) UV`bXD)c15$7$#:) &"$) #$9-1')
currently also experiences one of the highest levels of fishing effort in the world (Kroodsma 
,$)+-3)UV`\:)4$3#*),$)+-3 2021). Industrial fisheries surrounding protected coastal areas in 
F$*&)M<#-,%)T4$3#*),$)+-3)2021) and small-scale fisheries within these areas both threaten 
$0%*/1K#%',")+1+30%&-1'*)(3$)&1)&"$-#)"-9")&%#9$&$()%'()'1']&%#9$&$(),%&,"$*)TQ.'$),$)
+-3)UVUV:)4$/#%K1&&),$)+-3) -')+#$+:)4$3#*),$)+-3) -')+#$+D:)L11#$),$)+-3)UV`ZXD)c15$7$#:)&"$)
presence and community composition of elasmobranch fishes in coastal areas within the 
#$9-1')#$/%-'*)+11#0.)3'($#*&11(:)"%/+$#-'9)%($n3%&$),1'*$#7%&-1')1<)&"-*)&"#$%&$'$()
species group. In addition, the recent disappearance of species like largetooth sawfish 
TE&%2$%2)5&%2$%2X) <#1/)&"$)5-($#)#$9-1')%'()&"$)1,,3##$',$)1<),#.+&-,)*+$,-$*:)*3,")%*)&"$)
African wedgefish (C0'#/0"L+$12)-1,LL,&$%X:)%*P*)<1#)%)/1#$),1/+#$"$'*-7$)%++#1%,")&1)
$0%*/1K#%',")/1'-&1#-'9)T4$$'$.)%'()Y1',$0$&)UV`b:)L11#$)UV`[XD)

c$#$:)5$)($&$#/-'$()-<)&"$)$'7-#1'/$'&%0)?@M)%++#1%,"),%')K$)3*$()&1)*3,,$**<300.)
study elasmobranch communities in a tropical, data-deficient and highly dynamic 
intertidal environment. Specifically, we used an eDNA approach to (1) establish the 
+#$*$',$)%'()(-*&#-K3&-1')1<)$0%*/1K#%',")*+$,-$*)5-&"-')%)"-9"0.)(.'%/-,)&#1+-,%0)
-'&$#&-(%0)$,1*.*&$/:)TUX),1/+%#$)&"$)$?@M]K%*$()*+$,-$*)#-,"'$**)%'(),1/+1*-&-1')
of the archipelago to preliminary small-scale fisheries data, and (3) determine if eDNA-
based species richness and community composition differed across seasons (i.e., before 
%'()%<&$#)&"$)#%-'.)*$%*1'X:)%,#1**)&-(%0)+"%*$*:)K$&5$$')+#1&$,&$()%'()'1']+#1&$,&$()
%#$%*)%'()5-&")(-*&%',$)&1)/%'9#17$)<1#$*&D)M0&"139")&"$)G-H%9I*)M#,"-+$0%91)-*)1'$)
of the largest intertidal areas in the region, supporting local (artisanal) fisheries and 
likely functioning as a nursery area for both coastal and pelagic fish species (including 
commercial species captured in the industrial fisheries in the wider region) (Correia 
,$)+-3)UVU`X:) -'<1#/%&-1')1')&"$)(-*&#-K3&-1')1<)$0%*/1K#%',")*+$,-$*) -') 0%,P-'9D)!"$)
1'0.) -'<1#/%&-1')1')$0%*/1K#%',")*+$,-$*)5-&"-')&"-*)%#$%)1#-9-'%&$*)<#1/)-'<$##$()
*+$,-$*)(-*&#-K3&-1'*)T;GMY)UV`UX:)*&3(-$*) 0-/-&$()&1)%)*-'90$)*+$,-$*)1#) -*0%'()T6#1**)
2015, Leeney and Poncelet 2015), and recorded captures by industrial fishing fleets 
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1+$#%&-'9)13&*-($)&"$)%#,"-+$0%91)T?-1+)%'()?1**%)UV``:)4$3#*),$)+-3)UVU`XD)F$)%-/$()
&1)+#17-($) -'<1#/%&-1') &"%&) -*) $**$'&-%0) <1#) &"$) *3,,$**<30) -/+0$/$'&%&-1')1<)/1#$)
effi  cient conservation measures for these threatened species, for future ecological 
*&3(-$*) <1,3*-'9) 1') &"$) $,1*.*&$/) <3',&-1'-'9) 1<) &"$) G-H%9I*:) %'() &1) 0$%#') -<) %'()
"15)&"-*)#$0%&-7$0.)'17$0)%++#1%,"),%')K$)3*$()-')#$/1&$:)"-9"0.)(.'%/-,:)%'()(%&%]
defi cient environments to study sharks and rays.

G24".)&
9*1)3'"#&"
The Bijagós Archipelago (11° 15′ 0″ N, 16° 5′ 0″ W) is located in Guinea-Bissau (Figure 
bD`X:)-')&"$)$i&$'($()$*&3%#.)1<)&"$)2$K%)C-7$#D)!"$)%#,"-+$0%91),1/+#-*$*)\\)-*0%'(*)
and islets lined by dense mangrove forests and intertidal mudfl ats connected through 

%),1/+0$i)*.*&$/)1<)9300-$*)%'(),"%''$0*D)

Figure 5.1 A7$#7-$5) 1<) &"$) *%/+0-'9) 01,%&-1'*) -') &"$) G-H%9I*) M#,"-+$0%91) -')23-'$%]G-**%3D)
Sampling was conducted in fi ve diff erent regions: Urok (n = 35; red), Soga (n = 19; light blue), 
C3K%'$)T(%#P)K03$X:)G3K%n3$)T')r)U\m)1#%'9$X:)%'()A#%'91)T')r)_\m)9#$$'XD)!"$)-*0%'(J*)3+0%'()
T(%#P)9#$$'X:)/%'9#17$*)T9#$$'X)%'()-'&$#&-(%0)%#$%*)T.$0015X)%#$)*"15'D)!"$)/%#-'$)+#1&$,&$()
%#$%*)TLYM*X)%#$)13&0-'$()-')9#$$'D
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F-&")17$#)_bV)P/U)1<)/%'9#17$)<1#$*&*)%'()[^V)P/U)of intertidal flats, the archipelago 
-*)#$,19'-R$()%*)%')-/+1#&%'&)%#$%)<1#)T/-9#%&1#.X)*"1#$K-#(*)T=%07-9),$)+-3)`ZZW:)L$-H$#)
,$)+-3)UVU`X:)&$0$1*&*)T61##$-%),$)+-3)UVU`X:)%'()*$%)&3#&0$*)T6%&#.),$)+-3)UVVUX:)%'()5%*)
($*-9'%&$()%*)%)>@8=6A)G-1*+"$#$)C$*$#7$) -')`Z^^) T;GMY)UV`U:)>@8=6A)UVUVXD) ;')
UV`W:)&"$)%#,"-+$0%91)5%*)%0*1)#$,19'-R$()%*)%')-/+1#&%'&)5$&0%'()3'($#)&"$)CML=MC)

61'7$'&-1')T;GMY)UV`U:)CML=MC)UV`WXD)

9"@(.&'-+..&-*$+%'"%)'(#&,&#0"*$+%
We sampled surface water in five regions within the archipelago: Urok, Soga, Rubane, 

G3K%n3$:) %'() A#%'91) TO-93#$) bD`XD) =%/+0$*) 5$#$) ,100$,&$() K$<1#$) Ta%'3%#.) %'()

O$K#3%#.X)%'()%<&$#)TA,&1K$#)&1)?$,$/K$#X)&"$)#%-'.)*$%*1')-')UV`ZD)M&)$%,")*%/+0-'9)

01,%&-1':)5$)&11P)%)U]0-&$#)5%&$#)*%/+0$)3*-'9)%)*&$#-0-R$()*%/+0-'9)K1&&0$)T-D$D:)3*-'9)

%) `Vq) K0$%,") *103&-1'X) %'() K.) *3K/$#9-'9) &"$) K1&&0$) ,1/+0$&$0.) 3'($#5%&$#) &1)

prevent sampling the biofilm on the water surface. For each sample, we recorded 

&"$)*3##13'(-'9)"%K-&%&)T!%K0$)bD`X:)9$19#%+"-,),11#(-'%&$*:)%'()*&1#%9$)&-/$)T-D$D:)

time between sample collection and filtration). Retrospectively, we determined the 

(-*&%',$)1<)&"$)*%/+0-'9)01,%&-1')&1)&"$)$'&#%',$)1<)&"$)2$K%)C-7$#:)&"$)(-*&%',$)&1)

&"$)'$%#$*&)/%'9#17$)$(9$:)%'()5"$&"$#)%)*%/+0$)5%*)&%P$')-')1#)13&*-($)1'$)1<)

&"$)&51)/%#-'$)+#1&$,&$()%#$%*)TO-93#$)bD`XD)=%/+0-'9)&-/$)5%*)3*$()&1)($&$#/-'$)

&"$)&-(%0)+"%*$)%'()%/+0-&3($)K%*$()1')&"$)&-($)&%K0$)<1#)G3K%n3$)T``D__z)@j`bD\[z)

FXD)F$)$*&-/%&$()&"%&),1/+%#$()&1)&"$)"-9")&-($)-')G3K%n3$:)&"$)"-9")&-($)5%*)1'$)

"13#)0%&$#)-')&"$)>#1P)*%/+0-'9)#$9-1')%'()1'$)"13#)$%#0-$#)-')&"$)A#%'91)#$9-1'D)!1)

%,,13'&)<1#)+1&$'&-%0)7%#-%K-0-&.)-')&"$*$)"-9")%'()015)&-($)$*&-/%&$*:)5$),1'*-($#$()

*%/+0$*) &%P$')5-&"-') _V)/-'3&$*) &1) 1#) <#1/) "-9") &-($) %*) E"-9"]&-($) *%/+0$*J) %'()

*-/-0%#0.)<1#)015)&-($D)=%/+0$*)&%P$')K$&5$$')015)%'()"-9")&-($*)%#$)#$<$##$()&1)%*)

E#$,$(-'9)&-($*J)%'()E-',1/-'9)&-($*JD)=&#%-9"&)%<&$#)*%/+0$),100$,&-1':)*%/+0$*)5$#$)

wrapped in aluminum foil and stored in an insulated cooling box until filtration. Upon 

return to the base camp or whenever the situation in the field permitted, samples 

were filtered as soon as possible using a portable, battery-operated vacuum pump 

(Makita 16V vacuum pump). The pump was connected to a Nalgene Erlenmeyer flask 

with a sterilized filter holder and funnel on top. Samples were filtered using sterile 

mixed cellulose ester filters (MERCK and PALL filters, 47mm Ø, 0.45μ/)+1#$)*-R$XD)

We used multiple filters to filter a single 2-liter sample depending on the suspended 

/%&$#-%0D) M*) %,,$**) &1) $0$,&#-,-&.) (3#-'9) $i+$(-&-1'*) 5%*) '1&) %05%.*) 93%#%'&$$()

due to the remoteness of the field sites, each filter was subsequently stored in a 

Longmire’s lysis buffer, which allows for sample storage without cooling (Williams ,$)

+-3)UV`^:)=+$'*),$)+-3)UV`[:)!%K$#0$&),$)+-3 2018). Sampling bottles, filter holders, and 
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funnels were sterilized using a 10% bleach solution between sampling efforts. To 

($&$#/-'$)%'.),1'&%/-'%&-1')(3#-'9)*%/+0-'9)%'()$n3-+/$'&)*&$#-0-R%&-1':)5$)&11P)

a negative control sample for each sterilized batch of equipment by filtering bottled 

mineral water (i.e., equipment blank). The filters of these controls were stored the 

same way as filters used for sample filtration. 

Table 5.1 The definitions of habitats assigned to each sample (see Leurs ,$)+-3)UVU_XD

Habitat Definition
;'&$#&-(%0 c%K-&%&)&"%&)-*)*3K/$#9$()(3#-'9)"-9")&-($)%'()$/$#9$*)%&)

015)&-($)T9$'$#%00.)*"%0015$#)&"%')b)/$&$#*)-')($+&"XD
2300$. Water stream embedded in intertidal flats and/or mangrove 

<1#$*&*)T5-(&")1<)0$**)&"%')UbV)/$&$#*XD
L-'1#),"%''$0 M)5%&$#)*&#$%/)&"%&)-*)/1#$)&"%')UbV/)%'()0$**)&"%')`)P/)

5-($)%'()"%*)'1)(-#$,&),1''$,&-1')&1)&"$)1,$%'D
L%-'),"%''$0*j*3K&-(%0)5%&$#* L%-')5%&$#)K1(-$*)5-&")%)5-(&")1<)17$#)`)P/)%'()%)(-#$,&)

,1''$,&-1')&1)&"$)1,$%'D

!&*">"#-+)$%5'+7',"@(.&,

ED;'2V4$#94,.('

In the lab (genetics lab of the University of Groningen), prior to DNA extraction, all filters 

(and buffer solution) belonging to the same field sample were pooled together in a sterile 

50 ml vial and were stored submerged by adding Longmire’s lysis buffer. Filter pooling 

5%*),1'(3,&$()-')%')30&#%]7-10$&)T>NX)K1i)5-&")*&$#-0-R$()<1#,$+*D)L%&$#-%0*)5$#$)*&$#-0-R$()

3*-'9)bVq)K0$%,")%'()*3K*$n3$'&)#-'*-'9)5-&")?@M]<#$$)5%&$#D)=%/+0$*)5$#$)&"$')*&1#$()

-')&"$)<#-(9$)T%&)%K13&)U)z6X)3'&-0)?@M)$i&#%,&-1'D)F$)%++0-$()%)*&%'(%#()+"%*$]*$+%#%&-1')

%'()+#$,-+-&%&-1')?@M)$i&#%,&-1')/$&"1()K%*$()1')+"$'10],"01#1<1#/)TL-'%/1&1),$)+-3

UV`^XD)?@M)n3%'&-&-$*)1<) $7$#.) *%/+0$)5$#$)($&$#/-'$()3*-'9)%) *+$,&#1+"1&1/$&$#)

T@%'1(#1+)UVVVXD)=3K*$n3$'&0.:)?@M)$i&#%,&*)5$#$),0$%'$()K.)9$0)$i&#%,&-1')3*-'9)&"$)

Y#1/$9%)F-R%#(Ü)=N)2$0)%'()Y6C)60$%']>+)=.*&$/D)!"-*),0$%']3+)*&$+)5%*)'$,$**%#.)

K$,%3*$)1<) &"$),%##.]17$#)1<)Y6C) -'"-K-&1#)1#-9-'%&-'9) <#1/) -'9#$(-$'&*)1<)41'9/-#$J*)

lysis buffer. The obtained clean DNA was then used as the PCR template.

S$,U2$')24#,1&

For species identification in elasmobranchs, the fast-evolving, mitochondrial protein-

,1(-'9)9$'$)@M?c)($".(#19$'%*$)*3K3'-&)U)T@M?cUX)"%*)K$$')*3,,$**<300.)%++0-$()

T@%.01#),$)+-3)UVVb:)UV`UXD)!"$)3'-7$#*%0)$0%*/1K#%',")+#-/$#*)1<)@%.01#),$)+-3)TUVVbX:)

K-'(-'9)&1)&"$)M=@)%'();48)&C@M)#$9-1'*:)&%#9$&)%)`:VWW)K+)<#%9/$'&)1<)@M?cUD)!1)

%/+0-<.)%)*"1#&$#)<#%9/$'&)<#1/)$?@M)*%/+0$*)5-&")+1&$'&-%00.)($9#%($()?@M:)5$)
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3*$() &"$) M=@) +#-/$#) 7%#-%'&) ,%00$() E6"-/$#%OJ) TEb]MM22M6!M6!!!2M!M2M2!]E_X)

T@%.01#) ,$) +-3) UVVbX) -') ,1/K-'%&-1') 5-&") &51) '$50.) ($*-9'$() #$7$#*$) +#-/$#*)

yielding an amplicon of ca. 320 bp. The first reverse primer NADH2 ‘miniSharkR2’ 

TEb]22MM!CM!226!MM!2!2!!]E_X) &%#9$&*) K1&") *"%#P*) %'() #%.*:) %'() &"$) *$,1'()

reverse primer ‘miniSharkR5’ (‘5-CCTATTCAAACTAGGAGTC-‘3) was specifically 

($*-9'$() &1) &%#9$&) *"%#P) *+$,-$*D) O1#) *3K*$n3$'&) *$n3$',-'9:) &"$) <10015-'9) &%-0*)

5$#$) %&&%,"$() &1) &"$) +#-/$#S) bJ]2M!2!2!M!MM2M2M6M2áO1#5%#(]+#-/$#]_J) %'()

bJ]62!2!26!6!!662M!6!áC$7$#*$]+#-/$#*]_JD

S5*'#()'&2W/2(9,(N

Y10./$#%*$)6"%-')C$%,&-1')TY6CX)5%*)*$&)3+)-')%)?@M]<#$$)#11/D)8%,")*%/+0$)5%*)

amplified in triplicate to avoid PCR bias. AccuStart II PCR ToughMixe)5%*)3*$(:)%*)

?@M)-')&"$),100$,&$()*%/+0$*)/%.)"%7$)K$$')($9#%($()(3$)&1)K-1019-,%0)+#1,$**$*)1#)

($9#%(%&-1'),%3*$()K.)$i+1*3#$)&1)>N)0-9"&D)!"$)#$%,&-1')7103/$)5%*)`V)μ0)-',03(-'9)

b)μ0)M,,3=&%#&:)̀ μ0)1<)$%,")+#-/$#)T`V)μLX:)̀ )μ0)((cUA)%'()Uμ0)?@M)&$/+0%&$D)!"$)Y6C)

profile was 3 min at 94°C, followed by 35 cycles of 1 min at 94°C, 30 sec at 48°C, and 

1 min at 72°C, and a final extension at 72°C for 10 min. The annealing temperature 

5%*)*$&) &1)W\z6) &1)/-'-/-R$) &%i1'1/-,)K-%*) T;*"--) %'()O3P3-:) UVV`XD)Y6C)+#1(3,&*)

5$#$) *$n3$',$()1')%)L-=$ne) T;003/-'%X) =$n3$',$#)%&) &"$)?$+%#&/$'&)1<)c3/%')

2$'$&-,*:) 4$-($') >'-7$#*-&.)L$(-,%0) 6$'&$#:) 5-&") &"$) %-/) <1#) %) #$%(]($+&") *$&) %&)

bV:VVV)#$%(*)+$#)*%/+0$D)4-K#%#-$*)5$#$)+#$+%#$()5-&")&"$)L-=$ne)N_)P-&:)9$'$#%&-'9)

_VV]K+)+%-#$(]$'()#$%(*D)=-',$)&"$)N_]P-&)(1$*)'1&)'1#/%0-R$:)-D$D:)0$%7$*)&"$)#$0%&-7$)

+#$*$',$) 1<) &"$) -'-&-%0) Y6C) +#1(3,&) -'&%,&:) &"-*) 0-K#%#.) +#$+%#%&-1')/$&"1() %0015*)

%**$**-'9)&"$)#$0%&-7$),1'&#-K3&-1')1<)&%i%)&1)#$%()%K3'(%',$)1<)$%,")Y6C)+#1(3,&D

C#0'9.(4$.1&

O1#)$%,")*%/+0-'9)+$#-1()TK$<1#$)%'()%<&$#)&"$)#%-'.)*$%*1'X)&51)'$9%&-7$)$i&#%,&-1')

controls were included to test the Longmire’s lysis buffer stock solution as a source 

of contamination: one with the first and one with the last batch of extractions. 

M((-&-1'%00.:)'$9%&-7$),1'&#10)*%/+0$*)5$#$)&%P$')<#1/)$%,")Y6C)/%*&$#)/-i)&1)&#%,P)

+1**-K0$),1'&%/-'%&-1')1<)Y6C)#$%9$'&*D

5$2#4,.('.8'=-B'4#012

F$) $i&#%,&$() 3'-n3$:) "-9"]n3%0-&.) K%#,1($) #$%(*) T/10$,30%#) 1+$#%&-1'%0) &%i1'1/-,)

3'-&*:)%KK#$7-%&$()%*)A!>X)3*-'9)&"$)*1<&5%#$)>=$%#,")ZDU)T8(9%#)UV`VXD)O-#*&:)+%-#$(]

$'()#$%(*)5$#$)/$#9$()-'&1)%),1'*$'*3*)*$n3$',$:)#$/17-'9)&"$)*$n3$',-'9)%(%+&1#*D)
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Y#-/$#) *$n3$',$*)5$#$) #$/17$()K.) &#3',%&-'9)$%,")$'()K.)UbK+:) &"$) 0$'9&")1<) &"$)

longest PCR primer. The full dataset quality filtering was set at the default E-value of 0.4 

%'()#$%(]&#3',%&-1')&1)UUVK+D)!1)*-/+0-<.),03*&$#-'9:)&#3',%&$()#$%(*)5$#$)($]#$+0-,%&$()

K.) %**-9'-'9) %) ,13'&) &1) 3'-n3$) #$%(*:)/$#9-'9) -($'&-,%0) #$%(*) -') K1&") 1#-$'&%&-1'*D)

=3K*$n3$'&0.:)&"$)*-'90$&1'*)5$#$)#$/17$()T$D9D:)O#Ö*0$7),$)+-3)UV`[XD)>*-'9)&"$)>YMC=8]

A!>)%091#-&"/)T8(9%#:)UV`VX:)#$%(*)&"%&)5$#$)/-'-/%00.)Z[q)-($'&-,%0)5$#$),03*&$#$(D)

!"-*)5%*)#$+0-,%&$()3*-'9)%)&"#$*"10()1<)`VVq)*-/-0%#-&.)<1#),03*&$#-'9)%'().-$0($()'1)

differences in species detection. The consensus sequence of each cluster was assigned 

an OTU ID, resulting in an OTU sequence table. This algorithm also filters chimeras. For 

$%,")*%/+0$:)&"$)'3/K$#)1<)#$%(*)T+%-#$()%'()5-&")&#3',%&$()+#-/$#*X)&"%&)/%&,"$()

5-&")$%,")A!>)5%*)($&$#/-'$(:)#$*30&-'9)-')%')A!>)<#$n3$',.)&%K0$D)!"$)($<%30&)-($'&-&.)

match of 97% was used. The final OTU frequency table was adjusted for the negative 

$i&#%,&-1')%'()Y6C),1'&#10*)K.)($(3,&-'9)&"$)'3/K$#)1<)#$%(*)<13'()<1#)%')A!>)-')&"$)

pooled negative extraction controls from each cell in the OTU table. The final OTU table 

5%*)K0%*&$()%9%-'*&)&"$)/-&1,"1'(#-%0)9$'1/$)(%&%K%*$)1<)6"1'(#-,"&".$*),1'*&#3,&$()

%'(),3#%&$()K.)&"$)O01#-(%)Y#19#%/)<1#)="%#P)C$*$%#,")TOY=CX)%&)&"$)O01#-(%)L3*$3/)

1<)@%&3#%0)c-*&1#.)1<)&"$)>'-7$#*-&.)1<)O01#-(%)T*$$)@%.01#),$)+-3)UV`UXD)M&)&"$)&-/$)1<)&"-*)

%'%0.*-*:)&"$)(%&%K%*$),1'&%-'$()ZWq)1<)P'15')9$'$#%)%'()[Uq)1<)P'15'),"1'(#-,"&".%')

*+$,-$*:)+03*)+1&$'&-%0)'$5)*+$,-$*)%'()+1+30%&-1']0$7$0)7%#-%'&*D)!"$)(%&%K%*$)"%*)K$$')

curated by taxonomic experts to exclude any wrongly identified haplotypes. Only the 

/%&,")5-&")&"$)015$*&)8]7%03$)5%*)#$&%-'$()(3#-'9)K0%*&-'9)<1#)$%,")A!>D

A<)&"$)`U[)*%/+0$*)5$),100$,&$()%'()*$n3$',$(:)b\)TWbD[qX),1'&%-'$()$0%*/1K#%',")

?@MD)A<)\\^:VZ[)#$%(*:)\\D`q)T[\V:b\`X),130()K$)&%i1'1/-,%00.)%**-9'$()&1)̀ `V)3'-n3$)

A!>*m) WV) A!>*) 5$#$) %**-9'$() 5-&") "-9") &%i1'1/-,) ,$#&%-'&.) 3*-'9) %) +$#,$'&%9$)

-($'&-&.)1<)≥)Zbq)%'()n3$#.),17$#%9$)1<)≥)\bqD)A<)&"$*$:)Ub)A!>*)5$#$)%**-9'$()&1)

`_) $0%*/1K#%',") *+$,-$*:) %,,13'&-'9) <1#) U`\:VW[) TUWD^qX) #$%(*D) !"$) #$/%-'-'9) `b)

A!>*)5$#$)%**-9'$()&1)&$0$1*&*)T[D`^q)1<)#$%(*m)+#-/%#-0.)<+&"$0,&"7"#)*,-+#"$0,&"#X:)

"3/%'*)TVDVWq)1<)#$%(*X)%'()+0%'&jK%,&$#-%)T")VDV`q)1<)#$%(*XD)A<)&"$*$)$0%*/1K#%',")

species, 11 ray species were identified, accounting for 180,227 reads (82.7%) of the 

&1&%0)'3/K$#)1<)#$%(*D)!51)*"%#P)*+$,-$*)5$#$)($&$,&$(:)%,,13'&-'9)<1#)&"$)#$*&)1<)&"$)

#$%(*)T`[D_qXD)80%*/1K#%',")#$%(*)+$#)*%/+0$)#%'9$()<#1/)V)&1)^:bU`)T_ZZDW)})Z[^DU:)

/$%')})*&%'(%#()($7-%&-1'X)%<&$#),1##$,&-1'*)<1#),1'&%/-'%&-1'D)

A$,;&#$&,'B>,&#0&#'C#+5#"@
Data from a pilot fisheries observer program was used to compare the number of 

species detected in the eDNA survey. From February to September 2021, 122 fishing 
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boats operating within the Archipelago were sampled in the main fishing port of 
Bissau. Of each boat, the elasmobranch catches were identified to species level and 
information on the fishing trip (e.g., fishing location, duration) was documented. To 
compare the fisheries observer data to the eDNA results, only boats fishing within 
&"$)>#1P:)=19%:)C3K%'$:)G3K%n3$:)%'()A#%'91)#$9-1'*)5$#$)-',03($()-')&"$)%'%0.*$*)
T')r)WWXD)?3$)&1)&"$)0-/-&$()*%/+0$)*-R$:)*+$,-$*)#-,"'$**)%'(),1/+1*-&-1')K$&5$$')
fisheries observer and eDNA data could only be compared on an archipelago level.

9*"*$,*$-".'"%".3,&,
To minimize the influence of species presence due to cross-contamination, a species 
5%*),1'*-($#$()+#$*$'&)5"$')&"$)'3/K$#)1<)#$%(*)$i,$$($()&$'D)!1)*&3(.)&"$)*+$,-$*)
composition across different variables (e.g., season, tidal phase, MPAs), we determined 
&"$)<#$n3$',.)1<)1,,3##$',$)<1#)$%,")*+$,-$*)K.)(-7-(-'9)&"$)&1&%0)'3/K$#)1<)01,%&-1'*)
&"%&)%)*+$,-$*)5%*)($&$,&$()K.)&"$)&1&%0)'3/K$#)1<)*%/+0$)01,%&-1'*D F$)3*$()'1']
/$&#-,)(-/$'*-1'%0)*,%0-'9)&1)7-*3%0-R$)&"$)*+$,-$*),1/+1*-&-1')1<)*%/+0-'9)01,%&-1'*)
at which at least one species was detected and determined significant differences in 
relative species composition across the different seasons, protected areas and tidal 
+"%*$*)3*-'9)%)+$#/3&%&-1'%0)%'%0.*-*)1<)7%#-%',$)TY8CLM@ANMXD)F$)($&$#/-'$()&"$)
*+$,-$*)#-,"'$**)<1#)$%,")*%/+0-'9)01,%&-1')%*)&"$)'3/K$#)1<)($&$,&$()*+$,-$*)T=XD)F$)
3*$()%)9$'$#%0-R$()0-'$%#)/1($0)5-&")%)'$9%&-7$)K-'1/-%0)$##1#)(-*&#-K3&-1')&1)($&$#/-'$)
&"$)#$0%&-1')K$&5$$')*+$,-$*)#-,"'$**)%'()+#$(-,&1#)7%#-%K0$*D)F$),1'(3,&$()%)!3P$.J*)
range test to test for differences among sampling season and tidal phases. Since the 
number of reads for a specific species can be influenced by PCR conditions (Taberlet 
,$)+-3)UV`\X)1#)$,1019-,%0)$7$'&*)T$D9D:)%)($,$%*$()-'(-7-(3%0)1#)#$+#1(3,&-1'j*+%5'-'9:)
G%#'$*)%'()!3#'$#)UV`^), we limited species-specific analyses to presence-absence. 
F$)3*$()%)9$'$#%0) 0-'$%#)/1($0)5-&")%)K-'1/-%0)$##1#)(-*&#-K3&-1')&1)($&$#/-'$)&"$)
significance of independent variables in predicting the presence of a species. We 
-',03($()*$%*1':)#$9-1':)(-*&%',$)&1)&"$)'$%#$*&)/%'9#17$:)(-*&%',$)&1)&"$)2$K%)C-7$#)
$'&#%',$:)"%K-&%&:)%'()&-(%0)+"%*$)%*)-'($+$'($'&)7%#-%K0$*D)!"$)+#$*$',$)1<)%)*+$,-$*)
5%*)1'0.)/1($0$()<1#)*+$,-$*)($&$,&$()%&)&$')1#)/1#$)*%/+0-'9)01,%&-1'*:)#$*30&-'9)-')
%')$i,03*-1')1<)#%#$)*+$,-$*)<#1/)&"-*)%'%0.*-*D)L1($0)*$0$,&-1')5%*)K%*$()1')MP%-P$J*)
;'<1#/%&-1')6#-&$#-1')TM;6X)%'()G%.$*-%');'<1#/%&-1')6#-&$#-1')TG;6XD)

*2&/14&
9(&-$&,'(#&,&%-&'"%)')$,*#$>1*$+%
M)&1&%0)1<)̀ _)*+$,-$*)5$#$)($&$,&$()%*)+%#&)1<)13#)$?@M)*3#7$.:)5-&")[)Tb_D\qX)1<)&"$*$)
*+$,-$*),3##$'&0.)0-*&$()%*)&"#$%&$'$()1')&"$);>6@)C$()4-*&D)!"$)<13#)/1*&),1//1')
*+$,-$*)-')&"$)*&3(.)%#$%)K%*$()1')&"$)&1&%0)'3/K$#)1<)*%/+0$)+1-'&*)&"%&)%)*+$,-$*)
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5%*)($&$,&$()%#$) &"$)+$%#0)5"-+#%.) T`\DZqm)@)r)UW) 01,%&-1'*X:) */%00&11&") *&-'9#%.)
TF'5+#12)&17%2:)`WDUqm)@)r)`\)01,%&-1'*X:)*,%001+$()"%//$#"$%()*"%#P)T`UD^qm)@)r)
16 locations), and blackchin guitarfi sh (11.8%; N = 15 locations) (Figure 5.2A). These 
<13#)*+$,-$*)5$#$)($&$,&$()-')&"$)/%H1#-&.)1<)*&3(.)#$9-1'*:)$i,$+&)<1#)&"$)K0%,P,"-')
guitarfi sh and smalltooth stingray, which were not detected in the Rubane and 
=19%) #$9-1'*:) #$*+$,&-7$0.) TO-93#$)bD_XD) C$0%&-7$0.) #%#$) *+$,-$*:) *3,")%*) &"$)M<#-,%')
,15'1*$)#%.)TC0%#"5$,&+)5,-%X)%'()&"$)/%#K0$()*&-'9#%.)T>+2'+$%2)*+&*"&+$+X:)5$#$)

1'0.)($&$,&$()-')>#1P)%'()*13&"$#')A#%'91)TM++$'(-i)bD`XD

Figure 5.2 !"$)*+$,-$*)&"%&)5$#$)($&$,&$()3*-'9)$'7-#1'/$'&%0)?@M)-')UVUV)%*)%)+#1+1#&-1')1<)
*%/+0-'9)+1-'&*)T')r)`U[X)&"%&)%)*+$,-$*)5%*)($&$,&$()%'()%*)%)+#1+1#&-1')1<)&"$)&1&%0)'3/K$#)
of reads (A). The species observed during the fi sheries observer program in 2021 are shown 
%*)%)+#1+1#&-1')1<)&"$)K1%&*)&"%&),%+&3#$()&"$)*+$,-$*)%'()&"$)+#1+1#&-1')1<)&"$)&1&%0)'3/K$#)
1<)-'(-7-(3%0*)1<)$0%*/1K#%',"*)&"%&)5$#$),%+&3#$()TGXD)=+$,-$*)5$#$)($&$,&$()$-&"$#)K.)K1&")
methods or only by the eDNA survey or by the observer (C). Diff erent colors indicate diff erent 
*+$,-$*)($&$,&$()%*)+%#&)1<)&"$)$?@M)*3#7$.:)5-&"),101#)&-'&)-'(-,%&-'9)*+$,-$*)9#13+)T*"%#P*)r)
blue, benthic rays = orange/red, benthopelagic rays = green, guitarfi shes = light blue). Species 
1'0.)($&$,&$()%*)+%#&)1<)&"$)1K*$#7$#)+#19#%/)%#$)*"15')-')9#%.D)

*Possibly includes observations of F. margaritella due to misidentifi cation. 
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F"$'),1'*-($#-'9)&"$)&1&%0)'3/K$#)1<)#$%(*)+$#)*+$,-$*:)&"$)/1*&),1//1')*+$,-$*)
5$#$) &"$) *,%001+$() "%//$#"$%() *"%#P) TWWDbqX:) +$%#0) 5"-+#%.) TUUDWqX:) K0%,P,"-')
guitarfish (21.2%), and the Lusitanian cownose ray (C0%#"5$,&+)*+&(%#+$+:)bD`qXD)!"-*)
differed from fisheries-dependent information, as the most caught species were 
&"$)/-0P)*"%#P) TC0%="5&%"#"7"#)+/1$12:)U^DWqX:)(%-*.)5"-+#%.) T!"#$%$&'("#)*+&(+&%$+
UUDVq:)K3&)0-P$0.)-',03($*)!3)*+&(+&%$,--+ due to frequent misidentification), blackchin 
guitarfish (15.4%), scalloped hammerhead shark (7.7%), and Seret’s butterfly ray 
TA'*#1&+) 2,&,$%:) [D[qX) TO-93#$) bDUGXD) !"$) $?@M) %++#1%,") %'() 1K*$#7$#) +#19#%/)
overlapped in documenting the presence of eight species, whereas five additional 
*+$,-$*)5$#$)1'0.)($&$,&$()5-&")&"$)$?@M)%++#1%,")%'()$-9"&)1&"$#)*+$,-$*)5$#$)
recorded only in the catches of local fishers (Figure 5.2C). 

Figure 5.3)!"$)*%/+0$)+1-'&*)5"$#$)&"$)<13#)/1*&),1//1')*+$,-$*)5$#$)($&$,&$()3*-'9)$?@MS)
TMX)+$%#0)5"-+#%.)T!"#$%$&'("#)*+&(+&%$,--+X:)TGX)*/%00&11&")*&-'9#%.)TF'5+#12)&17%2X:)T6X)*,%001+$()
"%//$#"$%()*"%#P)T<50'&#+)-,Z%#%), and (D) blackchin guitarfish (A-+1/"2$,(12)/,*%/1-12XD)2#$.)
*n3%#$*)-'(-,%&$)01,%&-1'*)5"$#$)&"$)*+$,-$*)5%*)'1&)($&$,&$(D)!"$)(-*&#-K3&-1')/%+*)1<)&"$)
#$/%-'-'9)*+$,-$*)($&$,&$()-')&"-*)*&3(.)%#$)*"15')-')M++$'(-i)bD`D

F$) ($&$#/-'$() &"%&) $?@M]K%*$() *+$,-$*) #-,"'$**) 5-&"-') &"$) *&3(.) %#$%) #%'9$()
<#1/)V) &1)[) *+$,-$*)+$#) 01,%&-1':)5-&")%)/$%')1<)`DV) *++D) TZbq)6;S)VD[b]`DU[)*++DX)
(Figure 5.4). Seven of the species detected using the eDNA approach are classified as 
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&"#$%&$'$()K%*$()1')&"$);>6@)C$()4-*&S)!"$)/-0P)*"%#P)TC0%="5&%"#"7"#)+/1$12X)%'()
+$%#0)5"-+#%.) T!"#$%$&'("#)*+&(+&%$+) are listed as Vulnerable, the Seret’s butterfly 
#%.)TA'*#1&+)2,&,$%X)%*)8'(%'9$#$(:)%'()&"$)*,%001+$()"%//$#"$%()*"%#P:)K0%,P,"-')
guitarfish, Lusitanian cownose ray (C0%#"5$,&+)*+&(%#+$+X:)%'()&"$)*/%00&11&")*&-'9#%.)
are listed as Critically Endangered. The fisheries observer recorded seven additional 
&"#$%&$'$()*+$,-$*)'1&)($&$,&$()3*-'9) &"$)$?@M)%++#1%,"D)A<) &"$*$:) &"$)K0%,P&-+)
*"%#P) T.+&/0+&0%#12) -%*L+$12X:) '3#*$) *"%#P) TA%#(-'*"2$"*+) /%&&+$1*X:) K%#K$0$()
"13'(*"%#P)TI,5$"/0+&%+2)2*%$0%%X:)K300)*"%#P)T.+&/0+&0%#12)-,1/+2X:)%'()K#15')*&-'9#%.)
TM+$0'$"20%+)-+$+X)%#$)0-*&$()%*)N30'$#%K0$:)%'()&"$)&"1#'.)5"-+#%.)T!"#$%$&'("#)185+*X)
%'()(3,PK-00)$%90$)#%.)TJ,$"*'-+,12)L"B%#12X)%*)6#-&-,%00.)8'(%'9$#$(D

Effects of season, protective status and habitat
We determined that both species richness and species composition differed 
significantly before and after the rainy season (Figure 5.5A-C; Richness: d.f. 1, F = 4.46, 
+)r)VDVW:),1/+1*-&-1'S)(D<D)r)`:)O)r)[D[Z:)+)" 0.01) and that species composition differed 
K$&5$$')'1']+#1&$,&$()%'()+#1&$,&$()%#$%*)5"$')*$%*1'%0-&.)-*)&%P$')-'&1)%,,13'&D)
These seasonal differences are caused by a higher occurrence of the pearl whipray and 
&"$),15'1*$)#%.)C0%#"5$,&+)2$,%#7+/0#,&%)/93)L"#+212)%<&$#)&"$)#%-'.)*$%*1')%'()%)"-9"$#)
occurrence of the scalloped hammerhead shark and the blackchin guitarfish before 
&"$)#%-'.)*$%*1')TO-93#$)bDbGXD)!"-*)5%*)*3++1#&$()K.)%)"-9"$#)($&$,&-1')+#1K%K-0-&.)1<)
&"$)*,%001+$()"%//$#"$%()T(D<D)r)`:)àU)r)`VDW:)+)" 0.01) and blackchin guitarfish (d.f. = 
`:)àU)r)``D`:)+)")VDV`X)K$<1#$)&"$)#%-'.)*$%*1')TM++$'(-i)bD^XD)

M0&"139")5$)($&$#/-'$()&"%&)K1&")*+$,-$*)#-,"'$**)%'(),1/+1*-&-1')%,#1**)+#1&$,&$()
and non-protected areas did not differ significantly (Figure 5.5D-F), species composition 
differed significantly between protected and non-protected waters if seasonality is taken 
-'&1),1'*-($#%&-1')T(D<D)r)̀ :)O)r)UDUZ:)+)r)VDVWX)TO-93#$)bDb2XD)M<&$#)&"$)#%-'.)*$%*1':)*+$,-$*)
composition within the MPAs significantly differed from locations outside the MPAs (d.f. 
r)`:)O)r)_D^[:)+)r)VDV_X:)K3&)%0*1)<#1/)01,%&-1'*)K1&")-'])%'()13&*-($)LYM*)K$<1#$)&"$)
rainy season (d.f. = 1, F = 6.40, p = 0.001; d.f. = 1, F = 6.51, p = 0.002). These differences 
%#$),%3*$()K.)%)"-9"$#)1,,3##$',$)1<)&"$)+$%#0)5"-+#%.)5-&"-')&"$)LYM*)%<&$#)&"$)#%-'.)
season and the higher occurrence of the scalloped hammerhead shark and guitarfish 
K$<1#$)&"$)#%-'.)*$%*1')-')K1&")+#1&$,&$()%'()'1']+#1&$,&$()%#$%*)TO-93#$)bDbcXD

Species richness was influenced by the tidal phase (d.f. = 3, F = 3.75, p = 0.01), with 
&"$)"-9"$*&)'3/K$#)1<)*+$,-$*)($&$,&$()-')*%/+0$*)&%P$')(3#-'9)-',1/-'9)&-($)T`DbZ)
})VDU\)*++DX)TM++$'(-i)bDUXD)!"-*),1-',-($*)5-&")&"$)"-9"$#)+#1K%K-0-&.)1<)($&$,&-'9)&"$)
/1*&),1//1'0.)($&$,&$()*+$,-$*:)&"$)+$%#0)5"-+#%.:)(3#-'9)-',1/-'9)&-($)T(D<D)r)`:)R)
r)UD`\:)+)r)VDV_X)TM++$'(-i)bD^XD
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Although the distance to the Geba River had no signifi cant infl uence on the species 
#-,"'$**)%'()($&$,&-1')+#1K%K-0-&.)1<)%)*+$,-$*:)&"$)(-*&%',$)&1)&"$)'$%#$*&)/%'9#17$)
forest had a signifi cant infl uence on the probability of detecting three ray species, 
the pearl whipray, blackchin guitarfi sh, and the cownose ray C0%#"5$,&+)2$,%#7+/0#,&%)
/93)L"#+212) TO-93#$)bD^XD)=%/+0$*)&%P$')<3#&"$#)%5%.)<#1/)&"$)/%'9#17$)$(9$)"%()
%)"-9"$#)+#1K%K-0-&.)1<)($&$,&-'9)&"$)+$%#0)5"-+#%.) T(D<D)r)`:)àU)r)WDb:)+)r)VDV_X)%'()
C0%#"5$,&+) 2$,%#7+/0#,&%) /93) L"#+212) T(D<D) r) `:) àU)r) bDZ:) +) r) VDVUXD) ;') ,1'&#%*&:) &"$)
probability of detecting a blackchin guitarfi sh decreased when moving further from 
&"$)/%'9#17$)$(9$)T(D<D)r)`:)àU)r)WDV:)+)r)VDVbXD

Sampling eff ort and storage
Lastly, increased sampling eff ort correlated with an increase in the number of 
*+$,-$*)($&$,&$()-')13#)*&3(.D)!"$)/%i-/3/)*+$,-$*)#-,"'$**)T=)r)`_X)5%*)#$%,"$()
at 124 samples taken, which constitutes 96% of the total sampling eff ort of this study 
TM++$'(-i)bD_XD)F$)%0*1)($&$#/-'$()&"%&)$i&$'($()*&1#%9$)&-/$*)TVDV_)])[DU)"13#*X)
(3$)&1)&"$)#$/1&$'$**)1<)&"$)*&3(.)*-&$*)(-()'1&)'$9%&-7$0.) -/+%,&)&"$)'3/K$#)1<)
*+$,-$*)($&$,&$()T<5,+&*+#)#)r VDVZXD

Figure 5.4)=+$,-$*)#-,"'$**)])&"$)'3/K$#)1<)($&$,&$()*+$,-$*)])<1#)$7$#.)*%/+0-'9)+1-'&)5-&"-')
&"$)*&3(.)%#$%D)=%/+0-'9)+1-'&*)5-&")%) 015)*+$,-$*)#-,"'$**)%#$) -'(-,%&$()K.)%)*/%00).$0015j
1#%'9$)+1-'&:)%'()*%/+0-'9)+1-'&*)5-&")%)"-9")*+$,-$*)#-,"'$**)%#$) -'(-,%&$()K.)(%#P)+3#+0$)
,101#*)%'()%)0%#9$#)+1-'&D)=%/+0-'9)+1-'&*)5-&")'1)$0%*/1K#%',")*+$,-$*)($&$,&$()%#$)-'(-,%&$()
5-&"),#1**$()(1&*D
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Figure 5.5 The infl uence of season (A-C), marine protected areas (D-F) and their interaction 
K$&5$$')T2];X)1')&"$)<#$n3$',.)1<)1,,3##$',$)1<)%)*+$,-$*)TqOm)0$<&),103/'X:)*+$,-$*),1/+1*-&-1')
T@L?=m),$'&$#),103/'X:)%'()&"$)*+$,-$*)#-,"'$**)T=m)#-9"&),103/'XD)=+$,-$*)%#$)-'(-,%&$()K.)&"$-#)
diff erent colors, with the fi ve most common species indicated in the NMDS (FM = !"#$%$&'("#)
*+&(+&%$,--+:)C=G)r)C0%#"5$,&+)2$,%#7+/0#,&%)/93)L"#+212:)cC)r)F'5+#12)&17%2:)=6)r)<50'&#+)-,Z%#%)
/93)/"1+&7%:)26)r)A-+1/"2$,(12)/,*%/1-12XD
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E,&9/&&,.(
For eff ective marine conservation, information on species presence, richness, 

%'() ,1//3'-&.) ,1/+1*-&-1') -*) $**$'&-%0:) $*+$,-%00.) -') #$9-1'*) 5"$#$) #$*13#,$*)

<1#) ,1'*$#7%&-1') %#$) 0-/-&$(D) ;') #$/1&$:) "-9"0.) (.'%/-,) %'() 1<&$') "-9"0.) &3#K-()

ecosystems like intertidal areas, resolving data defi ciency of a species group can be 

,"%00$'9-'9)%*)/%'.)1&"$#)1K*$#7%&-1'%0)/$&"1(*)%#$)$-&"$#)3'*3-&%K0$)1#)#$n3-#$)

high research and fi nancial capacity. 

Figure 5.6) !"$) +#1K%K-0-&.) 1<) ($&$,&-'9) &"$) +$%#0) 5"-+#%.) TO1'&-&#.91') /%#9%#-&$00%:) OLX:)
the cownose ray Rhinoptera steindachneri cf. bonasus (RSB), and the blackchin guitarfi sh 
T20%3,1*&$93*),$/-,303*:)26X)5-&")-',#$%*-'9)(-*&%',$)<#1/)&"$)/%'9#17$)$(9$D

In this study, we aimed to solve data defi ciency of elasmobranch species in the remote 

%'()(.'%/-,)G-H%9I*)M#,"-+$0%91) -')23-'$%]G-**%3:),1/+%#-'9)%')$?@M)%++#1%,")
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with fisheries observer data. We confirmed the presence of 13 elasmobranch species 

TU)*"%#P*)%'()̀ `)#%.*:)-',03(-'9)[)&"#$%&$'$()*+$,-$*X)-')&"$)G-H%9I*)M#,"-+$0%91)3*-'9)

%') $?@M) %++#1%,":) -',03(-'9) &"$) *+%&-%0) (-*&#-K3&-1') 1<) &"$*$) &"#$%&$'$() *+$,-$*)

&"#139"13&) &"$)%#,"-+$0%91D)M')%((-&-1'%0)\) *+$,-$*:) -',03(-'9)[) ;>6@) &"#$%&$'$()

species, were solely detected by the fisheries observer program. In addition, our study 

confirms that species composition and richness of the elasmobranch community are 

mostly influenced by seasonal changes related to changes before and after the rainy 

season and less by differences between habitats (e.g., proximity to mangroves and 

$*&3%#.X)1#)+#1&$,&-7$)*&%&3*)1<)&"$)*%/+0-'9)%#$%D)A3#)#$*30&*)*"15)&"%&)%')$?@M)

approach can successfully be used to tackle data deficiency on the presence of 

&"#$%&$'$()*"%#P)%'()#%.)*+$,-$*)1')%) 01,%0)*,%0$) -')"-9"0.)(.'%/-,),1%*&%0)%#$%*:)

-',03(-'9)&"$)-'(-,%&-1')1<)+#-1#-&.)%#$%*)<1#)&"$),1'*$#7%&-1')1<),#-&-,%00.)$'(%'9$#$()

*+$,-$*D

9(&-$&,'(#&,&%-&'"%)')$,*#$>1*$+%
!"$)<13#)/1*&),1//1'0.)($&$,&$()*+$,-$*:)&"$)+$%#0)5"-+#%.:)*,%001+$()"%//$#"$%()

shark, smalltooth stingray and the blackchin guitarfish, were detected in sampling 

01,%&-1'*) &"#139"13&) &"$) %#,"-+$0%91D) !"$*$) #$*30&*) *399$*&) &"%&) &"$) G-H%9I*)

M#,"-+$0%91)-*)%')-/+1#&%'&)%#$%)<1#)&"$*$)$0%*/1K#%',")*+$,-$*D)61%*&%0)%#$%*)%#$)

P'15')&1)K$)-/+1#&%'&)'3#*$#-$*)1#)<$$(-'9)%#$%*)<1#)/%'.)$0%*/1K#%',")*+$,-$*)

TQ'-+),$)+-3)UV`VXD);'&$#&-(%0)%#$%*)*3,")%*)&"$)G-H%9I*)M#,"-+$0%91)%'()&"$)"%K-&%&*)-&)

+#17-($*),%')+0%.)%')-/+1#&%'&)#10$)%*)T*$%*1'%0X)<$$(-'9)#$<39-%)<1#)T$%#0.)0-<$)*&%9$*)

1<X)*"%#P*)%'()#%.*)T4$3#*),$)+-3)UVU_XD)O1#)$i%/+0$:)&"$)*,%001+$()"%//$#"$%()*"%#P)

-*) P'15') &1)3*$)*"%0015),1%*&%0)%#$%*)(3#-'9)$%#0.) 0-<$) *&%9$*)K$<1#$)/17-'9) &1)%)

/1#$)+$0%9-,)"%K-&%&)-')($$+$#)5%&$#*)T=-/+<$'(1#<$#)%'()L-05%#(:)`ZZ_:)B%'$00%),$)

+-3 2019). This is confirmed by our preliminary results of the observer program, which 

*"15*)&"%&)&"$)/%H1#-&.)1<)*,%001+$()"%//$#"$%(*),%+&3#$()5-&"-')&"$)%#,"-+$0%91)

%#$)-//%&3#$)T4$3#*:)3'+3K0-*"$()(%&%XD)

4-P$)/%'.)T$%#0.)0-<$)*&%9$*)1<X)$0%*/1K#%',")*+$,-$*)T@%9$0P$#P$'),$)+-3)UVV\:)F"-&$)

and Potter 2004), the blackchin guitarfish likely relies on the extensive mangrove 

<1#$*&*)1<)&"$)G-H%9I*)M#,"-+$0%91D)A3#)#$*30&*)*"15)%)"-9"$#)+#1K%K-0-&.)1<)($&$,&-'9)

&"-*)*+$,-$*),01*$)&1)&"$)/%'9#17$*:)5"-,"),1-',-($*)5-&")&"$),%&,"$*)1<)'$5K1#'*)

%'() .13'9]1<]&"$].$%#) -'(-7-(3%0*) ,01*$) &1) &"$) /%'9#17$) $(9$:) *399$*&-'9) &"-*)

*+$,-$*) 3*$*) &"$)/%'9#17$) $(9$) %*) %) '3#*$#.) "%K-&%&) T4$3#*:) 3'+3K0-*"$() (%&%XD

M0&$#'%&-7$0.:) <1#) &"$) +$%#0) 5"-+#%.:) %00) 0-<$) *&%9$*) %#$) 0-P$0.) &1) 3*$) ,1%*&%0) %#$%*:)

-',03(-'9)-'&$#&-(%0)"%K-&%&*:)<1#)<$$(-'9)T60$/$'&*),$)+-3)UVUU:)@%3&%),$)+-3)*3K/-&&$(XD)
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The relative abundance of the species is potentially site-specific, as the pearl whipray 

-*)1'$)1<)&"$)/1*&),%+&3#$()*+$,-$*)-')1&"$#),1%*&%0)%#$%*)-')!"$)2%/K-%)%'()=$'$9%0)

TL11#$),$)+-3)UV`Z:)a%K%(1),$)+-3)UVU`X:)K3&),%&,"$*)-')&"$)G%',)(JM#93-')-')L%3#-&%'-%)

%#$)015)T4$/#%K1&&)UVU_XD)

Rare species like the largetooth sawfish (E&%2$%2) 5&%2$%2) and African wedgefish 

TC0'#/0"L+$"2) -1,LL,&$%X)5$#$)'1&)($&$,&$() -')&"-*)*&3(.D Sawfishes are considered 

to be extinct from the West African region, with the last documented sawfish record 

1#-9-'%&-'9) <#1/) UVVW) <#1/) &"$) G-H%9I*) M#,"-+$0%91) TC1K-00%#() %'() =$#$&) UVV^:)

?-1+) %'() ?1**%) UV``:) 4$$'$.) %'() Y1',$0$&) UV`bXD) AK*$#7%&-1'*) 1<) &"$) M<#-,%')

wedgefish are increasingly rare within the region (Moore 2017). However, recent in-

depth interviews and photographic evidence with fishers confirmed the capture of 

1'$)*+$,-/$')-')L%#,")UVU`)-')&"$)G-H%9I*)T4$3#*),$)+-3)3'+3K0-*"$(XD)@17$0)$?@M)

approaches have a higher sensitivity for species-specific detection of rare and cryptic 

*+$,-$*),1/+%#$()&1)&"$)%++#1%,"$*)3*$()-')13#)*&3(.)T$D9D:)?#1+0$&)?-9-&%0)Y6C:)*$$)

4$"/%'),$)+-3)UVUVXD

Effects of season and protective status
F$)*"15$()&"%&)*+$,-$*),1/+1*-&-1')%'()#-,"'$**)1<)$0%*/1K#%',"),1//3'-&-$*)-')

the Bijagós Archipelago are mainly influenced by seasonality, with a higher species 

richness before the rainy season resulting in different species composition across the 

two seasons. The region’s rainy season causes freshwater influx between June and 

October, significantly lowering salinity levels (Lafrance 1994, Cross 2014). As salinity 

,%')K$)1'$)1<)&"$)/1*&)-/+1#&%'&)(#-7$#*)1<)$0%*/1K#%',")*+$,-$*),1/+1*-&-1')-')

$*&3%#-'$)%#$%*)TY03/0$$),$)+-3)UV`\X:)-&)-*)0-P$0.)&"%&)&"$)1K*$#7$#),"%'9$*)%#$),%3*$()

by changes in the abundance of species. In the Bijagós Archipelago, the differences 

between the two seasons are likely caused by the blackchin guitarfish and scalloped 

hammerhead shark, the presence of which was significantly lower after the rainy 

season. The fact that the movements of hammerhead sharks and guitarfishes can 

be influenced by changes in precipitation has been confirmed for other coastal 

%#$%*)Tc$'*0$.),$)+-3)`ZZ\:)61#91*)%'()C1*$'($]Y$#$-#1)UVUUXD)c15$7$#:) -',#$%*$()

+#$,-+-&%&-1')"%*)%0*1)K$$')0-'P$()&1)-',#$%*$()%7%-0%K-0-&.)1<),#3*&%,$%'*:)&"$)/%-')

prey of many guitarfishes (Lara-Mendoza ,$) +-3) UV`bXD) M) ($,#$%*$) ,%') %0*1) ,%3*$)

$0%*/1K#%',") *+$,-$*) &1)/17$) %5%.) <#1/) ,1%*&%0) %#$%*) (3$) &1) "-9"$#)/$&%K10-,)

#%&$*)%**1,-%&$()5-&")/%-'&%-'-'9)1*/1#$930%&-1') TL$01'-),$)+-3)UVVUXD)A3#)#$*30&*)

suggest that the blackchin guitarfish and scalloped hammerhead shark possibly 

/17$)&1)5%&$#*)5-&")%)#$0%&-7$0.)"-9"$#)*%0-'-&.)(3#-'9)1#)#-9"&)%<&$#)&"$)#%-'.)*$%*1'D
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O3#&"$#/1#$:)13#)#$*30&*)*"15)&"%&)&"$)#-,"'$**)%'(),1/+1*-&-1')1<)$0%*/1K#%',")

*+$,-$*) 5$#$) *-/-0%#) K$&5$$') *%/+0$*) &%P$') <#1/) +#1&$,&$() %'() '1']+#1&$,&$()

areas. This can be explained by the influences of horizontal water mixing due to 

&-(%0),3##$'&*) TL-.%)UVUUX)1#)K.)&"$)/1K-0-&.)1<)*"%#P)%'()#%.)*+$,-$*:)5"-,") 0-P$0.)

/17$)K$&5$$')+#1&$,&$()%'()'1']+#1&$,&$()%#$%*)5-&"-')&"$)%#,"-+$0%91D)M'1&"$#)

explanation for the fact that no differences were found between protected and 

non-protected waters is the continued (targeted) fishing of elasmobranchs within 

K1&") %#$%*) TL1#%'9"%H191) UV`U)D) !"$*$) #$*30&*) *399$*&) &"%&) &"$) $?@M) %++#1%,")
,%') *3,,$**<300.) ($&$#/-'$) ,"%'9$*) -') *+$,-$*) ,1/+1*-&-1') 1<) $0%*/1K#%',")

,1//3'-&-$*)%,#1**)*$%*1'*)%'()"%K-&%&*)-')(.'%/-,),1%*&%0)%#$%*D

eDNA-based monitoring of elasmobranch communities
The eDNA approach and fishery observer program differed in the number of 

*+$,-$*)&"%&)5$#$)#$,1#($(:)*399$*&-'9)&"%&)%),1/K-'%&-1')1<)/1'-&1#-'9)/$&"1(*)

-*)#$,1//$'($()<1#)%),1/+0$&$)17$#7-$5)1<)&"$)$0%*/1K#%',"),1//3'-&.)-')"-9"0.)

(.'%/-,)T,1%*&%0X)$'7-#1'/$'&*)TY10%',1)O$#'%'($R),$)+-3)UVU`XD)$?@M]%++#1%,"$*)

"%7$) K$$') ($*,#-K$() &1) #$*107$) &"$) +"%'&1/) (-7$#*-&.) 1<) *"%#P*) %'() #%.*) T;+) ,$)

+-3) UVU`XD)c15$7$#:) -')13#) *&3(.:)'1) *"%#P) *+$,-$*)1<) &"$)9$'3*).+&/0+&0%#12)5%*)

($&$,&$()3*-'9)&"$)$?@M)%++#1%,":)($*+-&$)*+$,-$*)<#1/)&"$)9$'3*)K$-'9)#$,1#($()

amongst catches of the small-scale fisheries. Moreover, the large majority of eDNA 

#$%(*) %**-9'$() &1) $0%*/1K#%',"*) 5$#$) %**-9'$() &1) #%.) *+$,-$*) T\UD[qXD) Y1**-K0$)

explanations for differences in relative read abundance in eDNA approaches are 

differences in mobility or site fidelity of species, physiological differences, or the use 

1<)&"$)$?@M)/$&"1(1019.)-&*$0<D)="%#P*)%#$)9$'$#%00.)&"139"&)&1)/17$)17$#) 0%#9$#)

(-*&%',$*),1/+%#$()&1)K$'&"-,)#%.)*+$,-$*)TG#%,,-'-),$)+-3)UV`^XD)!"-*)/%.),%3*$)?@M)

,1',$'&#%&-1'*) 1<)/1#$)/1K-0$) *+$,-$*) &1) K$) 015) ,1/+%#$() &1) *+$,-$*)5-&") "-9")

fidelity to the sample site. However, the differences in DNA shedding rates between 

*+$,-$*),%')%0*1),%3*$)%)K-%*)-')#$0%&-7$)#$%()%K3'(%',$)5-&"-')/%#-'$),1//3'-&-$*)

T!#h93-$#),$)+-3)UV`W:)=&$5%#&)UV`ZXD)G$'&"1+$0%9-,)/.0-1K%&-()#%.*)T-D$D:)$%90$)#%.*X)

$i,#$&$) ,1'*-($#%K0.)/1#$)/3,3*) ,1/+%#$() &1)1&"$#)$0%*/1K#%',") *+$,-$*) T$D9D:)

guitarfish, sharks) (Meyer and Seegers 2012), possibly causing an imbalance in the 

($&$,&-1')1<) #%.*) %'() *"%#P) *+$,-$*)5"$') &"$)5"10$) $0%*/1K#%',") ,1//3'-&.) -*)

studied. However, another likely explanation for the differences could be caused by a 

015$#)1,,3##$',$)1<)*"%#P*)5-&"-')&"$)%#,"-+$0%91)(3$)&1)&"$-#),1'&-'3$()$i+01-&%&-1')

in and outside the archipelago. Differences in relative read abundances may also 

"%7$) %)/$&"1(1019-,%0) 1#-9-'D) O1#) $i%/+0$:) Y6C) ,1'(-&-1'*)/-9"&) <%71#) &"$) ?@M)
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amplification of specific species (Miya 2022). For this reason, we used two different 

+#-/$#*)&1)%/+0-<.)#%.)%'()*"%#P)?@M)-')$%,")*%/+0$)*$+%#%&$0.)%'()+110$()&"$)Y6C)

+#1(3,&*)+#-1#)&1)*$n3$',-'9D)!"$)*&1#%9$)&-/$)1<)*%/+0$*)T-D$D:)&-/$)K$&5$$')*%/+0$)

collection and fixation) can influence the read abundance (Eichmiller ,$) +-3) UV`^XD)

c15$7$#:) *&1#%9$) &-/$) -') 13#) *&3(.)5%*) '1&) ,1##$0%&$()5-&") %) ,"%'9$) -') *+$,-$*)

#-,"'$**D)F$)$/+"%*-R$)&"%&)&"$)&#%'*0%&-1')1<)#$0%&-7$)#$%()%K3'(%',$)&1)#$0%&-7$)

*+$,-$*) %K3'(%',$) *"130() K$) (1'$) 5-&") ,%3&-1') %'() #$,1//$'() &"%&) ]) -<) 0-P$0.)

factors influencing relative read abundance are not addressed - eDNA-data should 

K$)&#%'*0%&$()-'&1)&"$)+#$*$',$j%K*$',$)1<)*+$,-$*)T!#h93-$#),$)+-3)UV`W:)G%#'$*)%'()

!3#'$#)UV`^:)=&$5%#&)UV`Z:)L-.%)UVUUXD

?@(.$-"*$+%,'7+#'&.",@+>#"%-;'@+%$*+#$%5'"%)'-+%,&#0"*$+%
!"$) $?@M) %++#1%,") 3*$() -') 13#) *&3(.) *3,,$**<300.) ($&$,&$() $0%*/1K#%',") *+$,-$*)

&"#139"13&)&"$)*&3(.)%#$%)K3&)<%-0$()&1)($&$,&)*1/$)*+$,-$*)&"%&)5$#$)($&$,&$()-')&"$)

fisheries observer program. Other studies have concluded that the combination of eDNA-

approaches with conventional monitoring methods, such as the collection of fisheries 

(%&%:)3'($#5%&$#)7-*3%0),$'*3*)%'()TK%-&$(X)7-($1)/1'-&1#-'9:),%')-/+#17$)&"$)n3%0-&.)

1<),100$,&$()(%&%)TG13**%#-$),$)+-3)UV`\:)G3((),$)+-3)UVU`:) ;+),$)+-3)UVU`XD)61'7$'&-1'%0)

/$&"1(*)1<&$')3'($#$*&-/%&$)&"$)+#$*$',$)1<),#.+&-,)%'()#%#$)$0%*/1K#%',")*+$,-$*:)

are selective to specific species (e.g., due to elusiveness or selection bait used), or are 

less suitable to be used in specific areas (e.g., due to limited underwater visibility or a 

lack of fisheries to monitor). Hence, the locality of the study area and the elasmobranch 

,1//3'-&.) %&) "%'() ($&$#/-'$*) 5"-,") ,1/K-'%&-1') 1<)/1'-&1#-'9)/$&"1(*) -*)/1*&)

%++#1+#-%&$:)%0*1),1'*-($#-'9)&"$)1KH$,&-7$*)1<)&"$)/1'-&1#-'9)+#19#%/D

A3#)#$*30&*)*399$*&)&"%&)&"$)0%#9$)/%H1#-&.)TbWqX)1<)*"%#P)%'()#%.)*+$,-$*)($&$,&$()

-')&"-*)*&3(.)%#$)&"#$%&$'$()5-&")$i&-',&-1')1')%)901K%0)*,%0$D) ;')%((-&-1':) -')/1#$)

&"%')"%0<)1<)&"$)*%/+0$*),100$,&$(:)'1)*"%#P)1#)#%.)?@M)5%*)($&$,&$(:)%'()1'0.)&51)

shark species were identified based on the eDNA approach: the milk shark and the 

*,%001+$()"%//$#"$%()*"%#PD)80%*/1K#%',"*)5-&"-')&"$)5-($#)F$*&)M<#-,%')#$9-1')

%#$)%&)#-*P)1<)K$-'9),%39"&)5-&"-'),1%*&%0)%#$%*)0-P$)&"$)G-H%9I*)M#,"-+$0%91)K.)%#&-*%'%0)

small-scale fisheries (Lemrabott 2023, Moore ,$)+-3 2019) or by industrial fisheries on 

&"$)13&$#)$(9$*)1<)&"$*$)%#$%*)1',$),$#&%-')*+$,-$*)0$%7$)&"$-#),1%*&%0)"%K-&%&*)T$D9D:)

1'&19$'$&-,) "%K-&%&) *"-<&*j/-9#%&-1'*X) TB$$K$#9),$) +-3) UVV^:) 4$3#*),$) +-3) UVU`XD) !"$)

fishing effort of both types of fisheries has increased over the past decade and is a 

&"#$%&)&1)&"$),1'*$#7%&-1')*&%&3*)1<)*"%#P*)%'()#%.*)5-&"-')&"$)5-($#)F$*&)M<#-,%')

#$9-1')T6%/+#$(1')%'()63n)UVV`:)?1**%)%'()?-1+)UV``:)Q#11(*/%),$)+-3)UV`\XD)
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A3#) #$*30&*) *"15) &"%&) %') $?@M) %++#1%,") &1) $0%*/1K#%',") /1'-&1#-'9) ,%')

*3,,$**<300.)K$)3*$()-')"-9"0.)(.'%/-,),1%*&%0)%#$%*)5-&"),1'&-'3$()"-9")$i+01-&%&-1')

of elasmobranchs to address the data deficiency on elasmobranch presence, 

(-*&#-K3&-1')%'(),1//3'-&.),1/+1*-&-1'D)8*+$,-%00.)5"$')&"-*)/$&"1()-*),1/K-'$()

with conventional monitoring methods such as the collection of fisheries-dependent 

(%&%D)!"$)-'<1#/%&-1')1<)&"-*)'17$0),1/K-'%&-1')1<)&$,"'-n3$*)+#17-($*)*10-()$7-($',$)

on the distribution and status of threatened shark and ray species that benefits the 

more effective conservation of remote and highly dynamic coastal ecosystems.

;9%(.T12)NU2(4&
!"-*) 51#P) 5%*) <3'($() &"#139") &"$) ;@@A<1'(*) 1<) &"$) F1#0() F-0(0-<$) O3'()

@$&"$#0%'(*:) &"$) EF%($#*)1<) &"$)G-H%9I*J)+#1H$,&)1<) &"$)LMNM)O13'(%&-1':)%'()&"$)

="%#P)61'*$#7%&-1')O3'(D)42)5%*)<3'($()K.)@FA)9#%'&)V`^DN8@;D`\`DV\[D)F$)5130()

0-P$)&1)&"%'P)&"$)$'&-#$),#$5)1<)&"$);'*&-&3&1)(%)G-1(-7$#*-(%($)$)(%*)É#$%*)Y#1&$9-(%*)

and the local fishers with whom we have collected the samples for this study for the 

close collaboration. We thank Peter de Knijff and Rick de Leeuw for their help with 

($*-9'-'9)&"$)*$n3$',-'9)+#1&1,10)%'()K-1-'<1#/%&-,*)%'%0.*$*:)%'()<1#)*$n3$',-'9)

13#) *%/+0$*) %&) &"$) ?$+%#&/$'&) 1<) c3/%') 2$'$&-,*:) 4$-($') >'-7$#*-&.) L$(-,%0)

6$'&#$)T!"$)@$&"$#0%'(*XD)F$)5130()0-P$)&1)&"%'P)!"-/1)L30($#)<1#)%**-*&-'9)-')&"$)

0%K1#%&1#.)%'()a10%'(%)G#1'*)%'()L%#,1)7%')($#)N$0($)<1#)%(7-,$)1')0%K)+#1,$(3#$*)

%'()&"$)3*$)1<)$n3-+/$'&D)4%*&0.:)&"$)%3&"1#*)5130()0-P$)&1)&"%'P)Q%*+$#)L$-H$#)<1#)

<$$(K%,P)1')&"$)%'%0.*-*D
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Over the past five years, our team has studied the sharks and rays of the 

Bijagós Archipelago. During our expeditions, we worked with local fishers, 

conducted scientific fishing surveys (i.e., catch and release), interviewed fishers, 

%'(),1'(3,&$() 0%'(-'9)*-&$)%'()/%#P$&)*3#7$.*D)G$015:)5$)+#$*$'&) -/+1#&%'&)

1K*$#7%&-1'*)&"%&)"%7$)'1&)T.$&X)K$$')+3K0-*"$(D

5$+74,9'#()'21/&,Z2

The African wedgefish (C0'#/0"L+$12) -1,LL,&$%) is the only species of wedgefish 

&"%&)1,,3#*)5-&"-')&"$)#$9-1')T-D$D:)L%3#-&%'-%)&1)?$/1,#%&-,)C$+3K0-,)1<)61'91XD)

However, its range and abundance have significantly decreased over the past 

decades (Kyne and Jabado 2019). However, in March 2021, during our fisheries 

*3#7$.*)T-D$D:)!"#$%&'(8) with local researcher Assana Camará, we confirmed the 

first observation of this species within the waters of the Bijagós since 2006 (Figure 
9); Moore 2017). This large male African wedgefish was captured near the island 

1<)G101/%)%'()/$%*3#$()%++#1i-/%&$0.)`\V)&1)UWV),/)-')&1&%0)0$'9&"D)!"$)*+$,-$*)

is likely captured more often in the Bijagós, as fishers referred to this species as 

‘casapai pintado’ (spotted guitarfish) and indicated catching this species in recent 

.$%#*D)!"-*)*399$*&*)&"%&)&"-*)*+$,-$*)*&-00)1,,3#*)-')&"$)G-H%9I*)%'()&"%&)&"$)%#$%)

/%.)K$)%')-/+1#&%'&)#$<39$)<1#)&"-*),#-&-,%00.)$'(%'9$#$()*+$,-$*D)

!"$)#$0%&-7$0.)0%#9$)&"1#'.)5"-+#%.)T!"#$%$&'("#)185+*X)5%*)-'-&-%00.)1'0.)P'15')
<#1/)<#$*"5%&$#)0%P$*)%'()#-7$#*)<#1/)@-9$#-%)&1)&"$)?$/1,#%&-,)C$+3K0-,)1<)61'91)
T4%*&),$)+-3 2016). However, in February 2019, we sampled a fishing boat that had 
H3*&),%+&3#$()<13#)*+$,-/$'*)-')&"$)T/%#-'$X)5%&$#*)%#13'()&"$)-*0%'()1<)A#%'91D)

!!

Figure D1 The African wedgefish (C0'#/0"L+$12)
-1,LL,&$%m)0$<&X)%'()&"$)&"1#'.)5"-+#%.)T!"#$%$&'("#)
185+*m) #-9"&X) 5$#$) ,%+&3#$() -') &"$) G-H%9I*)
M#,"-+$0%91D



``_

!"#$%&'()*+#,-&.%/0+(%0(.1#(2%3&45+

!

We confirmed species identification by genetic sequencing in collaboration with 

&"$)O01#-(%)L3*$3/)<1#)@%&3#%0)c-*&1#.)T-D$D:)"1/$)&1)&"$),3#%&$()(%&%K%*$)1<)

the Chondrichthyan Tree of Life project). We determined this was a significant 

#%'9$) %'() "%K-&%&) $i&$'*-1') <1#) &"-*) *+$,-$*D) G%*$() 1') &"$) P'15') *-R$]%&]

K-#&") 1<) &"-*) *+$,-$*) T~_V,/) (-*,) 5-(&"X:) &"$*$) <13#) -'(-7-(3%0*) #$+#$*$'&$()

$%#0.) 0-<$) *&%9$*) T_Z]WW) ,/) (-*,) 5-(&"XD) M*) %) #$*30&:) &"-*) #%'9$) $i&$'*-1') -*)

'15) -',03($() -') &"$) 0%&$*&) ;>6@) C$() 4-*&) %**$**/$'&) 1<) &"-*) *+$,-$*:) 5"-,")

($&$#/-'$() &"$) *+$,-$*) &1) K$) ,#-&-,%00.) $'(%'9$#$() Ta%K%(1) ,$) +-3) UVU`XD

In addition, we confirm that large-bodied sharks are still present within the 

%#,"-+$0%91D) 4%#9$) T!U/) &1&%0) 0$'9&"X) '3#*$) *"%#P*) TA%#(-'*"2$"*+) /%&&+$1*X)

%'() &-9$#) *"%#P*) TA+-,"/,&7") /1B%,&) were observed during scientific research 

%'()0%'(-'9)*-&$)*3#7$.*D)4%#9$)K300)*"%#P*)T.+&/0+&0%#12)-,1/+2X)5$#$)1K*$#7$()

K#$%,"-'9)13&)1<)&"$)5%&$#),1/+0$&$0.:)5"-,")"%*)K$$')($*,#-K$()&1)K$)-'(-,%&-7$)

1<)<$$(-'9)K$"%7-1#)-')H37$'-0$*)1<)&"$)*+$,-$*)T63#&-*)%'()L%,$*-,)UV``XD)

D2T0.$(&'#()'7.42(4,#1'(/$&2$+'#$2#&

61%*&%0:) *"%0015]5%&$#) %#$%*) 0-'$()5-&")/%'9#17$) <1#$*&*) *3,") %*) &"$)G-H%9I*)

M#,"-+$0%91) %#$) 1<&$') -/+1#&%'&) #$<39$) %'() '3#*$#.) %#$%*) <1#) &"$) $%#0.) 0-<$)

*&%9$*) 1<) $0%*/1K#%',") *+$,-$*) TQ'-+) ,$) +-3) UV`VXD) c15$7$#:) &"$) 7%03$) 1<) &"$)

G-H%9I*)%*)%)+1&$'&-%0)'3#*$#.)%#$%)<1#)*"%#P*)%'()#%.*)#$/%-'*)3',0$%#D)?3$)&1)%)

large number of catches of newborn blackchin guitarfish (A-+1/"2$,(12)/,*%/1-12X)

-')*"%0015]5%&$#)/%'9#17$)"%K-&%&*)17$#)&"$)+%*&).$%#*:)5$),%'),1',03($)&"%&)

&"$*$)/%'9#17$)"%K-&%&*)%#$)0-P$0.)-/+1#&%'&)'3#*$#.)"%K-&%&*)<1#)&"-*),#-&-,%00.)

$'(%'9$#$()*+$,-$*D)F$)#$930%#0.),%+&3#$()*+$,-/$'*)K$&5$$')_V)&1)_b),/)-')

0$'9&")5-&")#$/'%'&*)1<)&"$)3/K-0-,%0),1#(:) -'(-,%&-'9)K-#&")5-&"-')&"$)0%*&)~`W)

(%.*)TFigure D2m)?$K%$#$),$)+-3 2023). Blackchin guitarfish can reach a maximum 

&1&%0)0$'9&")1<)U^b),/)T4%*&),$)+-3)UV`^XD)=-/-0%#0.:)5$),%+&3#$()%'()(1,3/$'&$()

'$5K1#')+$%#0)5"-+#%.*)T!"#$%$&'("#)*+&(+&%$,--+X:)K0%,P&-+)*"%#P*)T.+&/0+&0%#12)

-%*L+$12X:)K300)*"%#P*)T.+&/0+&0%#12) -,1/+2X:)%'()*,%001+$()"%//$#"$%()*"%#P*)

T<50'&#+)-,Z%#%X)1<)5"-,")3/K-0-,%0)*,%#*)5$#$)'1&)<300.),01*$()T-D$D:)%')-'(-,%&-1')

1<)K-#&")5-&"-')&"$)+%*&)"_^)(%.*:)?$K%$#$),$)+-3)UVU_XD);')%((-&-1':)5$)1K*$#7$()

+#$9'%'&)%'()'$%#]&$#/)<$/%0$*)1<)/-0P)*"%#P*)TC0%="5&%"#"7"#X)%'()!"#$%$&'("#]

*+$,-$*),%+&3#$()5-&"-')&"$)5%&$#*)1<)&"$)%#,"-+$0%91D
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Figure 96 A newborn blackchin guitarfish (A-+1/"2$,(12)/,*%/1-12X)5-&")#$/'%'&*)1<)&"$)
3/K-0-,%0)*,%#)7-*-K0$)TK1&&1/XD
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Chapter 6

Abstract
The pearl whipray Fontitrygon margaritella (Compagno and Roberts 1984) is a common 

elasmobranch in coastal western African waters. However, knowledge of their life 

history and trophic ecology remains limited. Therefore, we aimed to determine the 

growth, maturity and diet of F. margaritella from the Bijagós Archipelago in Guinea-

Bissau. Growth was modeled using von Bertalanffy, Gompertz and logistic functions. 

Model selection revealed that no model significantly outperformed another. The 

sampled age ranged from less than one year to seven years (1.8 ± 1.9 cm, mean ± 

standard deviation), and size (disc width) ranged from 12.2 cm to 30.6 cm (18.7 ± 

5.2 cm). Size-at-maturity was estimated at 20.3 cm (95% CI: 18.8-21.8 cm) for males 

and 24.3 cm for females (95% CI: 21.9-26.5 cm), corresponding to ages of 2.2 and 

3.9 years. The diet differed significantly among young-of-the-year (YOY), juveniles 

and adults (p = 0.001). Diet of all life stages consisted mainly of crustaceans (27.4%, 

28.5%, 33.3%) and polychaetes (12.5%, 26.7%, 20.3%), for YOY, juveniles and adults, 

respectively. This study shows that F. margaritella is relatively fast-growing, matures 

early and experiences ontogenetic diet shifts. These results contribute to status 

assessments and conservation efforts of F. margaritella and closely related species.
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!"$)%K3'(%',$)1<)*"%#P*)%'()#%.*)T-D$D:)$0%*/1K#%',"*X)-*)1<&$'),1'*-($#$()%')-'(-,%&1#)

1<)"$%0&".)/%#-'$)$,1*.*&$/*:)%* &"$*$)*+$,-$*)"%7$)-/+1#&%'&)$,1019-,%0)#10$*)%*)

&1+)%'()/$*1+#$(%&1#*D) !"$-#)+1+30%&-1') &#$'(*)/%.) -'(-,%&$)17$#$i+01-&%&-1')1<)

these species, which can potentially alter ecosystem functioning (Barría ,$)+-3)UV`b:)

O015$#*),$)+-3)UVU`:)@%7-%),$)+-3)UVV[:)N%3(1)%'()c$-&"%3*:)UV``XD)?$&$#/-'-'9)*3,")

+1+30%&-1')&#$'(*)#$n3-#$*) -'<1#/%&-1')%K13&)&"$)0-<$)"-*&1#.)1<)%)*+$,-$*:)*3,")%*)

the age-at-maturity, maximum age and growth coefficients (Mejía-Falla ,$)+-3)UV`WXD)

M) 0%,P) 1<) P'150$(9$) 1<) 0-<$]"-*&1#.) +%#%/$&$#*) ,%') -/+%-#) &"$) *&%&3*) %**$**/$'&)

of elasmobranch species, hampering effective management of these K-selected 

*+$,-$*)T%3,3:)0%&$)/%&3#-&.:)015)<$,3'(-&.)%'()*015)9#15&"X)T;*/$')UVV_:)AJ="$%),$)+-3

UV`_XD)O3#&"$#/1#$:)3'($#*&%'(-'9) &"$) &#1+"-,)$,1019.)1<)%)*+$,-$*) -*) #$n3-#$() &1)

($&$#/-'$)%)*+$,-$*J)$,1019-,%0)#10$)5-&"-')%')$,1*.*&$/)TN%3(1)%'()c$-&"%3*)UV``XD)

!"$) &#1+"-,)$,1019.)1<)%)*+$,-$*),%')"$0+)($&$#/-'$) &"$)*&#3,&3#-'9) #10$*:)$'$#9.)

flow, and bioaccumulation of ecological contaminants within an ecosystem (Bowes 

%'()!"1#+)UV`b:)L%,@$-0),$)+-3)UVVbXD !"3*:)3'($#*&%'(-'9)&"$)0-<$)"-*&1#.)%'()&#1+"-,)

$,1019.)1<)-'(-7-(3%0)*+$,-$*)-*)%')$**$'&-%0)*&$+)-')+#$*$#7-'9)$,1*.*&$/)<3',&-1'*)

%'()*$#7-,$*)T6100),$)+-3)UV`_XD

Elasmobranch species off the West African coast remain largely unstudied, with the 

'$,$**%#.)(%&%)<1#)+1+30%&-1')&#$'()%'%0.*-*)%'(),1'*$#7%&-1')*&%&3*)1<&$')/-**-'9D)

!"-*) -*) $*+$,-%00.) &"$) ,%*$) <1#) $'($/-,) *+$,-$*) -') &"$) #$9-1':) 0-P$) !3) *+&(+&%$,--+D)

Although this species is one of the most common species in coastal fisheries 

&"#139"13&) &"$) #$9-1':) -&*) 0-<$]"-*&1#.) ,"%#%,&$#-*&-,*) %'() &#1+"-,) $,1019.) #$/%-')

+11#0.)3'($#*&11()TL11#$),$)+-3)UV`ZXD !"-*)*+$,-$*)#%'9$*)<#1/)L%3#-&%'-%)&1)M'910%:)

%'()-&),%')K$)<13'()-')*"%0015)/%#-'$)%'()$*&3%#-'$)*1<&]K1&&1/)"%K-&%&*)TL%#*"%00)

%'()6#1'-')UV`^XD)!"$)/%i-/3/)%&&%-'$()*-R$)-*)&"139"&)&1)K$)%#13'()_W),/:)%'()

<$/%0$*),%')"%7$)3+)&1)_)+3+*)+$#)0-&&$#)TL11#$),$)+-3)UV`ZXD)>'($#*&%'(-'9)&"$)0-<$)

"-*&1#.)%'()&#1+"-,)$,1019.)1<)!3)*+&(+&%$,--+)/%.)%0*1)+#17-($)K#1%($#)-'*-9"&*)-'&1)

&"$)K-1019.)1<)1&"$#)!"#$%$&'("#Pspecies, which mostly occur in data-deficient regions 

off West Africa and the northern coast of South America. Here, we aim to fill a critical 

P'150$(9$)9%+)*3##13'(-'9)&"-*)*+$,-$*)K.)($&$#/-'-'9)&"$)9#15&":)*-R$])%'()%9$]

%&]/%&3#-&.:)%'()(-$&)1<)!3)*+&(+&%$,--+)<#1/)&"$)G-H%9I*)M#,"-+$0%91)-')23-'$%]G-**%3D
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The Bijagós Archipelago comprises 88 islands and islets and is located off the coast of 

23-'$%]G-**%3D)!"$)%#,"-+$0%91)-*)0-*&$()%*)%)>@8=6A)G-1*+"$#$)C$*$#7$)%'()CML=MC)

*-&$D)!"$),1%*&%0) R1'$)1<) &"$)%#,"-+$0%91),1'*-*&*)1<)/%'9#17$) <1#$*&*:) *1<&]K1&&1/)

intertidal flats, gullies and deep channels. We collected ray specimens between October 

and December 2019 from artisanal fishers and were caught around Urok (11.4833° 

@:) `bDZ^^[z)FX:) G3K%n3$) T``DUWW\z)@:) `bD\[V`z)FX:) =19%) T``D_bVVz)@:) `bD\^^[z)FX)

%'()A#%'91)T``DUWZWz)@:)`^UU`Uz)FX)1#)<#1/)%')3'P'15')01,%&-1')5-&"-')&"$)G-H%9I*)

Archipelago (Figure 6.1). All rays were stored in a field freezer (-10°C) until processing.!1)

rule out any misidentification of this species with the related daisy whipray (!"#$%$&'("#)

*+&(+&%$+), we sequenced tissue samples of the pelvic fins for species identification. 

!"-*)5%*)(1'$)3*-'9)&"$)M=@L)%'()6"-/$#%O)+#-/$#)TkMM22M6!M6!!!2M!M2M2!l)%)

7%#-%'&)1<);48LX)%(%+&$()<#1/)@%.01#),$)+-3)TUV`UXD

Figure 6.1 A7$#7-$5)1<) &"$)*&3(.)*-&$*) -') &"$)G-H%9I*)M#,"-+$0%91:)23-'$%]G-**%3D !"$),101#*)
indicate the different sampling regions and their respective sample sizes (purple = Urok, 
1#%'9$)r)=19%:)9#%.)r)G3K%n3$:)%'()9#$$')r)A#%'91XD)=+$,-/$'*)<1#)5"-,")&"$)1#-9-')5-&"-')&"$)
archipelago could not be confirmed were labeled as ‘location unknown’.
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For this study, we collaborated with the local fishing communities within the Bijagós 

Archipelago. All rays were obtained from catches by local fishers and were solely captured 

<1#),1'*3/+&-1'D)M<&$#),100$,&-'9)&"$)#$n3-#$()*%/+0$*:)%00) #%.*)5$#$)#$&3#'$()&1) &"$)

01,%0),1//3'-&-$*)<1#),1'*3/+&-1'D)M00)#%.*)5$#$)($,$%*$()%&)&"$)&-/$)1<)*%/+0-'9D)M00)

#$*$%#,")%'()3*$)1<)%'-/%0*)5%*),1'(3,&$()5-&")+$#/-**-1')%'()+$#)&"$)#$930%&-1'*)1<)

&"$);'*&-&3&1)(%)G-1(-7$#*-(%($)$)(%*)É#$%*)Y#1&$9-(%*)T;GMYX:)&"$)#$*+1'*-K0$)'%&-1'%0)

-'*&-&3&$)-')23-'$%]G-**%3)T#$<$#$',$)'3/K$#S)_Z^j;GMYjUV`Z)%'()_Z_j;GMYjUV`ZXD

Age and Growth
O1#)$%,")-'(-7-(3%0)&"%&)5%*)*%/+0$(:)5$)#$,1#($()*$i:)K1(.)*-R$)%*)(-*,)5-(&")8!"9!
%'() &1&%0) 0$'9&") 8#$9 and weight. In addition, five to ten anterior vertebrae were 

*&1#$()-')[Vq)$&"%'10)<1#)$%,")-'(-7-(3%0D);')&"$)0%K1#%&1#.:)7$#&$K#%$)5$#$),0$%'$()

by removing excess tissue, after which one vertebra per individual was fixated in 

,0$%#)$+1i.)#$*-')TY10.]Y1i)!cà)bVV)#$*-')%'()Y10.]Y1i)`bb)"%#($'$#X)<10015-'9)&"$)

-'*&#3,&-1'*)1<)6%/+%'%) TUV`WXD)M) ,$'&$#$()*%9-&&%0) ,#1**]*$,&-1')5-&")%) &"-,P'$**)

1<)bVV)â/)5%*),3&)<1#)$%,")7$#&$K#%)&1),#$%&$)%)&.+-,%0)EK15&-$J),#1**]*$,&-1':)5"-,")

was fixed to a microscope slide and used for aging (see Campana, 2014). Each cross-

*$,&-1')5%*)+"1&19#%+"$()3*-'9)%),1/+13'()0-9"&)&#-'1,30%#)/-,#1*,1+$)TB$-**X)%&)

5x10 magnification. As growth band deposition in other dasyatid rays like the blue 

*&-'9#%.) T>+2'+$%2) /0&'2"#"$+X:) &"$) K#15') *&-'9#%. T>+2'+$%2) -+$+X) %'() &"$) (-%/1'()

*&-'9#%.)T>+2'+$%2)7%5$,&1&+X)-*)%''3%0D)F$)%**3/$()($+1*-&-1')-')!3)*+&(+&%$,--+)%0*1)

&1)K$)%''3%0)T6150$.)`ZZ[:)?%0$)%'()c100%'()UV`U:)=/-&")%'()L$##-'$#)UVV[XD)M9$)

5%*)($&$#/-'$() -'($+$'($'&0.)K.) &51) #$*$%#,"$#*)K.) ,13'&-'9)9#15&")K%'(*D)M00)

age readings that differed were taken out of the analysis. Previously, using a multi-

/1($0)%++#1%,") <1#)9#15&")*&3(-$*)"%*)K$$')%(71,%&$() &1) -',1#+1#%&$),%'(-(%&$)

/1($0*)5-&")%0&$#'%&-7$),"%#%,&$#-*&-,*)T=/%#&),$)+-3)UV`^XD)c$',$:)&"$)<10015-'9)&"#$$)

growth functions were fitted:

M)019-*&-,)9#15&")<3',&-1':)%(%+&$()<#1/)L%,Q$'(#-,P)%'()Q$*%7%)T`Z``XS

) ) ) ) ) ))))))))T`X

M)21/+$#&R)9#15&")<3',&-1':)%(%+&$()<#1/)C-,P$#)T`Z[bXS

) ) ))))))))TUX
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A von Bertalanffy growth function, adapted from von Bertalanffy (1938):

))))))))))T_X

!"$*$)9#15&")<3',&-1'*)($*,#-K$)&"$)#$0%&-1'*"-+)K$&5$$')%9$)%'()K1(.)*-R$)T(-*,)
5-(&"m)?FX:)5-&")&"$)%*./+&1&-,)(-*,)5-(&") :) &"$)*-R$)%&)K-#&") :) &"$)
growth coefficient %:) &"$) $*&-/%&$() %9$) K%*$() 1') 7$#&$K#%$) 9#15&") K%'() ,13'&*)

:) %'() &"$) +#$(-,&$() *-R$]%&]%9$) D) Y%#%/$&$#*) 5$#$) $*&-/%&$() 3*-'9)
G%.$*-%')L6L6)/1($0*)TGp#P'$#)UV`[:)UV`\XD)

!"$)+#-1#)7%03$*)<1#)*-R$)%&)K-#&")T`V),/X)%'()/%i-/3/)(-*,)5-(&")T_W),/X)%#$)K%*$()1')
(%&%)#$,1#($()K.)L11#$),$)+-3)TUV`ZX)%'()9-7$')%)019'1#/%0)+#-1#)%*)&"$*$)5$#$)+1*-&-7$)
+%#%/$&$#*D) c$',$:) <1#) &"$) *-R$) %&) K-#&") T X) +#-1#:) %) 019'1#/%0) (-*&#-K3&-1')
1<)`V)%'()%)*&%'(%#()($7-%&-1')1<)`)5%*)3*$(D)O1#)&"$)/%i-/3/)(-*,)5-(&")+#-1#:)%)
019'1#/%0)(-*&#-K3&-1')1<)_W)%'()%)*&%'(%#()($7-%&-1')1<)`)5%*)3*$()<1#)&"$)/%i-/3/)
disc width prior. Lastly, for the growth coefficient (%X:)%)+#-1#)5-&")%)'1#/%0)(-*&#-K3&-1')
1<)]`)%'()%)*&%'(%#()($7-%&-1')1<)`)5%*)3*$(D)O1#)$%,")/1($0:)<13#),"%-'*)5$#$)#3')
5-&")_bVV)-&$#%&-1'*)$%,":)-',03(-'9)`VVV)(-*,%#($()5%#/]3+)-&$#%&-1'*:)*1)%)&1&%0)1<)
10000 iterations were sampled for each model. Effective sample sizes for each model 
+%#%/$&$#)$i,$$($()`VVVD)61'7$#9$',$)%'()/-i-'9)1<),"%-'*)5$#$)/1'-&1#$()5-&")
&#%,$)+01&*)%'()C]"%&)*&%&-*&-,*D)L1($0)+$#<1#/%',$)5%*),1/+%#$()3*-'9) &"$) 0$%7$]
1'$]13&),#1**]7%0-(%&-1')3*-'9)&"$)J011J)C]+%,P%9$)TN$"&%#-),$)+-3)UV`[:)o%1),$)+-3)UV`\XD)

Table 6.1 ?$7$01+/$'&%0)*&%9$*)1<)#$+#1(3,&-7$)1#9%'*)3*$()&1)%**$**)/%&3#-&.)*&%9$)T-//%&3#$)
1#)/%&3#$XD)M(%+&$()<#1/)A*%$#),$)+-3)TUV`bXD

='4 >((#$0&' ?#$0&'
@'(#6' N:#'0&5 @1&)(-*&-'93-*"%K0$ ?-*&-'93-*"%K0$

Follicles >'($#($7$01+$(
1#)-')9#13+*

with different sizes

F$00]($7$01+$(
1#)%&#$&-,)%'(
7-&$0019$'-,

M%&'0 G$&5$$')&3K30%#
%'()5-($)-')*"%+$
5-&")($7$01+$()5%00*

!3K30%#)&1)5-($)-')*"%+$:
($7$01+$()5%00*:

+1**-K0.)5-&")$/K#.1*
Epigonal organ Y#$(1/-'%'& Y#$*$'&

?#6' O&5%05 41K30%&$(:
015)K011()*3++0.

c-9")7103/$:
01K30%&$(:

-',#$%*$()K011()*3++0.
Ductus deferens G%#$0.)1#)'1&)3'(30%&$( =&#1'90.)3'(30%&$(
Epigonal organ Y#$*$'& 4-/-&$(0.)+#$*$'&

!"*1#$*3
F$) ($&$#/-'$() &"$) /%&3#-&.) *&%9$) %*) $-&"$#) E-//%&3#$J) 1#) E/%&3#$JD) O$/%0$*) %#$)
#$9%#($()%*)/%&3#$)5"$')$+-91'%0)1#9%'*)%#$)+#$*$'&:)17%#-$*),1'&%-')5$00]($7$01+$()
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<100-,0$*)1<)*-/-0%#)*-R$*)1#)%#$)%&#$&-,)%'()7-&$0019$'-,)-')9#13+*)1#)*-'930%#:)%'()3&$#-)%#$)
&3K30%#)&1)5-($)-')*"%+$:)5-&")($7$01+$()5%00*)1#)5-&")(-*&-'93-*"%K0$)$/K#.1*D)4%*&0.:)
/%0$*)%#$)#$9%#($()%*)/%&3#$)5"$')%)0-&&0$)$+-91'%0)1#9%')-*)+#$*$'&:)&$*&-*)"%7$)%)"-9")
7103/$:)%#$)<300.)01K30%&$()5-&")-',#$%*$()K011()*3++0.)1#)+%0$)%'()($,#$%*$()-')*-R$:)
%'()(3,&3*)($<$#$'*) -*) *&#1'90.)3'(30%&$(D) ;'(-7-(3%0*)5$#$) #$9%#($()%*) -//%&3#$)
-<) &"$-#) #$+#1(3,&-7$) 1#9%'*) 5$#$) 0$**) ($7$01+$() &"%') ($*,#-K$() %K17$D) !%K0$) ^D`)
+#17-($*) *"1#&) ($*,#-+&-1'*)3*$() &1)($&$#/-'$) &"$)/%&3#-&.) *&%9$D) !1) ,%0,30%&$) &"$)
/$(-%')(-*,)5-(&")%&)/%&3#-&.)T X) <1#)K1&")*$i$*),1/K-'$()%'()*$+%#%&$(:)5$)
3*$()&"$)<10015-'9)019-*&-,)/%&3#-&.)<1#/30%)TL100$&),$)+-3)UVVVXS

) ) ) ) ) ) ) )))))))TWX

L$(-%')*-R$)%&)/%&3#-&.)-*),%0,30%&$()3*-'9)8n3%&-1')TbX)*-/-0%#0.:)<1#)&"-*)/1($0:)_:bVV)

-&$#%&-1'*) %'() `VVV) 5%#/]3+) -&$#%&-1'*) 5$#$) 3*$(D) !"$) +#-1#*) 3*$() 5$#$)

3'-'<1#/%&-7$:)'%/$0.)`V)<10015-'9)%)'1#/%0)(-*&#-K3&-1')5-&")%)*&%'(%#()($7-%&-1')

1<)b)<1#)K1&") )%'() :)%*)&"-*),130()'1&)K$)K%*$()1')+#$7-13*)7%03$*D

)) ) ) ) ) ) ) ))))))))TbX

2$&*
!"$)*&1/%,"*)1<)*%/+0$()*+$,-/$'*)5$#$)#$/17$()%'()5$-9"$()K$<1#$)($&$#/-'-'9)

*&1/%,") ,1'&$'&*D) 8i,$**) /1-*&3#$) 5%*) #$/17$() <#1/) *&1/%,") ,1'&$'&*) 3*-'9)

paper towels to remove weight bias by stomach fluids. Stomach contents were sorted 

-'&1)1'$)1<)*-i),%&$91#-$*S),#3*&%,$%'*:)+10.,"%$&$*:)K-7%07$*:)1&"$#)/1003*P*:)&$0$1*&*)

or unidentified (unrecognizable prey items). Appendix 6.1 provides a representative 

+"1&1)1<)$%,")&%i%)$',13'&$#$()-')*&1/%,"),1'&$'&*D)!"$*$)&%i%),%&$91#-$*)5$#$)'1&)

defined prior to data collection but based on prey items encountered due to the lack 

1<)($*,#-+&-1')<1#)K$'&"-,)*+$,-$*)<#1/)13#)*&3(.)%#$%D)F$)#$,1#($()&"$)'3/K$#)1<)

+#$.) -&$/*)%'()/%**) <1#)$%,")9#13+)&1) &"$)'$%#$*&),$'&-9#%/D)!1)+#$7$'&)K-%*)1<)

0%#9$)+#$.)-&$/*:)5$),%0,30%&$()&"$)(-$&),1/+1*-&-1')3*-'9)&"$)-'($i)1<)-/+1#&%',$)

) %*)+#1+1*$()K.)2#%.),$) +-3) T`ZZ[XD) O-#*&:) &"$)+$#,$'&%9$)1<) $%,")+#$.)9#13+)

#$0%&-7$)&1)&"$)K1(.)5$-9"&)1<)&"$)-'(-7-(3%0) )5%*),%0,30%&$()%*S)

) ) ) ) ) ) ))))))))T^X

5"$#$) )-*)&"$)*3/)5$-9"&)1<)+#$.)9#13+)%)T2#%.),$)+-3)`ZZ[XD

=$,1'(0.:)&"$)<#$n3$',.)1<)1,,3##$',$)<1#)+#$.)9#13+)%) )5%*),%0,30%&$()%*S)

) ) ) ) ) ) ) ))))))))T[X
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5"$#$) ) -*) &"$) '3/K$#) 1<) *&1/%,"*) ,1'&%-'-'9) <1#) %) 9-7$') +#$.) 9#13+:) %'()

($'1&$*)&"$)&1&%0)'3/K$#)1<)*&1/%,"*),1'&%-'-'9)<11()Tc.*01+:)`Z\VXD)

4%*&0.:)&"$)-'($i)1<)-/+1#&%',$)<1#)$%,")+#$.)9#13+)T X)5%*),%0,30%&$()%*S

) ) ) ) ) ) ))))))))T\X

5-&"S

) ) ) ) ) ) ) ))))))))TZX

Diet composition was analyzed for three different life stages: YOY (individuals ")`)

.$%#)1<)%9$X:)H37$'-0$*)T-'(-7-(3%0*)!r)`).$%#:)K3&)"%7$)'1&)#$%,"$() X)%'()%(30&*)

T/%&3#$)-'(-7-(3%0*:)! XD)C%5)(%&%)-*)+#17-($()-')M++$'(-i)^DUD)F$)+$#<1#/$()%)

Y8CLM@ANM)TC]+%,P%9$)E7$9%'JX)TAP*%'$'),$)+-3)UVUVX)%'()%)+%-#5-*$)M(1'-*)<3',&-1')

(Martinez Arbizu, 2016) to determine which life stages differ in their diet composition.

*2&/14&
M)&1&%0)1<)[b)-'(-7-(3%0)!3)*+&(+&%$,--+)5$#$)*%/+0$(:),1'*-*&-'9)1<)_\)/%0$*)%'()_[)

<$/%0$*)TVDbSVDb)/S<)#%&-1X)#%'9-'9)<#1/)`UDU)&1)_VD^),/)?F)%'()K1(.)/%**)#%'9-'9)

<#1/)bZ)&1)`:UV\)9D

Age and growth
[`);'(-7-(3%0*)T/)r)_\:)<)r)__X)5$#$)3*$()<1#)*-R$]%&]%9$)%'%0.*-*D)L$%*3#$()(-*,)5-(&"*)

#%'9$()<#1/)`UDU),/)&1)_VD^),/)T`\D[)})bD`),/X:)%'()%9$)#%'9$()<#1/)0$**)&"%')1'$)

&1)*$7$').$%#*)T`D\)})`DZ).$%#*XD)M00)&"#$$)9#15&")<3',&-1'*)$*&-/%&$()*-/-0%#)7%03$*)

for disc width size-at-birth: 13.87, 14.01 and 14.01 cm (von Bertalanffy, Gompertz 

%'()419-*&-,)9#15&")<3',&-1'*:)#$*+$,&-7$0.XD)L%i-/3/)(-*,)5-(&")$*&-/%&$*)7%#-$()

K$&5$$') &"$) &"#$$) 9#15&") <3',&-1'*D) !"$) 019-*&-,) 9#15&") <3',&-1') $*&-/%&$() %)

/%i-/3/)(-*,)5-(&")1<)_WDW^),/:),01*$) &1) &"$)1K*$#7$()/%i-/3/)*-R$)1<)_W),/:)

#$,1#($() K.)L11#$) ,$) +-3 (2019), whereas the von Bertalanffy function estimated 

WWD[V),/)%'()&"$)21/+$#&R)<3',&-1')_\DVZ),/)T!%K0$)^DUXD)L1($0)*$0$,&-1')*"15$()

&"%&)'1)/1($0)13&+$#<1#/$()%'.)1<)&"$)1&"$#*)K%*$()1')4AA)-'<1#/%&-1'),#-&$#-1')

(LOOIC) (Table 2). However, there is likely little reliable difference in the predictive 

capability between these models, as the difference in LOOIC values was less than 

&51)K$&5$$')%00)/1($0*D)F"$'),1'*-($#-'9)&"$)/%i-/3/)#$+1#&$()*-R$)K.)L11#$),$)

+-3)TUV`ZX)&1)K$)_W),/)%*)&"$)/%i-/3/)(-*,)5-(&":)!3)*+&(+&%$,--+) -'(-7-(3%0*)*$$/)

&1)#$%,")&"$-#)/%i-/3/)*-R$)K$&5$$')`V)%'()`U).$%#*)TO-93#$)^DUXD)M((-&-1'%00.:)!3)
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*+&(+&%$,--+)*$$/*)&1)%&&%-')K$&5$$')WVD_q)%'()^WD[q)1<)&"$-#)/%i-/3/)(-*,)5-(&")

within their first year, based on the largest and smallest rays of one year old.

Table 6.2 Model and model selection estimates for the von Bertalanffy, Gompertz and the 
019-*&-,) 9#15&") <3',&-1'D) T'X) *%/+0$) *-R$) <1#) *-R$) %&) %9$) %'%0.*-*D) T4AA;6X) 4AA) -'<1#/%&-1')
,#-&$#-1'D) T=8X)*&%'(%#()$##1#)1<) &"$)4AA;6)7%03$*D) T?F∞X)%*./+&1&-,)(-*,)5-(&"D) T?FG-#&"X)(-*,)
5-(&")%&)K-#&"D)TQX)9#15&")#%&$D)TZbq)6;X),#$(-K0$)-'&$#7%0D

Model 1 =NN2! .D 9P∞
(cm)

95% CI 
9P∞

9P*2IO?
(cm)

95% CI 
9P*2IO?

K (year)Q) 95% CI K

F+1(
Bertalanffy 
>J1/%0+1

[` U[\D[ `WDU WWD[ __D`)])[bDU `_DZ `_D_)])`WDW VD` VDVW)])VDU

Gompertz 
>J1/%0+1

[` U[ZDW `WD\ _\D` _VDZ)])bbD` `WDV `_D_])`WD^ VDU VD`])VD_

Logistic
>J1/%0+1

[` U\VD` `bD` _WDb UZDW)])WWDU `WDV `_Db)])`bDV VD_ VDU)])VDW

Figure 6.2 Growth functions fitted to size-at-age data of !3)*+&(+&%$,--+) T21/+$#&R) ,3#7$) -')
green, von Bertalanffy curve in blue and the logistic growth curve in red). The horizontal dashed 
0-'$)#$+#$*$'&*)&"$)/%i-/3/)#$+1#&$()(-*,)5-(&")1<)_W),/)TL11#$),$)+-3)UV`ZXD)!"$)/$(-%')(-*,)
5-(&")%&)5"-,")/%0$*)#$%,")/%&3#-&.)T?FbVX)-*)*"15')-')1#%'9$)T?F)r)UVD_),/:)%9$)r)UDU).$%#*)
10(X)%'()/%9$'&%)<1#)<$/%0$*)T?F)r)UWD_),/:)%9$)r)_DZ).$%#*)10(XD
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F$)($&$#/-'$()&"$)/%&3#-&.)*&%9$)1<)^Z)-'(-7-(3%0*)T/)r)_b:)<)r)_WXD)A<)*-i)-'(-7-(3%0*:)

the reproductive state was unclear due to fishery-related damages or (partial) 

($,1/+1*-&-1')1<)1#9%'*D)!"$)(-*,)5-(&")1<)&"$)0%#9$*&)*%/+0$()-//%&3#$)/%0$)5%*)

U_D[),/:)%'()&"$)0%#9$*&)-//%&3#$)<$/%0$)"%()%)(-*,)5-(&")1<)_VD^),/D)G%*$()1')&"$)

K-'1/-%0) 019-*&-,) #$9#$**-1':)/$(-%')*-R$]%&]/%&3#-&.) -*) #$%,"$()%&)UVD_),/)?F)T6;)

Zbq)̀ \D\]U`D\),/X)<1#)/%0$*)%'()UWD_),/)?F)T6;)Zbq)U`DZ]U^Db),/X)<1#)<$/%0$*)T!%K0$)

6.3). Based on the von Bertalanffy growth function, this size-at-maturity corresponds 

5-&")%')%9$]%&]/%&3#-&.)1<)UDU)%'()_DZ).$%#*)<1#)/%0$*)%'()<$/%0$*:)#$*+$,&-7$0.D

Table 6.3 =3//%#.) 1<) *-R$]%&]/%&3#-&.) +%#%/$&$#) $*&-/%&$*) %'() Zbq) ,#$(-K0$) -'&$#7%0) T6;X)
7%03$*)<1#)/%0$*:)<$/%0$*:)%'()K1&")*$i$*),1/K-'$(D

.&, # 95% CI b 95% CI 9P@G 95% CI
Male ]ZDVb ]`_DZ`)Å)]WDZW VDWb VDUW)Å)VD[V UVD` `\D\)Å)U`D\
Female ]\DUZ ]`_DV[)Å)]WD\U VD_^ VDU`)Å)VDb[ U_DV U`DZ)Å)U^Db
Combined ]ZDV` ]`UDZZ)Å)]bDZb VDW_ VDU\)Å)VD^` U`DV `ZD[)Å)UUD_

Figure 6.3 ;'($i) 1<) ;/+1#&%',$)
T;A;X)<1#)$%,")+#$.)&%i%)<1#).13'9]
1<]&"$].$%#) ToAoX:) H37$'-0$) %'()
%(30&) !"#$%$&'("#) *+&(+&%$,--+D)
6101#*)-'(-,%&$)&"$)+#$.)9#13+)&%i%D)
6#3*&%,$%'*) T#$(XD) Y10.,"%$&$*)
T1#%'9$XD) G-7%07$*) T.$0015XD) A&"$#)
Molluscs (green). Teleost fishes 
(blue). Unidentified (brown). Raw 
(%&%)-*)+#17-($()-')M++$'(-i)^DUD
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2$&*
O1#) (-$&) %'%0.*-*:) 5$) 3*$() %) &1&%0) 1<) ^b) *&1/%,"*) *%/+0$() T`D`Z) }) `DUb) 9XD) F$)

identified 22 individuals as young-of-the-year (YOY; "`).$%#)1<)%9$X:)`Z)%*)H37$'-0$)T!r)

`).$%#)1<)%9$)%'()*/%00$#)&"%')?FbVX)%'()UW)%*)%(30&*)T!r)?FbVXD)G%*$()1')&"$);'($i)

1<);/+1#&%',$:)&"$)*%/$)+#$.)*+$,-$*)/%($)3+)&"$)/%H1#-&.)1<)!3)*+&(+&%$,--+V2)(-$&)

%,#1**)%00)0-<$)*&%9$*S),#3*&%,$%'*S)U[DWq]__D_q:)+10.,"%$&$*S)`UDbq]U^D[q:)G-7%07$*S)

12.5-20.3, other mollusks: 0%-7.2%, Teleosts: 0%-4.3%, and unidentified prey: 30.4%-

55.0% (Figure 6.3). Besides unidentified prey, crustaceans and Polychaetes were 

&"$)/1*&),1//1')+#$.) -&$/*)<1#)%00)%9$),0%**$*) -') &$#/*)1<)/%**)%'()'3/K$#)1<)

-'(-7-(3%0)+#$.)T!%K0$)^DWXD)

Diet composition differed significantly between life stages (PERMANOVA DF = 2, sum 

1<)*n3%#$*)r)UD_:)O)r)UUD^:)CU)r)VDU[)+)r)VDVV`X:)%'()%)+1*&]"1,)&$*&)#$7$%0$()&"%&)%00)

life stages have a significantly different diet composition (YOY-Juveniles: F = 7.8, RU

r)VD`:)+)r)VDVVUX)ToAo]M(30&*S)O)r)`[DU:)CU)r)VDU\:)+)r)VDVV`X)Ta37$'-0$*]M(30&*S)O)r)^DV:)

C]*n3%#$()r)VD`:)+)r)VDVV`D

Table 6.4)=3//%#.)1<)&"$)&1&%0)/%**)T9#%/*X:)&1&%0),13'&)T'X)%'()+$#,$'&%9$)1<)*&1/%,"*)&"%&)
,1'&%-'$(),#3*&%,$%'*)%'()+10.,"%$&$*)<1#).13'9]1<]&"$].$%#)ToAoX:)H37$'-0$*)%'()%(30&*D

YOY Juvenile Adult
Crustaceans mass (g) VD\ _Db `[Db
Crustaceans count (n) UUW U[V __`
Nr. stomachs (%) bV \WDU ZbD\
Polychaetes mass (g) `DV `DW bDb
Polychaetes count (n) ^\ ZZ __`
Nr. stomachs (%) UUD[ [\DZ b\D_

905/J550+1
Elasmobranchs are still subject to fisheries in the coastal waters of West Africa despite 

their vulnerability to fishing (Moore ,$)+-3)UV`ZXD)>'($#*&%'(-'9)&"$)0-<$)"-*&1#.)%'()

&#1+"-,)$,1019.)1<)$0%*/1K#%',")*+$,-$*)-*)$**$'&-%0)<1#)&"$)#-*P)%**$**/$'&)1<)K1&")

&"$*$)*+$,-$*)%'()&"$)$,1*.*&$/*)-')5"-,")&"$.)1<&$')+0%.)%)P$.)#10$D)!"-*)*&3(.)-*)&"$)

first to present detailed data about the growth, median size-at-maturity and diet of 

&"$)+11#0.)*&3(-$()!3)*+&(+&%$,--+)-')&"$)G-H%9I*)M#,"-+$0%91:)23-'$%]G-**%3D)

G%*$() 1') &"$) 9#15&") ,3#7$*) 1<) !3)*+&(+&%$,--+6) -&) *$$/*) &1) %,"-$7$) &"$)/%i-/3/)

#$,1#($()(-*,)5-(&")*-R$)1<)_W),/)K$&5$$')̀ V)%'()̀ U).$%#*D)=3#+#-*-'90.:)&"$)/%i-/3/)

%9$)1<)13#)*%/+0$()*+$,-/$'*)5%*)1'0.)[).$%#*)T'r`XD)A'$].$%#]10()!3)*+&(+&%$,--+



`U\

!"#$%&'()

%#$)K$&5$$')WVD_q)%'()^WD[q)1<)&"$-#)/%i-/3/)(-*,)5-(&":),1/+%#%K0$)&1)&"$)<%*&]

9#15-'9) C19$#J*) *&-'9#%.) TG&"$&'("#) &"(,&2%) (Mejía-Falla ,$) +-3) UV`WXD) ;') %((-&-1':) %)

*015]9#15-'9)K%&1-()*+$,-$*)TDasyatis fluviorumX)"%*)K$$')1K*$#7$()&1)"%7$)%)9#15&")

coefficient of around 0.03 year]`)TY-$#,$)%'()G$''$&&)UV`VX:)5"-,")-*)%#13'()%)&"-#()

of the growth coefficient observed for !3)*+&(+&%$,--+)1<)VD`V).$%#]`D)!"$)9#15&")#%&$)

&"%&)5$)<13'()-*),1/+%#%K0$)&1)1&"$#)<%*&]9#15-'9)*+$,-$*:)*3,")%*)C19$#J*)*&-'9#%.)

TG&"$&'("#)&"(,&2%X:)Q3"0J*)/%*P#%.)TR,"$&'("#)810-%%X)%'()&"$)?-%/1'()*&-'9#%.:)5"-,")

-*)K$&5$$')VD`)%'()VDUW).$%#]` (Mejía-Falla ,$)+-3)UV`W:)!$/+0$),$)+-3)UVUVXD

A3#)*&3(.)-'(-,%&$*)&"%&)-')&"$)G-H%9I*)M#,"-+$0%91:)/%0$)!3)*+&(+&%$,--+)/%&3#$)$%#0-$#)

than females. This has also been confirmed in other ray species, such as the brown 

*&-'9#%.)T>+2'+$%2)-+$+X)%'()&"$),1//1')*&-'9#%.)T>+2'+$%2)5+2$%#+/+m);*/$')UVV_:)?%0$)

and Holland 2012). This sex difference in size at maturity can have several possible 

,%3*$*D)O1#)-'*&%',$:)&"-*),130()K$)#$0%&$()&1)/%0$)K-&-'9)K$"%7-1#)(3#-'9)#$+#1(3,&-1':)

5"-,")-*),1//1')-')/%'.)$0%*/1K#%',")*+$,-$*)TQ%H-3#%),$)+-3)UVVVXD >'0-P$)/%0$*:)

0%#9$)<$/%0$*)1<)c%00$#J*)#13'()#%.)TG&"-"5012)0+--,&%X)"%7$)K$$')1K*$#7$()&1)1K&%-')

%)#$0%&-7$0.)&"-,P$#)(-*,)5-&")-',#$%*$()(-*,)5-(&":)5"-,")/%.)"$0+)/-'-/-R$)(%/%9$)

<#1/)/%0$)#$+#1(3,&-7$)K-&-'9)K$"%7-1#)T@1#($00)`ZZWXD)M0&$#'%&-7$0.:)0%#9$#)<$/%0$*)

%#$)&"139"&)&1)+#1(3,$)0%#9$#)0-&&$#*)%'(:)&"$#$<1#$:)"%7$)%)9#$%&$#)#$+#1(3,&-7$)13&+3&)

T4.1'*),$)+-3)UV`[X:)5"-,"),130()K$)%)#$%*1')<$/%0$)!3)*+&(+&%$,--+)/%&3#$)0%&$#)%'()

%&)%)0%#9$#)K1(.)*-R$D)Y$#"%+*)%)/1#$)0-P$0.)$i+0%'%&-1')/%.)K$)&"%&)*-R$]%&]/%&3#-&.)

/%.)%0*1)7%#.)K%*$()1') &"$) -',#$%*$()$'$#9$&-,)$i+$'(-&3#$)(3#-'9) &"$)9$*&%&-1')

+$#-1() T211(5-') ,$) +-3) UVVUXD) O$/%0$*) 1<) !3)*+&(+&%$,--+) #$%,")/%&3#-&.) %&) %#13'()

_UDbq)1<) &"$-#) 0-<$*+%':)%'()/%0$*) #$%,")/%&3#-&.)%&)%#13'()`\D_q) T,1'*-($#-'9)%)

/%i-/3/)%9$)1<)̀ U).$%#*XD)!"-*)-*)*-/-0%#)&1)1&"$#)*+$,-$*:)*3,")%*)&"$)Q3"0J*)/%*P#%.)

TR,"$&'("#)810-%%T)%'()&"$)K0%,P*+1&&$()5"-+#%.)TK+/1-+L+$%2)(,&&+7%T:)5"-,")/%&3#$)

K$&5$$') `Z]W`q) 1<) &"$-#) 0-<$*+%' T!$/+0$) ,$) +-3) UVUVXD) c15$7$#:) 5"$&"$#) *-R$]%&]

maturity differs in other areas remains unknown. Our estimates of male and female 

/$(-%')*-R$]%&]/%&3#-&.)*"130()K$) -'&$#+#$&$(),%3&-13*0.)(3$)&1) 015)*%/+0$)*-R$*D)

c15$7$#:)%)*&3(.)1')G%#%P%J*)5"-+#%.*)TK+/1-+L+$%2)+*L%(1+X)K.)!$/+0$),$)+-3)TUVUVX)

+#17-($()%')%,,3#%&$)$*&-/%&$)<1#)*-R$]%&]/%&3#-&.)<1#)/%0$*)K%*$()1')%)015)*%/+0$)

*-R$D)O3#&"$#/1#$:)&"$)%++#1i-/%&-1')1<)/%0$)/%&3#-&.)K.)4%*&),$)+-3)TUV`^X)T~U`),/)

DW) differs only 7 mm (0.3%) from our estimation and is within the range of our 95% 

,#$(-K0$)-'&$#7%0)T`\D\]U`D\),/X:)*3++1#&-'9)13#)/$(-%')*-R$]%&]/%&3#-&.)$*&-/%&-1'*)

<1#)/%0$)!3)*+&(+&%$,--+3

Additionally, the gestation period and frequency need verification to assess the 

#$+#1(3,&-7$) #%&$)1<)!3)*+&(+&%$,--+:) %*) &"-*) -*) &"139"&) &1) 7%#.)5-&"-') &"$) <%/-0.)1<)



`UZ

!"#$%&"'()*+%)#%(,$%-$.*/%0,"1*.+

!

>+2'+$%7+,) T6%#0*1') ,$) +-3) UVUV:) @1&%#K%#&101) (-) =,-%#%) ,$) +-3) UV`bXD) c$',$:) %)5$00]

#13'($(),1/+#$"$'*-1')1<) &"$) 0-<$)"-*&1#.)1<)!3)*+&(+&%$,--+)9$*&%&-1')+$#-1()%'()

<#$n3$',.)*"130()%0*1)K$)*&3(-$(D

F$) <13'() &"%&) &"$)(-$&) 1<)!3)*+&(+&%$,--+)5-&"-') &"$)G-H%9I*)M#,"-+$0%91) ,1'*-*&$()

/1*&0.) 1<) ,#3*&%,$%'*) %'() +10.,"%$&$*D) !"-*) -'(-,%&$*) &"%&) !3) *+&(+&%$,--+) %,&*) %*)

%) */%00:) 015) &#1+"-,]0$7$0)/$*1]+#$(%&1#) &"%&) 0-'P*) K$'&"-,) ,1//3'-&-$*)5-&") &1+)

+#$(%&1#*)-')&"$)G-H%9I*)M#,"-+$0%91D)!"$)+#$*$',$)1<)&$0$1*&)-&$/*)-')&"$)*&1/%,")

,1'&$'&*)1<)!3)*+&(+&%$,--+)*399$*&*)&"%&)&"$)*+$,-$*)1,,%*-1'%00.),1'*3/$*)&$0$1*&)

+#$.:)%*)1K*$#7$()-')1&"$#)K%&1-()*+$,-$*)T4-/),$)+-3)UV`Z:)O%#-%*),$)+-3)UVV^XD)F"$#$%*)

1&"$#)*&3(-$*)*"15)&"%&)K%&1-(*)1'&19$'$&-,%00.)-',03($)/1#$)&$0$1*&)+#$.)T2#%.),$)+-3

`ZZ[:)4-/),$)+-3)UV`Z:)O%#-%*),$)+-3)UVV^X:)-')13#)*&3(.)1'$)oAo)5%*)1K*$#7$()&1)"%7$)

consumed small teleost prey. The high proportion of unidentified prey encountered 

0-P$0.)#$*30&*)<#1/)*1<&]K1(-$()+#$.)T$D9D:)+10.,"%$&$*)%'()*/%00),#3*&%,$%'*X:)5"-,")

/%.)(-9$*&)<%*&$#)TO%#-%*),$)+-3 2006). The unidentified prey items could also be inorganic 

/%&&$#:)*$(-/$'&)%'()+0%'&)/%&&$#)-'9$*&$()(3#-'9)+#$.),1'*3/+&-1')TMH$/-%')%'()

Y15$#*D:)UV``XD)?@M)/$&%K%#,1(-'9)1')*&1/%,"),1'&$'&*),130()-/+#17$)$*&-/%&$*)

1<)+#$.)%K3'(%',$)%'(:),1/K-'$()5-&")$'7-#1'/$'&%0)?@M)%'%0.*-*)1<)K$'&"1*:)/%.)

"-9"0-9"&)+#$.)+#$<$#$',$) Tc%#/*]!31".),$)+-3)UV`^XD)F$) <13'()&"%&)!3)*+&(+&%$,--+

3'($#91$*)%')1'&19$'$&-,)(-$&)*"-<&:)%'()%(30&*)*$$/)&1)-',1#+1#%&$)/1#$)(-7$#*$)

+#$.)-'&1)&"$-#)(-$&:)*3,")%*)&$0$1*&*)%'()%)"-9"$#)%K3'(%',$)1<),#3*&%,$%'*:)+1**-K0.)

9-7-'9)10($#)-'(-7-(3%0*)%)*0-9"&0.)"-9"$#)&#1+"-,)0$7$0D)A'&19$'$&-,)(-$&)*"-<&*),130()

#$*30&)<#1/),"%'9$*)-')&$$&")/1#+"1019.:)H%5)&$$&")*&#$'9&":)K1(.)*-R$)%'()*$'*1#.)

*$'*-&-7-&.) 1<) &"$) +$#-+"$#%0) T=/-&") %'() L$##-'$#) `Z\b:) @1#($00) `ZZW:) Q$/+*&$#)

,$)+-3)UV`_:)4-/),$)+-3 2019). Ontogenetic diet shifts may also result from different 

energetic needs and local prey availability coinciding with ontogenetic differences in 

(-*&#-K3&-1')T4-/),$)+-3)UV`ZXD)C$9%#(0$**:)1'&19$'$&-,)(-$&)*"-<&*),130()*399$*&)&"%&)

different life stages fulfill different trophic roles and affect food webs differently.

61/+#$"$'*-7$)P'150$(9$)1<)&"$)0-<$)"-*&1#.)%'()$,1019.)1<)%)*+$,-$*)-*)'$,$**%#.)

to establish adequate conservation efforts (Ismen 2003, O’Shea ,$) +-3) UV`_XD)F-&")

/%'.)$0%*/1K#%',")+1+30%&-1'*)($,0-'-'9)901K%00.:)&"$)'$$()<1#)-'*-9"&)-'&1)&"$-#)0-<$)

"-*&1#.)%'()&#1+"-,)$,1019.)<1#),1'*$#7%&-1')-',#$%*$*D)!"-*)*&3(.)+#$*$'&*)1'$)1<)

the first known estimates for growth, median size-at-maturity, and diet composition 

1<)!3)*+&(+&%$,--+D)61/+%#$()&1)1&"$#)#%.)*+$,-$*:)!3)*+&(+&%$,--+)*$$/*)&1)K$)%)<%*&]

9#15-'9) %'() $%#0.]/%&3#-'9) *+$,-$*D) !"$) (-$&) ($*,#-+&-1') +#$*$'&$() -') &"-*) +%+$#)

/%.)+#17-($)+#$0-/-'%#.) -'*-9"&*) -'&1) &"$-#) &#1+"-,) #10$) -') &"$) ,1%*&%0) $,1*.*&$/*)

of West Africa. Additionally, fishing intensity, natural mortality rate and recruitment 



`_V

!"#$%&'()

#%&$) 1<) !3) *+&(+&%$,--+ require study to assess fishing vulnerability (Le Quesne 

%'() a$''-'9*) UV`UXD) !"-*) *&3(.) ,1'&#-K3&$*) &1) &"$) P'150$(9$) 1<) !3)*+&(+&%$,--+:) %)

,1//1'0.)$i+01-&$()$0%*/1K#%',")*+$,-$*)-')&"$)F$*&)M<#-,%')#$9-1':)%'()/%.)"$0+)

conservation efforts of similar species.

5.(91/&,.(&
!3)*+&(+&%$,--+)-*)%)*/%00:)<%*&]9#15-'9)#%.)*+$,-$*:)#$%,"-'9)/%&3#-&.)%<&$#)UDU)%'()_DZ)

.$%#*)<1#)/%0$*)%'()<$/%0$*:)#$*+$,&-7$0.D)!"$)(-$&)1<)&"-*)*+$,-$*)5-&"-')&"$)G-H%9I*)

M#,"-+$0%91),1'*-*&*)+#-/%#-0.)1<)+10.,"%$&$*:)K3&) &"$),1'&#-K3&-1')1<)"%#($#)+#$.)

species (e.g., crustaceans) increases ontogenetically. This study presents the first 

($*,#-+&-1')1<)&"$)9#15&":)/$(-%')*-R$]%&]/%&3#-&.)%'()(-$&)1<)!3)*+&(+&%$,--+:)5"-,")

is needed for science-based management of coastal fisheries and ecosystems. These 

results fill an important knowledge gap on the life history and trophic ecology of this 

species and this data-deficient genus of whiprays.

;9%(.T12)NU2(4&
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!"#$%&'()

;0&4$#94
;'&$#&-(%0)"%K-&%&*)T-D$D:)/%#-'$)"%K-&%&*)&"%&)%#$)T+%#&-%00.X)$i+1*$()(3#-'9)015)&-($X)

"%7$) &#%(-&-1'%00.) K$$') *&3(-$() <#1/) %) *"1#$K-#(],$'&$#$() +$#*+$,&-7$D)F$) *"15)

&"%&) &"$*$) "%K-&%&*) %#$) %,,$**-K0$) %'() -/+1#&%'&) &1) /%#-'$) +#$(%&1#*) *3,") %*)

$0%*/1K#%',"*) T-D$D:) *"%#P*) %'() #%.*XD)A3#) *.'&"$*-*) *"15*) &"%&) %&) 0$%*&) W_) *"%#P)

%'()Wb)#%.)*+$,-$*:)1<)5"-,")bWDbq)%#$),3##$'&0.)&"#$%&$'$(:)3*$)-'&$#&-(%0)"%K-&%&*D)

80%*/1K#%',"*)3*$)-'&$#&-(%0)"%K-&%&*)/1*&0.)<1#)<$$(-'9)%'()%*)#$<39-%)K3&)%0*1)<1#)

+%#&3#-&-1')%'()&"$#/1#$930%&-1'D)c15$7$#:)&"$)/1&-7%&-1')<1#)-'&$#&-(%0)"%K-&%&)3*$)

#$/%-'*) 3',0$%#) (3$) &1) 0-/-&%&-1'*) -') 1K*$#7-'9) $0%*/1K#%',") K$"%7-1#) -') &"$*$)

(.'%/-,) "%K-&%&*D)F$) %#93$) &"%&) $0%*/1K#%',") +#$(%&1#*) ,%') +0%.) %') -/+1#&%'&)

#10$) -') -'&$#&-(%0) <11()5$K*)K.) <$$(-'9)1') *"%#$() #$*13#,$*)(3#-'9)"-9") &-($) T-D$D:)

k"-9"]&-($)+#$(%&1#*lX:)5"-,")%#$)%,,$**-K0$)%'()%0*1),1'*3/$()K.)&$##$*&#-%0)1#)%7-%')

+#$(%&1#*)(3#-'9)015)&-($)T-D$D:)k015]&-($)+#$(%&1#*lXD);')%((-&-1':)$0%*/1K#%',"*)%#$)

%K0$) &1) ,"%'9$) &"$)K-1]9$1/1#+"1019.)1<) -'&$#&-(%0)"%K-&%&*)K.) -',#$%*-'9)"%K-&%&)

"$&$#19$'$-&.)(3$)&1)<$$(-'9)%,&-7-&-$*:)5"-,")/%.)%0*1)%0&$#)#$*13#,$)%7%-0%K-0-&.)<1#)

1&"$#),1'*3/$#*D)F$)(-*,3**)"15)&"$)$,1019-,%0)#10$)1<)$0%*/1K#%',"*)-')-'&$#&-(%0)

habitats is being affected by the continued overexploitation of these species and, 

,1'7$#*$0.:)"15)&"$)901K%0)01**)1<)-'&$#&-(%0)%#$%*)+1*$*)%')%((-&-1'%0)&"#$%&)&1)%')

%0#$%(.)730'$#%K0$)&%i1'1/-,)9#13+D)F$),1',03($)&"%&)*&3(-$*)1')-'&$#&-(%0)$,1019.)

*"130() -',03($)K1&") 015]&-($) T$D9D:) *"1#$K-#(*X) %'()"-9"]&-($) T$D9D:) $0%*/1K#%',"*X)

+#$(%&1#.)93-0(*)%'()&"$-#)$,1019-,%0)-'&$#%,&-1'*D)!"$)901K%0)01**)1<)$0%*/1K#%',")

+#$(%&1#.)*+$,-$*)%'()-'&$#&-(%0)"%K-&%&)+#17-($*)%((-&-1'%0),1/+$00-'9)%#93/$'&*)

<1#)&"$),1'*$#7%&-1')1<)&"$*$)%#$%*D
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6"%+&$#)[
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;'&$#&-(%0)c%K-&%&)>*$)K.)C%.*)%'()="%#P*

%

:(4$.)/94,.(
61%*&%0)"%K-&%&*) %#$) 7-&%0) &1)K1&") ,1%*&%0) %'()1,$%'-,)/%#-'$) *+$,-$*:) 0-P$)/%#-'$)

mammals, teleost fi shes and elasmobranchs (i.e., sharks and rays). Coastal reefs, 

estuaries, saltmarshes and soft-bottom fl at habitats play an important role in the 

0-<$) ,.,0$) 1<) /%'.) *+$,-$*:) <1#) $i%/+0$:) %*) '3#*$#.) "%K-&%&*) <1#) $%#0.) 0-<$) *&%9$*:)

<$$(-'9)%#$%*:)1#)*-&$*)<1#)/%&-'9)1#)*+%5'-'9j+%#&3#-&-1')TQ'-+),$)+-3)UVV[:)=-$7$#*),$)

+-3)UV`ZXD)M/1'9),1%*&%0)"%K-&%&*:)&"$)-'&$#&-(%0)"%#K1#*)*1/$)1<)&"$)/1*&)(.'%/-,)

"%K-&%&*) -') &"$)51#0(D) !"$) -'&$#&-(%0) -*) &"$) &#%'*-&-1') R1'$)K$&5$$') 0%'() %'() *$%:)

K$&5$$') 015)%'()"-9") &-($) 0$7$0*:)5"$#$) &"$) *%/$)"%K-&%&) -*) $i+1*$()(3#-'9) 015)

&-($)%'()*3K/$#9$()(3#-'9)"-9")&-($)TO-93#$)[D`MXD)F-&")901K%0)(-*&#-K3&-1':)-'&$#&-(%0)

$,1*.*&$/*) ($0-7$#) -/+1#&%'&) $,1*.*&$/) *$#7-,$*:) *3,") %*) <11() +#1(3,&-1') %'()

,1%*&%0)+#1&$,&-1') TQ1,"),$)+-3) UVVZ:)G$'-'9$#)UV`Z:)L3##%.),$)+-3) UV`ZXD)c15$7$#:)

-'&$#&-(%0)$,1*.*&$/*)%#$)&"#$%&$'$()K.),1%*&%0)($7$01+/$'&:)#-*-'9)*$%)0$7$0*:)%'()

coastal erosion. Since 1984, approximately 16% of the global areal of intertidal fl at 

%#$%*)"%*)K$$')01*&)TL3##%.),$)+-3)UV`ZXD)!"$)1'91-'9)($9#%(%&-1')1<)&"$*$)"%K-&%&*)

threatens its associated species, some of which already face signifi cant anthropogenic 

(-*&3#K%',$*)0-P$)17$#$i+01-&%&-1':)+1003&-1':)%'(),0-/%&$),"%'9$)T41&R$),$)+-3)UVV^:)

c%0+$#'),$)+-3)UVV\:)Y$'(0$&1'),$)+-3)UV`U:)43),$)+-3)UV`\XD

Intertidal habitats are constantly infl uenced by the rhythm of the tide. Compared 

&1)T*3KX&-(%0)"%K-&%&*:)5"-,")%#$)%05%.*)*3K/$#9$(:)*+$,-$*)3*-'9)&"$)-'&$#&-(%0)<%,$)

%((-&-1'%0) ,"%00$'9$*) %'() ,1'*&#%-'&*) %*) %) #$*30&) 1<) &"$)'$7$#]$'(-'9) ,.,0$) 1<) &"$)

-',1/-'9)%'()#$,$(-'9)&-($)TO-93#$)[D`XD
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Figure 7.1 Intertidal habitats are strongly infl uenced by the tide, being submerged and exposed 
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;'&$#&-(%0) "%K-&%&*) %#$) 1'0.) $i+1*$() 1#) *3K/$#9$() <1#) %) ,$#&%-') +$#-1() 1<) &-/$:)

($+$'(-'9)1')&"$)$0$7%&-1')1<)&"$)"%K-&%&)%'()&"$)01,%0)&-(%0)#$9-/$D)O1#)$i%/+0$:)"-9")

-'&$#&-(%0)"%K-&%&*) *3,")%*) *%0&/%#*"$*)%#$)1'0.) *3K/$#9$()1,,%*-1'%00.:)5"$#$%*)

habitats like intertidal flats and mangroves are often exposed for a certain number 

of hours each day (Figure 7.1). These changes in tidal phases are often influenced by 

*&#1'9)".(#1(.'%/-,)<1#,$*)%'()*$7$#$),"%'9$*)-')&$/+$#%&3#$)%'(j1#)*%0-'-&.)T$D9D:)

=/-&")`Zb^D)c$#'%'($R),$)+-3)UVVUXD)!"$) -'&$#+0%.)1<) &-($*) -')%#$%*)K1#($#-'9) 0%'()

%'()*$%)/%P$*)&"$*$)"%K-&%&*)%,,$**-K0$)&1)K1&")/%#-'$)%'()&$##$*&#-%0j%7-%')*+$,-$*)

TO-93#$)[D`6XD)

!"$)7%03$)1<)-'&$#&-(%0)"%K-&%&*)"%*)K$$')#$,19'-R$()<1#)*+$,-$*)9#13+*)*3,")%*)/-9#%&1#.)

5%(-'9)K-#(*)TY-$#*/%),$)+-3)`ZZ_:)?$++$:)`ZZZX:)/%#-'$)/%//%0*)TN$#/$30$')UV`\:)

F-0*1' and Jones, 2018), teleost fishes (Deppe 1999, Gibson and Yoshiyama 1999) 

%'() $7$') <1#) *1/$) &$##$*&#-%0)/%//%0*) T6%#0&1') %'()c1(($#:) UVV_XD) O1#) -'*&%',$:)

migratory wading birds use intertidal flats as stop-over sites between wintering 

and breeding grounds along their migratory flyways as feeding areas to profit from 

&"$)"-9")%7%-0%K-0-&.)1<)K$'&"-,)+#$.)*+$,-$*)TB5%#&*),$)+-3)`ZZV:)Y-$#*/%),$)+-3)`ZZ_XD)

L%#-'$)/%//%0*)*3,")%*)*/%00),$&%,$%'*)%'()+-''-+$(*)3*$) -'&$#&-(%0)"%K-&%&*) <1#)

<$$(-'9)TN$#/$30$':)UV`\X)%'()<1#)#$*&-'9)TF-0*1')%'()a1'$*:)UV`\X:)5"$#$%*)&$##$*&#-%0)

mammals benefit from the extra feeding opportunities that intertidal habitats provide 

(Carlton and Hodder, 2003). During high tide, marine species such as teleost fishes use 

-'&$#&-(%0)"%K-&%&*)<1#)<$$(-'9:)#$<39$:)%'()%*)%)'3#*$#.)"%K-&%&)T2-K*1')`Z\^:)2-K*1')

%'()o1*"-.%/%)`ZZZXD)!"-*)1<&$')-',03($*)&"$)$%#0.)0-<$)*&%9$*)1<)/%'.),1//$#,-%0)%'()

pelagic fish species (Rangeley and Kramer 1995, Jin ,$)+-3)UVV[XD)

M0&"139")&"$)-/+1#&%',$)1<),1%*&%0)%'()'$%#*"1#$)"%K-&%&*)&1)$0%*/1K#%',")*+$,-$*)

-*)9$'$#%00.)5$00)3'($#*&11()Tc$-&"%3*),$)+-3)UV`V:)Q'-+),$)+-3)UV`VX:)0$**)-*)P'15')%K13&)

the use of tidal habitats (i.e., habitats strongly influenced by tidal water movements). 

O3#&"$#/1#$:)P'150$(9$)1<)-'&$#&-(%0)"%K-&%&)3*$)T-D$D:)"%K-&%&*)&"%&)%#$)1'0.)%7%-0%K0$)

(3#-'9)%),$#&%-')+"%*$)-')&"$)&-(%0),.,0$)(3$)&1)$i+1*3#$X)-*)1<&$'),1/+0$&$0.)%K*$'&)

1#)#$/%-'*)3'(1,3/$'&$(D)!"-*)-*)*3#+#-*-'9:)%*)&"$*$)*+$,-$*)/%.)+0%.)%')$**$'&-%0)

#10$)-')&"$)<3',&-1'-'9)1<)&"$*$)/%#-'$)$,1*.*&$/*)Tc$3+$0),$)+-3)UV`W:)M&511(),$)+-3

UV`bX:)%'()-'&$#&-(%0)"%K-&%&*)+1&$'&-%00.)%0015)$0%*/1K#%',"*)&1)-'(-#$,&0.)-'&$#%,&)

5-&")1&"$#)T&$##$*&#-%0)%'(j1#)%7-%'X)+#$(%&1#)93-0(*D

Ecosystem functioning (i.e., defined as the fluxes of material and energy within an 

$,1*.*&$/)TG#%'(0),$)+-3)UV`ZXX)-*)*3*&%-'$()K.)*+$,-$*)-'&$#%,&-'9)5-&"-')<11()5$K*)

and their abiotic environment (Boero and Bonsdorff, 2007, Brandl ,$) +-3) UV`ZXD)
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Q$.*&1'$)*+$,-$*)1<&$')+0%.)%')-/+1#&%'&)#10$)-')&"$)<3',&-1'-'9)1<)$,1*.*&$/*)K.)

/%-'&%-'-'9)&"$)(-7$#*-&.)%'()*&#3,&3#$)1<)$,1019-,%0),1//3'-&-$*)TL-00*),$)+-3)`ZZ_:)

Y15$#),$)+-3)`ZZ^XD)F-&"-')/%#-'$)<11()5$K*:)0%#9$]K1(-$(:)/1K-0$)*"%#P*)"%7$)K$$')

#$,19'-R$()%*)&1+)+#$(%&1#*)Tc$3+$0),$)+-3)UV`W:)@%7-%),$)+-3)UV`^X:)%'()*/%00$#)*"%#P)

%'()#%.)*+$,-$*)1<&$')1,,3+.)/$*1]+#$(%&1#.)+1*-&-1'*)T@%7-%),$)+-3)UV`^XD)G1&")&1+]

predatory sharks and meso-predatory rays have been identified as having keystone 

#10$*)-'),1#%0)#$$<)%'()-'&$#&-(%0)"%K-&%&*:)#$*+$,&-7$0.)TY15$#),$)+-3)`ZZ^:)c$-&"%3*),$)

+-3 2010, Ruiz and Wolff 2011). According to recent estimates, 31% of all shark species 

%'()_^q)1<)%00)#%.)*+$,-$*)%#$),3##$'&0.)&"#$%&$'$()5-&")$i&-',&-1')T?307.),$)+-3)UVU`X:)

H$1+%#(-R-'9) &"$-#) P$.) #10$) -') &"$) <3',&-1'-'9)1<)/%#-'$)$,1*.*&$/*) TO$##$&&-),$) +-3

UV`V:)M&511(),$)+-3)UV`b:)c%//$#*,"0%9),$)+-3)UV`ZXD)

F$)%-/$()&1)%((#$**)&"$)P'150$(9$)9%+*)*3##13'(-'9)&"$)-'&$#&-(%0)"%K-&%&)3*$)1<)

$0%*/1K#%',"*D)F$)+#17-($)%)901K%0)*.'&"$*-*)1<)%7%-0%K0$)-'<1#/%&-1')1')-'&$#&-(%0)

"%K-&%&)3*$)K.) *"%#P*) %'() #%.*) -')1#($#) &1)($*,#-K$)"15) &"$*$) *+$,-$*)3*$) &"$*$)

"%K-&%&*)%'()&1),1',$+&3%0-R$)"15)&"$*$)"%K-&%&*)%0015)$0%*/1K#%',"*)&1) -'&$#%,&)

with other (low tide) predatory guilds. Specifically, we aimed to (1) describe which 

$0%*/1K#%',") *+$,-$*) %'() 5"-,") 0-<$) *&%9$*) 1<) &"$-#) +1+30%&-1'*) 3*$) -'&$#&-(%0)

"%K-&%&*)%'()<1#)5"%&)+3#+1*$:)TUX)($*,#-K$)'17$0)+$#*+$,&-7$*)1')"15)*"%#P*)%'()#%.*)

+1&$'&-%00.)-'&$#%,&)5-&")1&"$#)*+$,-$*)%'()+#$(%&1#)93-0(*:)5-&")%)<1,3*)1')+1&$'&-%0)

trophic interactions between different predatory guilds using intertidal habitats, and 

T_X)(-*,3**)"15)&"$)#$/17%0)1<)*"%#P*)%'()#%.*)<#1/)&"$*$)%#$%*),130()3'($#/-'$)

&"$)<3',&-1'-'9)1<)-'&$#&-(%0)$,1*.*&$/*)%'()&"$-#),1//3'-&-$*: %'(),1'7$#*$0.)"15)

the loss of intertidal habitats could affect sharks and rays.

G24".)&
!1) -($'&-<.) 0-&$#%&3#$) ($*,#-K-'9) &"$) -'&$#&-(%0) "%K-&%&) 3*$) K.) $0%*/1K#%',"*:) 5$)

+$#<1#/$() %) 0-&$#%&3#$) *$%#,") 1') &"$)F$K) 1<) =,-$',$D) !"-*) 0-&$#%&3#$) *$%#,") 5%*)

,1'(3,&$() 3*-'9) %) ,1/K-'%&-1') 1<) &"$) *$%#,") &$#/*) k$0%*/1K#%',"äl:) k*"%#Päl:)

k#%.äl:) k*P%&$l:) kK%&1-(äl:) %'() k,"1'(#-,"&".%'äl) 5-&") k&-(%0äl) %'() k-'&$#&-(%0älD)

M<&$#)($0$&-'9) -##$0$7%'&) *&3(-$*) T-D$D:) *&3(-$*)13&*-($) &"$) *,1+$)1<) &"-*) *&3(.X:) &"-*)

*$%#,") #$*30&$() -') `bV) *&3(-$*D) =$,1'(0.:) 5$) -',03($() %((-&-1'%0) 0-&$#%&3#$) K%*$()

1') &"$) -'-&-%0) 0-&$#%&3#$) *$%#,") K.) <10015-'9) &"$) *'15K%00) +#-',-+0$) T*$$) 4$,.) %'()

G$%&&.)UV`UX:)#$*30&-'9)-')%)&1&%0)1<)WV_)*&3(-$*)&1)K$)-',03($()-')13#)#$7-$5)+#1,$**D)

Each study was assessed by two different researchers and was only included if 

the study described elasmobranchs utilizing intertidal habitats, defined as shallow 

coastal habitats that are influenced by the tidal cycle, that emerge during low tide 
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and are submerged during high tide (i.e., differing from tidal habitats that are not 

'$,$**%#-0.)$i+1*$()(3#-'9)015)&-($m)!%K0$)[D`XD)!"$*$)"%K-&%&*)-',03($()*1<&]K1&&1/)

mudflats and sandflats, including beaches, and vegetated soft-bottom flats (e.g., 

intertidal seagrass beds, mangroves or saltmarshes), and hard-bottom reef flats that 

%#$)$i+1*$()<1#)%),$#&%-')&-/$)1<) &"$)(%.) T-D$D:)($+$'(-'9)1')&"$)&-(%0)#$9-/$)%'()

03'%#),.,0$XD)M((-&-1'%00.:)5$)%(($()*&3(-$*)&"%&)($*,#-K$)*+$,-$*)3&-0-R-'9)&-($)+110*:)

tidal creeks and channels that connect intertidal flat habitats, such as within large 

-'&$#&-(%0)/%'9#17$)%'()*%0&/%#*")%#$%*)T!%K0$)[D`XD)F$)$i,03($()*&3(-$*)<1#)5"-,")

-&)5%*)3',$#&%-') -<) &"$)<1,%0)*+$,-$*)3*$()&"$) -'&$#&-(%0)+%#&)1<) &"$)*&3(.:)#$*30&-'9)

-')%),1'*$#7%&-7$)*$0$,&-1')1<)``Z)+3K0-,%&-1'*)($*,#-K-'9)&"$)-'&$#&-(%0)"%K-&%&)3*$)

1<)$0%*/1K#%',"*D)O1#)$%,")*&3(.:)5$)&"$')$i&#%,&$()1K*$#7%&-1'*)1<)*+$,-$*)3*-'9)

one or more of the defined habitats. For each species, we then described all defined 

"%K-&%&*)<1#)5"-,")"%K-&%&)3*$)1<)&"%&)*+$,-$*)5%*)(1,3/$'&$(:)5"-,")0-<$)*&%9$*)1<)

&"$)*+$,-$*)3*$)&"$*$)"%K-&%&*:)%'()5"-,")K$"%7-1#)5%*)1K*$#7$()1#)".+1&"$*-R$()&1)

motivate their intertidal habitat use (Appendix 7.4). Habitats were classified according 

to their definitions (Table 7.1). 

Table 7.1 Definitions of intertidal habitats, with differentiation of soft- and hard-substrate flats, 
tidal creeks and tidal pools. Definitions were based on Rafaelli and Hawkins (1999), Mitra and 
B%/%')TUV`^X:)%'()Q%-*$#),$)+-3)TUVUVXD

Intertidal habitat: shallow coastal habitat that is influenced by the tidal cycle, emerging 
(3#-'9)015)&-($)%'()*3K/$#9$()(3#-'9)"-9")&-($D
Soft-bottom flats Sand or mud flats are regularly exposed during low tide while 

submerged during high tide. This includes vegetated soft-bottom flats 
T$D9D:)-'&$#&-(%0)*$%9#%**:)/%'9#17$*)1#)*%0&)/%#*"$*XD

Reef flats Coral or rocky reef flats are regularly exposed during low tide while 
*3K/$#9$()(3#-'9)"-9")&-($D

Tide pools M)5%&$#)K1(.)-*10%&$()(3#-'9)015)&-($)%'()T+%#&-%00.X),1''$,&$()5-&")
*3##13'(-'9)5%&$#*)(3#-'9)"-9")&-($D)!"$*$)-',03($)&-($)+110*)%'()&-(%0)
0%911'*D

Tidal creeks and 
channels

Creeks and channels that are dependent on tidal flow and connect 
or flow through intertidal areas. Creeks and channels can partially or 
,1/+0$&$0.)<%00)(#.)(3#-'9)015)&-($D

;')-'*&%',$*)5"$#$)%)*&3(.)($*,#-K$()%)*+$,-$*)3*-'9)/30&-+0$)-'&$#&-(%0)"%K-&%&*:)%00)

used habitats were recorded. Life stages (when specified) were classified as neonates, 

.13'9]1<]&"$].$%#)ToAoX:)H37$'-0$*:)1#)%(30&*D);<)/30&-+0$)0-<$)*&%9$*)1<)%)*+$,-$*)5$#$)

documented to use a habitat, all were documented. We classified behavior into 

<13#)'1']$i,03*-7$),%&$91#-$*S)<$$(-'9:)#$<39$:)#$+#1(3,&-1')%'()&"$#/1#$930%&-1'D)

;<) /1#$) &"%') 1'$) /1&-7%&-1') <1#) -'&$#&-(%0) "%K-&%&) 3*$) 5%*) ".+1&"$*-R$() -') &"$)

study, all of these motivations were recorded. We classified feeding behavior if the 
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%3&"1#*),130()($&$#/-'$)&"%&)&"$)*+$,-$*)3*$()&"$)"%K-&%&)<1#)<1#%9-'9)1#)+#$(%&-1'D)

C$+#1(3,&-1')-'(-,%&$*)&"%&)&"$)%#$%)5%*)3*$()<1#)/%&-'9:)+%#&3#-&-1':)1#)$99]0%.-'9:)

%'()&"$#/1#$930%&-1')5%*)3*$()-<)&"$)%3&"1#*)-'(-,%&$()&"$)$0%*/1K#%',")*+$,-$*)

3*$()&"$)%#$%)&1)#$930%&$)&"$-#)K1(.)&$/+$#%&3#$D)

Intertidal habitat use by sharks and rays
We selected 119 studies from 20 different countries covering six continents that 

%($n3%&$0.)($*,#-K$()$0%*/1K#%',"*)3&-0-R-'9)-'&$#&-(%0)"%K-&%&*)TM++$'(-i)[D`:)[DWXD)

!"$)0%#9$)/%H1#-&.)1<)*&3(-$*)5$#$),1'(3,&$()-')A,$%'-%)T^UDbqX)%'()@1#&")M/$#-,%)

TU_D_qX:)5"$#$%*) &"$) 015$*&)'3/K$#)1<) *&3(-$*)5$#$),1'(3,&$() -')=13&")M/$#-,%)

T`D[qX:)M<#-,%)TWD[qX:)%'()83#1+$)TVDWqXD)!"-*),1'&#%*&*)5-&")&"$)901K%0)(-*&#-K3&-1')1<)

K1&")-'&$#&-(%0)%#$%*)%'()$0%*/1K#%',")*+$,-$*D)!"$)/%H1#-&.)1<)-'&$#&-(%0)"%K-&%&*)

%#$) 01,%&$() -') 8%*&) M*-%) T$D9D:) 6"-'%:)L%0%.*-%X) %'()F$*&$#') 83#1+$ TL3##%.) ,$) +-3

UV`Z:) UVUUX:) 5"$#$%*) 901K%0) "1&*+1&*) <1#) ,1%*&%0) *"%#P) %'() #%.) K-1(-7$#*-&.) %#$)

located off the northern and eastern coast of Australia, the Indo-West Pacific, 

a%+%':)6"-'%:) !%-5%':) &"$) *13&"5$*&) ;'(-%')A,$%')%'()5$*&$#')M<#-,%) T=&$-'),$) +-3

UV`\:)?$##-,P),$)+-3)UVUV:)?307.),$)+-3 2021). These differences are likely due to the 

#$0%&-7$0.) "-9"$#) '3/K$#)1<) $0%*/1K#%',"]<1,3*$() *&3(-$*) ,1'(3,&$() -')M3*&#%0-%)

%'()&"$)>'-&$()=&%&$*)TL1/-90-%'1)%'()c%#,13#&:)UV`WX)1#)(3$)&1)0-/-&$()T+3K0-*"$(X)

#$*$%#,")-')1&"$#)#$9-1'*)(3$)&1)$,1'1/-,)T$D9D:)0-/-&$()#$*13#,$*)%'(),%+%,-&.X)%'()

*1,-%0)K%##-$#*)T$D9D:)0-/-&$()-'&$9#%&-1')%'()1<)'1']8'90-*")#$*$%#,"$#*X)T2#%"%/),$)

+-3)UVUUXD)!"-*)-/K%0%',$)/%-'&%-'*)$i-*&-'9)P'150$(9$)9%+*)#$0%&$()&1)&"$)$,1019.)

1<) $0%*/1K#%',"*) 5-&"-') 0%#9$) -'&$#&-(%0) %#$%*:) *3,") %*) &"$) &#1+"-,) $,1019.) %'()

*+%&-1&$/+1#%0)3*$)1<)-'&$#&-(%0)"%K-&%&*:)%'()9$'$#%00.)"15)&"$*$)"%K-&%&*),1'&#-K3&$)

to the overall fitness of a (specific life stage of) elasmobranch species. The lack of 

*&3(-$*)1')-'&$#&-(%0)"%K-&%&)3*$)1<)$0%*/1K#%',"*)-')83#1+$%')5%&$#*),%')K$),%3*$()

by the great decline that these species experienced in the region due to overfishing 

%'() "%K-&%&) ($9#%(%&-1'D) O1#) $i%/+0$:) 1',$) ,1//1':) $0%*/1K#%',") *+$,-$*) %#$)

now rare in the Wadden Sea, the largest intertidal area in the world (Wolff 2005).

9(&-$&,'1,$%5'$%*&#*$)".';">$*"*,
=$0$,&$() *&3(-$*) ($*,#-K$) %) &1&%0) 1<) U_U) 1K*$#7%&-1'*) 1<) $0%*/1K#%',") *+$,-$*)

3*-'9) -'&$#&-(%0) "%K-&%&*:)5-&") &"$)'3/K$#)1<) 1K*$#7%&-1'*)(-7-($() $n3%00.) %/1'9)

*"%#P*)T')r)``^X)%'()#%.*)T')r)``^XD)AK*$#7%&-1'*)($*,#-K$)-'&$#&-(%0)"%K-&%&)3*$)1<)\\)

elasmobranch species belonging to 25 different families (Figure 7.2). The three most 

<#$n3$'&0.)($*,#-K$()*+$,-$*)%#$)&"$)K0%,P&-+)#$$<)*"%#P)T.+&/0+&0%#12)*,-+#"5$,&12:)
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Carcharhinidae; n = 15), sicklefin lemon shark (R,(+5&%"#)+/1$%7,#2:)6%#,"%#"-'-(%$m)

')r)ZX:)%'()&"$)9-%'&)*"17$0'1*$)#%.)TA-+1/"2$,(12)$'512:)20%3,1*&$9-(%$m)')r)ZXD)L1*&)

*+$,-$*)($*,#-K$()-')&"$)*$0$,&$()*&3(-$*)K$01'9$()&1)&"$)<%/-0-$*)1<)#$n3-$/)*"%#P*)

(Carcharhinidae, 31.9%), stingrays (Dasyatidae, 23.3%), sawfishes (Pristidae, 6.0%), 

"%//$#"$%()*"%#P*)T=+".#'-(%$:)WD_qX:)%'()"13'(*"%#P*)T!#-%P-(%$:)WD_qXD)

8%#0.) 0-<$) *&%9$*) 3*$) -'&$#&-(%0) "%K-&%&*) /1#$) ,1/+%#$() &1) %(30&) $0%*/1K#%',"*)

TM++$'(-i)[DUMXD) !"$)"-9")+$#,$'&%9$)1<)'$1'%&$*) T[DWqX:) .13'9]1<]&"$].$%#) ToAo:)

bD_qX:)%'()H37$'-0$*)T_\DbqX),1/+%#$()&1)%(30&*)TUbD[qX)3*-'9)&"$)-'&$#&-(%0)*399$*&)

&"%&) &"$*$)"%K-&%&*) %#$) -/+1#&%'&) "%K-&%&*) <1#) $%#0.) 0-<$) *&%9$*) 1<) $0%*/1K#%',"*:)

+#17-(-'9)K1&")#$<39$)%'()<$$(-'9)1++1#&3'-&-$*D)!"$)(-*,#$+%',.)K$&5$$')H37$'-0$*)

%'()%(30&*)3*-'9) -'&$#&-(%0)"%K-&%&*) -*)/1#$)$7-($'&)<1#) 0%#9$]K1(-$()*"%#P)*+$,-$*)

T$D9D:)#$n3-$/)*"%#P*:)"%//$#"$%()*"%#P*)%'()'3#*$)*"%#P*:)2-'90./1*&1/%&-(%$X)

,1/+%#$() &1) */%00]K1(-$() *"%#P*) T$D9D:) "13'(*"%#P*) %'() 01'9&%-0$() ,%#+$&*"%#P*:)

c$/-*,.0--(%$X)%'()#%.*)T$D9D:)*&-'9#%.*XD)!"-*)*399$*&*)&"%&)-'&$#&-(%0)"%K-&%&*)/%.)K$)

%')-/+1#&%'&),1/+1'$'&)1<),1%*&%0)'3#*$#.)%#$%*)1<)&"$*$)*+$,-$*)&1)/-'-/-R$)&"$)

risks posed by adult conspecifics or other predators (Heupel ,$)+-3)UVV[:)=+$$(),$)+-3

UV`V:)L%#&-'*),$)+-3)UV`WXD)Y#$7-13*)*&3(-$*)3'($#0-'$)&"$)-/+1#&%',$)1<)'$%#*"1#$)

"%K-&%&*)<1#)&"$)$%#0.)0-<$)*&%9$*)1<)*"%#P*)TQ'-+),$)+-3)UV`V:)6"-'),$)+-3)UV`^X)%'()#%.*)

TN%3(1)%'()c$-&"%3*)UV`U:)L%#&-'*),$)+-3) UV`\XD)!"$*$) #$*30&*) *"15) &"%&)$%#0.) 0-<$)

*&%9$*)+1**-K0.)#$0.)/1#$)1')-'&$#&-(%0)"%K-&%&*)&"%')%(30&)$0%*/1K#%',"*D

80%*/1K#%',"*)5$#$)/1*&0.)(1,3/$'&$()-')*1<&]K1&&1/)-'&$#&-(%0)"%K-&%&*)Tb^DZqX:)

5-&") /1*&) 1K*$#7%&-1'*) K$-'9) *&-'9#%.*) T_`D\q:) ?%*.%&-(%$X) %'() #$n3-$/) *"%#P*)

TUUDZq:) 6%#,"%#"-'-(%$X) TM++$'(-i) [DUGXD) !-(%0) ,#$$P*) %'() ,"%''$0*) 5$#$) /1*&0.)

used by requiem sharks (61.9%), and sawfishes (11.9%), and reef flats were mostly 

3*$() K.) #$n3-$/) *"%#P*) TW`DUq:) 6%#,"%#"-'-(%$X:) *&-'9#%.*) TU_Dbq:) ?%*.%&-(%$X:)

%'()01'9&%-0$(),%#+$&*"%#P*)T`WD[q:)c$/-*,.00--(%$XD)!-(%0)+110*)%'()0%911'*)TWDVqX)

5$#$)(1,3/$'&$() &1)K$)3*$()K.) *+$,-$*) 0-P$) &"$)K0%,P&-+) #$$<) *"%#P:)'3#*$) *"%#P)

TA%#(-'*"2$"*+) /%&&+$1*, Ginglymostomatidae), and shortnose guitarfish (^+5$,&':)

L&,B%&"2$&%2:)!#.91'1##"-'-(%$XD)

="%#P*)%'()#%.*)3*$)&"$)+#1(3,&-7$) -'&$#&-(%0)/%-'0.) <1#) <$$(-'9)K3&)%0*1)%*)#$<39$:)

#$+#1(3,&-1') %'() &"$#/1#$930%&-1') TO-93#$) [D_MXD) 80%*/1K#%',") *+$,-$*) 3*$) &"$*$)

"-9"0.)(.'%/-,)"%K-&%&*)%*)*11')%*) &"$*$)K$,1/$)%7%-0%K0$)5-&") &"$) -',1/-'9) &-($:)

/17-'9)-')<#1/),1''$,&$()"%K-&%&*D)>&-0-R%&-1')1<)-'&$#&-(%0)"%K-&%&*)K.)$0%*/1K#%',"*)

+$%P*)(3#-'9)"-9")&-($)TM,P$#/%'),$)+-3)UVVV:)L%&$#'),$)+-3)UVVV:)6%/+1*),$)+-3)UVVZ:)

6%#0-*0$)%'()=&%##)UV`VXD)?3#-'9)#$,$(-'9)&-($:)$0%*/1K#%',"*)/17$)&1)%(H%,$'&)T$(9$X)
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"%K-&%&*)*3,")%*)&"$)*"%0015)*3K&-(%0:)&-(%0),#$$P*)1#),"%''$0*)&1)*$$P)#$<39$)1#)&1)<$$()

(3#-'9)&"$)015)&-($)+"%*$)T6%/+1*),$)+-3)UVVZ:)G#-'&1')%'()63##%')UV`[:)L%#&-'*),$)

+-3)UVUVXD)=1/$)$0%*/1K#%',")*+$,-$*)"%7$)K$$')(1,3/$'&$()&1)#$/%-')-')*"%0015)

T*$/-]X$',01*$()5%&$#)K1(-$*)0-P$)&-($)+110*)1#)0%911'*)(3#-'9)015)&-($)TO-93#$)[D_MXD

Figure 7.2) !"$) *"%#P) TK03$X) %'() #%.) T#$(X) <%/-0-$*) <1#)5"-,") -'&$#&-(%0) "%K-&%&) 3*$)"%*) K$$')
confirmed. Percentages indicate the relative number of observations of a family in the reviewed 
studies. The different species for which intertidal habitat use was confirmed are indicated by 
the different segments (black lines within each family), and colors indicate the taxonomic family. 
The total number of species confirmed to use intertidal habitats is given for both sharks and 
#%.*:)5-&")&"$)+#1+1#&-1')1<)&"#$%&$'$()*+$,-$*)9-7$')-')+%#$'&"$*-*D)

A&&)$%5'$%'$%*&#*$)".';">$*"*,
L1*&)*&3(-$*)($*,#-K$()&"$)<$$(-'9)K$"%7-1#)1<)$0%*/1K#%',"*)-')-'&$#&-(%0)"%K-&%&*)

T_UD_q:) M++$'(-i) [DU6XD) =&-'9#%.*) Tb[DWq:) ?%*.%&-(%$X) %'() $%90$) #%.*) T`VD_q:)

L.0-1K%&-(%$X)%,,13'&$()<1#)/1*&)<$$(-'9)1K*$#7%&-1'*)K.)#%.*:)%*)&"$*$)*+$,-$*)1<&$')
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leave distinctive feeding pits on intertidal soft-bottom flats (e.g., Hines ,$) +-3) `ZZ[:)

AJ="$%),$)+-3)UV`U:)!%P$3,"-)%'()!%/%P-)UV`WX) TO-93#$)[D_MXD)A<)%00)*"%#P*:) -'&$#&-(%0)

<$$(-'9)K$"%7-1#)5%*)/%-'0.)($*,#-K$()<1#)#$n3-$/)*"%#P*) T^UD`q:)6%#,"%#"-'-(%$X:)

"13'(*"%#P*)TUWD`q)!#-%P-(%$X:)%'()"%//$#"$%()*"%#P*)T`VD_q)=+".#'-(%$XD)O$$(-'9)

%,&-7-&-$*)1<)$0%*/1K#%',"*)/%.)"%7$)(-#$,&)T-D$D:)#$/17%0)1<)+#$.)*+$,-$*X)%'()-'(-#$,&)

effects (i.e., changing biogeomorphology, biogeochemistry) on intertidal habitats. 

Direct trophic effects

;') '$%#*"1#$) $,1*.*&$/*:) 0%#9$]K1(-$() *"%#P*) 0-P$) &"$) 9#$%&) "%//$#"$%() *"%#P)

T<50'&#+)*"8+&&+#:)=+".#'-(%$X:) &-9$#)*"%#P) TA+-,"/,&7")/1B%,&:)6%#,"%#"-'-(%$X:)%'()

K300)*"%#P)T.+&/0+&0%#12)-,1/+2:)6%#,"%#"-'-(%$X:)1,,3+.)&1+]+#$(%&1#.)'-,"$*)%'(),%')

,1'&#10) &"$)%K3'(%',$)1<) 015$#)&#1+"-,)*+$,-$*) Tc$-&"%3*)UVV`:)M&511(),$)+-3)UV`b:)

@%7-%),$)+-3)UV`^:)c%//$#*,"0%9),$)+-3)UV`ZXD);'),1%*&%0)%#$%*:)0%#9$)*"%#P*)%#$)1<&$')

defined as generalist predators (e.g., Nowicki ,$)+-3)UV`Z:)c3**$.),$)+-3)UV`bX:)5-&")%)(-$&)

consisting of large teleost fishes, rays, smaller shark species, and sea turtles (Figure 

[D_GXD)?$+$'(-'9)1')&"$)"%K-&%&:)1'&19$'$&-,),"%'9$*:)%'() -'(-7-(3%0)*+$,-%0-R%&-1':)

0%#9$)*"%#P*),%')%0*1)K$)*+$,-%0-*&)+#$(%&1#*)TL%&-,"),$)+-3)UV`[XD)O1#)$i%/+0$:)9#$%&)

"%//$#"$%()*"%#P*)5$#$)<13'()&1)K$)*+$,-%0-R$()*"%#P)%'()#%.)+#$(%&1#*)-')$%*&$#')

M3*&#%0-%)TC%130&),$)+-3)UV`ZXD)!"$)'-,"$*)1<)*1/$)*"%#P)*+$,-$*)%#$)5-($#)%'()/1#$)

#$*-0-$'&)&1)T$'7-#1'/$'&%0X),"%'9$*)TL3'#1$),$)+-3)UV`WXD)A3#)#$*30&*)*"15)&"%&)%(30&*)

1<) 0%#9$]K1(-$()*"%#P)*+$,-$*) #%#$0.)3*$) -'&$#&-(%0)"%K-&%&*D)!"-*),130()K$)$i+0%-'$()

K.)&"$)+".*-,%0),1'*&#%-'&*)1<)*"%0015)"%K-&%&*)<1#)0%#9$]K1(-$()*"%#P*:)%'()%)0%,P)1<)

0%#9$#)+#$.D)c15$7$#:)C1$/$#),$)+-3)TUV`^X)*"15)&"%&)%(30&)9#$%&)"%//$#"$%()*"%#P*)

7$'&3#$)-'&1)*"%0015)5%&$#*)&1)<$$()1')*/%00)*"%#P*)1#)$%90$)#%.*D)!"-*)*399$*&*)&"%&)

0%#9$)*"%#P*)])%*)7%9#%'&)+#$(%&1#*)1,,3+.-'9)%)&1+]+#$(%&1#.)+1*-&-1')Tc$3+$0),$)+-3

UV`W:)@%7-%),$)+-3)UV`^X)Å)/%.)3*$)*"%0015)"%K-&%&*)0-P$)&"$)-'&$#&-(%0)1++1#&3'-*&-,%00.)

K3&)*+$'()&"$)0%#9$)/%H1#-&.)1<)&-/$)-')T%(H%,$'&X)*3K&-(%0)5%&$#*)TO-93#$)[D`6XD)M*)0%#9$)

*"%#P*),%'),1'&#10)+#$.)%K3'(%',$)&"#139")&1+](15')+#1,$**$*)T$D9D:)G%*,1/+&$),$)

+-3) UVVbX:) &"$) #$/17%0)1<) 0%#9$) *"%#P*) -*)".+1&"$*-R$() &1) #$0$%*$)+#$.) *+$,-$*) <#1/)

+#$(%&-1':),%3*-'9)%')-',#$%*$)-')&"$-#)%K3'(%',$)TF%#()%'()L.$#*)UVVb:)L.$#*),$)+-3

UVV[:)O$##$&&-),$)+-3)UV`V:)M&511(),$)+-3)UV`bX:)K3&)&"$*$)+#$(%&1#]+#$.)(.'%/-,*)'$$()

<3#&"$#)-'7$*&-9%&-1')T$D9D:)2#3KK*),$)+-3)UV`^XD

F$)<13'()&"%&)-'&$#&-(%0)"%K-&%&*)%#$)/1*&0.)3*$()K.)$%#0.)0-<$)*&%9$*)%'()*/%00]K1(-$()

$0%*/1K#%',"*)T$D9D:)Q'-+),$)+-3)UV``:)2$1#9$),$)+-3)UV`ZX:)5"-,")&.+-,%00.)1,,3+.)%)/$*1]

+#$(%&1#.) +1*-&-1') -') ,1%*&%0) <11()5$K*) T@%7-%) ,$) +-3) UV`^:) O015$#*) ,$) +-3) UVU`XD) C%.)

*+$,-$*)<$$(-'9)-')-'&$#&-(%0)"%K-&%&*),%')"%7$)%)9$'$#%0-*&)1#)*+$,-%0-*&)<$$(-'9)*&#%&$9.D)
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%

O1#)$i%/+0$:)9$'$#%0-*&)*+$,-$*)0-P$)&"$)@$5)B$%0%'()$%90$)#%.)TK'-%"L+$%2)$,#1%/+17+$12:)

L.0-1K%&-(%$X:)K%&)#%.)TK'-%"L+$%2)/+-%9"&#%/12:)L.0-1K%&-(%$X:)&"$)M/$#-,%'),15'1*$)#%.)

TC0%#"5$,&+) L"#+212:) C"-'1+&$#-(%$X:) %'() ;'(1'$*-%') *"%#+'1*$) #%.) TH,-+$&'("#) L%+2+:)

?%*.%&-(%$X),1'*3/$)%)5-($)7%#-$&.)1<)+#$.)*+$,-$*)%*)+%#&)1<)&"$-#)1++1#&3'-*&-,)<$$(-'9)

*&#%&$9.)T2#%.),$)+-3)`ZZ[:)c-'$*),$)+-3)`ZZ[:)6100-'*),$)+-3)UVV[:)4-/),$)+-3)UV`\:XD)=+$,-%0-*&)

/$*1+#$(%&1#*)0-P$)&"$)0$1+%#()*"%#P)TH&%+8%2)2,*%9+2/%+$+:)!#-%P-(%$X)<$$()+#-/%#-0.)1')%)

'%##15)#%'9$)1<)+#$.)*+$,-$*:)0-/-&$()&1)%)(-$&),1'*-*&-'9)1<)%)*/%00)'3/K$#)1<)+10.,"%$&$)

1#)K-7%07$) *+$,-$*) TM,P$#/%'),$) +-3) UVVVXD) MH$/-%')%'()Y15$#*) TUV``X) *"15) &"%&) &"$)

<$$(-'9) *&#%&$9.)1<)M/$#-,%'),15'1*$) #%.*)+1**-K0.) *5-&,"$*)K$&5$$')*+$,-%0-*&) %'()

1++1#&3'-*&-,)9$'$#%0-*&)<$$(-'9)*&#%&$9-$*)($+$'(-'9)1')01,%&-1')%'()+#$.)%7%-0%K-0-&.D)

M(30&)K%&)#%.*),1'*3/$) 0%#9$#)%'()"%#($#)+#$.) T$D9D:) 0%#9$)K-7%07$*)%'(),#3*&%,$%'*X:)

compared to juvenile conspecifi cs, which have a more generalist feeding strategy and 

<$$()1')%)5-($#)7%#-$&.)1<)+#$.)T$D9D:)*/%00)K-7%07$*)%'()*"#-/+X)T2#%.),$)+-3)`ZZ[XD)

Figure 7.3)MS)61',$+&3%0)7-*3%0-R%&-1')1<)-'&$#&-(%0)"%K-&%&)3*$)K.)$0%*/1K#%',"*)<1#)K1&")&-(%0)
+"%*$*:)015)&-($)T&1+X)%'()"-9")&-($)TK1&&1/XD)T@8A)r)'$1'%&$*:)oAo)r).13'9]1<]&"$].$%#:)a>N)
= juveniles, AD = adults). B: Simplifi ed intertidal food web consisting of intertidal prey species 
T9#$$'X:) 015]&-($)+#$(%&1#*)TK#15'X:)%'()/%#-'$)+#$(%&1#*)T$0%*/1K#%',")/$*1]+#$(%&1#*) -')
red, elasmobranch top-predators in dark blue, and teleosts in light blue). C: The risk-eff ects 
-'(3,$()K.)-'&$#&-(%0)+#$(%&1#*)%'()&"$)*&#%'(-'9)#-*P)<1#)/%#-'$)+#$(%&1#*D
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M)*-/-0%#)1'&19$'$&-,)*"-<&)5%*)*"15')<1#)1&"$#)#%.)%'()K$'&"-,)*"%#P)*+$,-$*)TG$&"$%)

,$)+-3)UVV[:)4-/),$)+-3)UV`\:)60$/$'&*),$)+-3)UVUUXD)c100$'*$%(),$)+-3)TUV`^X)($*,#-K$)&"%&)

juvenile smalltooth sawfishes (E&%2$%2)5,/$%#+$+:)Y#-*&-(%$X)/1*&)0-P$0.)3*$)&"$)$(9$)1<)

intertidal flats to ambush schools of mullet (Mugilidae), leaving the intertidal habitat 

(3#-'9)&"$)#$,$(-'9)&-($D)6100$,&-7$0.:)/$*1]+#$(%&1#.)$0%*/1K#%',"*)+#-/%#-0.)<$$()

1'),#3*&%,$%'*:)K-7%07$*:)+10.,"%$&$*)%'()*/%00)&$0$1*&*)-')-'&$#&-(%0)"%K-&%&*)(3#-'9)

"-9")&-($)T!%0$'&)`Z\U:)c%$*$P$#)%'()6$,")`ZZW:)M,P$#/%'),$)+-3)UVVVX)TO-93#$)[D_GXD)

These meso-predators can affect (benthic) prey abundance through direct predation 

TC$-($'%3$#)%'()!"-*&0$)`Z\`:)Y#-(/1#$),$)+-3)`ZZV:)AJ="$%),$)+-3)UV`UXD)O1#)-'*&%',$:)

%)01,%0)-',#$%*$)1<)#$()*&-'9#%.*)TF,*%$&'("#)+8+N,%:)?%*.%&-(%$X)-')a%+%')5%*)(-#$,&0.)

0-'P$()&1)($,0-'$*)-')9"1*&)*"#-/+)TR,"$&'5+,+)0+&*+#7%:)6%00-%'%**-(%$X)+1+30%&-1'*)

TO0%,")%'()!%/%P-)UVV`:)!%P$3,"-),$)+-3)UV`_:)!%P$3,"-)%'()!%/%P-)UV`WXD

Indirect effects of elasmobranch predation

?$+$'(-'9)1')*$(-/$'&),"%#%,&$#-*&-,*)%'()5%&$#) &3#K-(-&.:) &"$) <$$(-'9)%,&-7-&.)1<)

$0%*/1K#%',"*),%')K$)/1'-&1#$()K1&")(3#-'9)"-9")%'() 015)&-($D)A')/1#$),1%#*$)

*$(-/$'&) %'() "%#(]K1&&1/) *3K*&#%&$*:) <$$(-'9) &#%,$*) %#$) '1&) +#$*$#7$(:) 0-/-&-'9)

1K*$#7%&-1'*)1<)$0%*/1K#%',")<$$(-'9)&1)"-9")&-($)1K*$#7%&-1'*)TQ%''1),$)+-3)UV`Z:)

4-/),$)+-3)UV`\XD) ;<)5%&$#)7-*-K-0-&.)%0015*:)&"$*$)/$&"1(*),%')K$)3*$()&1)(1,3/$'&)

<$$(-'9)%,&-7-&.)%'()&"$)(3#%&-1')1<)-'&$#&-(%0)"%K-&%&)3*$)TQ%''1),$)+-3)UV`ZXD)

!"$) <$$(-'9) %,&-7-&.) 1<) $0%*/1K#%',"*) (3#-'9) "-9") &-($) 1') *1<&]K1&&1/) -'&$#&-(%0)

flats might still be visible during low tide (Figure 7.3A). In these areas, the feeding 

K$"%7-1#) 1<) *&-'9#%.*) %'() $%90$) #%.*) ,%') 0$%7$) (-*&-',&) *$(-/$'&) ($+#$**-1'*) 1#)

$i,%7%&-1'*:)*1],%00$()E#%.)+-&*J)T$D9D:)2#%'&)̀ Z\_:)4.'']L.#-,P)%'()O0$**%)̀ ZZ^:)AJ="$%)

,$)+-3)UV`U:)!%P$3,"-)%'()!%/%P-)UV`WXD)F-&")&"$-#)<$$(-'9)K$"%7-1#:)#%.*),%'),"%'9$)

&"$)K-19$1/1#+"1019.)1<)*1<&]K1&&1/)-'&$#&-(%0)"%K-&%&*)&"#139")K-1&3#K%&-1')%'()

&"$#$K.) %,&) %*) $,1*.*&$/) $'9-'$$#*) TQ#-*&$'*$') ,$) +-3) UV`UXD) AJ="$%) ,$) +-3) TUV`UX)

($&$#/-'$()&"%&)3+)&1)WUq)1<)&"$)*1<&]*$(-/$'&)"%K-&%&)-')L%'9#17$)G%.)TM3*&#%0-%X)

-*) #$51#P$()K.) *&-'9#%.*)$7$#.) .$%#D)A')?$K-(3$) O0%&) T>'-&$()=&%&$*X:) #$*$%#,"$#*)

estimate excavation activity by rays to turn over the top layer of the entire flat every 

`VV)&1)`:VVV)(%.*)T?JM'(#$%),$)+-3 2004), and in Bahía La Choya (Mexico), rays only 

'$$()%K13&)[U)(%.*)&1)17$#&3#')&"$)$'&-#$)&1+)0%.$#)T4.'']L.#-,P)%'()O0$**%)`ZZ^XD)

Differences in these turnover rates between studies are dependent on ray densities, 

species, perceived risk (discussed in 3.3. ‘Risk effects and avoidance in intertidal 

habitats’), and methodological differences across studies (Flowers ,$)+-3)UVU`XD)!"$)

-',#$%*$()K-1&3#K%&-1')K.)#%.*),%')+1&$'&-%00.) 0$%()&1),"%'9$*) -')K-19$1,"$/-*&#.)
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as a result of bioturbation effects on grain size and sediment stability (Lohrer ,$)+-3

UVVW:)L$.*/%'),$)+-3)UVV^:)4%7$#1,P),$)+-3)UV``XD);',#$%*$()K-1&3#K%&-1'),%')%0*1)0$%()

&1)-',#$%*$()+#-/%#.)+#1(3,&-1')-')-'&$#&-(%0)*.*&$/*)T2-1#9-'-),$)+-3)UV`ZX)%'(),%3*$)

,"%'9$*)-')&"$),1/+1*-&-1')1<)K$'&"-,)*+$,-$*)T!"#3*"),$)+-3)UVV^XD);')%((-&-1':)'$50.)

<1#/$()$i,%7%&-1'*)K.)K$'&"-,)#%.*),%')+#17-($)'$5)"%K-&%&*)<1#)1&"$#)1#9%'-*/*)

&"%&) %#$) 3*-'9) &"$) -'&$#&-(%0D) M*) &"$) 5%&$#) -') #%.) +-&*) 1<&$') #$/%-'*) (3#-'9) 015)

tide, these can act as a habitat for smaller, secondary users like small teleost fish, 

9%*&#1+1(*)%'()TK3##15-'9X),#%K*)TB%H%,),$)+-3)UVV_:)AJ="$%),$)+-)UV`UXD)

Predation risk effects and avoidance among elasmobranchs

Shallow, nearshore areas are known to provide refugia for many (early life stages of) fish 

*+$,-$*:)-',03(-'9)$0%*/1K#%',"*)TQ'-+),$)+-3)UV`VX:)5"-,")%#$)+#1'$)&1)+#$(%&-1')<#1/)

large-bodied (conspecific) predators in adjacent subtidal waters. Our results show that 

&"$)$%#0.)0-<$)*&%9$*)1<)0%#9$]K1(-$()$0%*/1K#%',"*)%'()*/%00]K1(-$()$0%*/1K#%',"*)

3*$) &"$) -'&$#&-(%0) %*) %) #$<39$) 5"$') &-($*) %#$) "-9") TY-$#,$) ,$) +-3) UV``:) N%3(1) %'()

c$-&"%3*)UV``:)6$#3&&-]Y$#$.#%),$)+-3)UV`WXD)8*+$,-%00.)7$9$&%&$()-'&$#&-(%0)"%K-&%&*)*3,")

as mangroves and seagrass beds are thought to offer increased protection and lower 

+#$(%&-1')#-*P*:)$*+$,-%00.) -')#%.)*+$,-$*D)M<&$#) <$$(-'9)%,&-7-&.:) #$<39$)K$"%7-1#)%'()

#-*P)%7$#*-1')5%*)&"$)/1*&),1//1')/1&-7%&-1')+#17-($()<1#)-'&$#&-(%0)"%K-&%&)3*$)K.)

$0%*/1K#%',")*+$,-$*)T`bDbq:)M++$'(-i)[DU6XD)M/1'9)#%.)*+$,-$*:)#$<39$)5%*)/1*&0.)

reported for stingrays (50.0%, Dasyatidae) and sawfishes (25.0%, Pristidae). Shark 

*+$,-$*)3*-'9)-'&$#&-(%0)#$<39-%)5$#$)/1*&0.).13'9)-'(-7-(3%0*)1<)#$n3-$/)*"%#P)T[ZD`q:)

6%#,"%#"-'-(%$X) %'() "%//$#"$%() *"%#P) *+$,-$*) T`UDbq:) =+".#'-(%$XD) c15$7$#:)

%3&"1#*)1<&$')+#17-($)0-/-&$()$7-($',$)1<)%,&-7$)+#$.)%71-(%',$:)%'()&"$)/1&-7%&-1')1<)

"%K-&%&)*$0$,&-1')#$/%-'*)%')-/+1#&%'&)P'150$(9$)9%+)<1#)*"%0015)T-'&$#&-(%0X)"%K-&%&*)

TQ'-+),$)+-3)UV`V:)O015$#*),$)+-3)UVU`XD);')%((-&-1':)&"$)+#$*$',$)1<)+#$(%&1#*),%')-'(3,$)

predation risk effects in other, lower trophic species, causing changes in their behavior, 

"%K-&%&)*$0$,&-1':)%'()0-/-&-'9)<1#%9-'9)&-/$)TL1##-**$.)%'()2#3K$#)̀ ZZ_:)c$-&"%3*)%'()

?-00)UVVU:)F-#*-'9),$)+-3)UVV[:)Y$%,1#),$)+-3)UVUV:)O015$#*),$)+-3)UVU`:)c%//$#*,"0%9),$)

+-3)UVUUXD)!"$)+#$*$',$)1<) 0%#9$]K1(-$()+#$(%&1#*) -')*3K&-(%0)5%&$#*),%')+1&$'&-%00.)

-',#$%*$)&"$)3*%9$)1<)%(H%,$'&)-'&$#&-(%0)%#$%*)%*)<$$(-'9)#$<39-3/)K.)/$*1]+#$(%&1#.)

*+$,-$*)%*)*11')%*)&"$*$)%#$)%,,$**-K0$)-')&"$)&-(%0),.,0$D)

Predation risk effects induced by elasmobranchs as predators

Besides facing predation risk effects from larger (conspecific) predators, meso-

predatory elasmobranchs may simultaneously induce predation risk effects among 
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+#$.) ,1//3'-&-$*) TC%*"$#) ,$) +-3) UV`[:) O015$#*) ,$) +-3) UVU`XD) L$*1]+#$(%&1#.) #%.*)

-'(3,$)K$"%7-1#%0)%'()+".*-1019-,%0)#$*+1'*$*)%/1'9)+#$.)*+$,-$*)%'(),1//3'-&-$*)

TO015$#*),$)+-3 2021). Ex-situ experiments show that the presence of rays influences the 

/17$/$'&)TG%##-1*]AJ@$-00)UV`[X)%'()<$$(-'9)&-/$*)1<)/3**$0*)T6%*&1#%'-)%'()c17$0)

UV`^XD)="%#P*)%'() #%.*)3&-0-R-'9) -'&$#&-(%0)"%K-&%&*)%#$) <1#,$() &1)/17$) -') ,1"$#$',$)

with the tide, causing the risk effects induced by these predators on intertidal prey 

&1)K$)0-'P$()5-&")&"$)&-(%0),.,0$)TO-93#$)[D_6XD)O1#)$i%/+0$:)C%*"$#),$)+-3)TUV`[X)<13'()

that the presence of reef-associated sharks significantly lowered the browsing and 

grazing of herbivorous fish during times when sharks had access to the habitat (i.e., 

high tide). The risk effects for intertidal prey species do not cease when predatory fish 

and elasmobranchs lose access to these habitats, as the predation risk effects induced 

K.)&$##$*&#-%0)%'()%7-%')+#$(%&1#*)-',#$%*$)5-&")&"$)015$#-'9)&-($)TO-93#$)[D_6XD

Stranding risk effects and avoidance
L%#-'$)+#$(%&1#*)*3,")%*)*"%#P*)%'()#%.*)3*-'9) -'&$#&-(%0)"%K-&%&*)%#$) <%,$()5-&")

an additional risk: the risk of stranding upon tidal flat emergence with the receding 

&-($)T6%/+1*),$)+-3)UVVZ:)G#-'&1')%'()63##%')UV`[XD)F"$')&"$)#$,$(-'9)&-($)*$&*)-':)

&"$)*&#%'(-'9)#-*P)<1#)*"%#P*)%'()#%.*)*$$P-'9)#$<39$)1#)<$$(-'9)-')-'&$#&-(%0)"%K-&%&*)

-',#$%*$*)TO-93#$)[D_6X)TF1*'-,P),$)+-3)UVUUXD)="%#P*)<$$(-'9)-')-'&$#&-(%0)"%K-&%&*)%#$)

&"139"&)&1)0-/-&)&"$)3*$)1<)&"$)-'&$#&-(%0)3'&-0)&"$)-',1/-'9)&-($)#$%,"$*)-&*)"-9"$*&)

0$7$0*:)0$%7-'9)&"$)-'&$#&-(%0)%*)*11')%*)&"$)&-($)*&%#&*)&1)#$,$($:)+1**-K0.)K.)*$'*-'9)

K%#1/$&#-,) ,"%'9$*) T6%/+1*),$) +-3) UVVZ:)C%*"$#),$) +-3) UV`[XD) O1#)$i%/+0$:)K#15')

*/11&""13'() *"%#P*) TK12$,-12) 0,#-,%:) !#-%P-(%$X:) %) *+$,-$*) &"%&) -*) 730'$#%K0$) &1)

*&#%'(-'9*) TF1*'-,P) ,$) +-3) UVUUX:) *"15) /1#$) (-#$,&$() /17$/$'&*) &1) 0$%7$) &"$)

-'&$#&-(%0) 3+1') &"$) &3#') 1<) &"$) &-($) T6%/+1*) ,$) +-3) UVVZXD) !1) #$(3,$) &"$) #-*P) 1<)

*&#%'(-'9) %'(j1#) +#$(%&-1':) #%.*) $i$#&) (-#$,&$() &-(%0)/17$/$'&*) (3#-'9) #$,$(-'9)

%'()-',1/-'9)&-(%0)+"%*$*)T?%7.),$)+-3)UV`b:)G#-'&1')%'()63##%')UV`[:)L%#&-'*),$)+-3)

UVUVXD)c15$7$#:)&"$*$)(-#$,&$()/17$/$'&*),130()%0*1)K$)/1&-7%&$()(3$)&1)-',#$%*$()

<$$(-'9)1++1#&3'-&-$*)TQ%''1),$)+-3)UV`ZXD)c$',$:)-'&$#&-(%0)"%K-&%&)3&-0-R%&-1')K.)T$%#0.)

life stages of) sharks and rays is a trade-off between lower predation risk effects, 

increased feeding opportunities, and the risk effects of stranding (Figure 7.1, 7.3). 

D&(#+)1-*$+%'"%)'("#*1#$*$+%'$%'$%*&#*$)".';">$*"*,
="%#P*)%'()#%.*)%#$)P'15')&1)3*$)'$%#*"1#$)"%K-&%&*)<1#)/%&-'9)T$D9D:)=/-&")UVVbX:)

9$*&%&-1') T$D9D: a-#-P) %'() 415$) UV`UX:) +%#&3#-&-1') T$D9D:) L13#-$#) %'() Y0%'$*) UV`_:)

O$0("$-/),$)+-3)UV`_X:)%'()17-+%#-&.)T$D9D:)?%.),$)+-3)UV`ZXD)A3#)#$*30&*)*"15)&"%&)*1/$)
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*"%#P*) %'() #%.*) 3*$) -'&$#&-(%0) "%K-&%&*) <1#) #$+#1(3,&-1']#$0%&$() K$"%7-1#D) M/1'9)

#%.*:) &"-*) "%*) /1*&0.) K$$') ($*,#-K$() <1#) +$0%9-,) $%90$) #%.) TUbDVq:) M$&1K%&-(%$X)

%'()*&-'9#%.) T`^D[q:)?%*.%&-(%$X)*+$,-$*D)C$+#1(3,&-7$)K$"%7-1#)%*)/1&-7%&-1') <1#)

-'&$#&-(%0)"%K-&%&)3*$)1<)*"%#P*)"%*)/1*&0.)K$$')($*,#-K$()<1#)#$n3-$/)*"%#P*)TW^DUq:)

6%#,"%#"-'-(%$X:)"%//$#"$%()*"%#P*)TU_D`q:)=+".#'-(%$X)%'()"13'(*"%#P*)T`bDWq:)

!#-%P-(%$XD)=/-&")TUVVbX)($*,#-K$()&"%&)0$1+%#()*"%#P*)/%&$)1')-'&$#&-(%0)*1<&]K1&&1/)

flats in California. Shortnose guitarfish potentially use tide pools for parturition 

TF1*'-,P),$)+-3)UV`ZXD)!"-*)0-/-&$()$7-($',$)*399$*&*)&"%&)*1/$)*"%#P)%'()#%.)*+$,-$*)

3*$)&"$)-'&$#&-(%0)<1#)#$+#1(3,&-7$)+3#+1*$*:)&1)/%i-/-R$)/%&-'9)*3,,$**:)/%i-/-R$)

9$*&%&-1'%0)($7$01+/$'&:)%'()-',#$%*$)&"$)*3#7-7%0)1<)$99),%*$*D

:;&#@+#&51."*$+%'$%'$%*&#*$)".';">$*"*,
MK-1&-,)<%,&1#*)+0%.)%')-/+1#&%'&)#10$)%*)(#-7$#*)1<)(-*&#-K3&-1':)/17$/$'&)%'()"%K-&%&)

selection of sharks and rays (Schlaff ,$) +-3)UV`WXD) M*)/1*&) *"%#P) %'() #%.) *+$,-$*) %#$)

ectotherms, ambient temperatures directly influence metabolic and physiological 

+#1,$**$*)%'()%#$)&"$#$<1#$),1'*-($#$()1'$)1<)&"$)/%-')(#-7$#*)1<)&"$-#)(-*&#-K3&-1':)

/17$/$'&:)%'()"%K-&%&)*$0$,&-1')TL1#-**$.)%'()2#3K$#)`ZZ_:)G$#'%0),$)+-3 2012, Schlaff 

,$)+-3)UV`WXD)80%*/1K#%',"*)*$0$,&)*"%0015),1%*&%0)5%&$#*)(3$)&1)&"$-#)"-9"$#)&$/+$#%&3#$)

&1)-',#$%*$)(-9$*&-1')#%&$*)TY%+%*&%/%&-13),$)+-3)UV`bX:)T$/K#.1'-,X)9#15&")#%&$*:)%'()&1)

*"1#&$')9$*&%&-1')&-/$*) Ta-#-P)%'()415$)UV`U:)F1*'-,P),$)+-3)UV`ZXD)A3#)#$7-$5)*"15*)

&"%&)*"%#P*)%'()#%.*)/-9"&)*$0$,&)-'&$#&-(%0)"%K-&%&*)<1#)&"$#/1#$930%&1#.)+3#+1*$*:)%*)

-'&$#&-(%0)5%&$#) &$/+$#%&3#$*)%#$)1<&$')"-9"$#),1/+%#$()&1)%(H%,$'&)*3K&-(%0)5%&$#*)

TG#-(9$*) `ZZ_:) c$#'w'($R) ,$) +-3) UVVUXD) c15$7$#:) 1'0.) %) 0-/-&$() '3/K$#) 1<) *&3(-$*)

($*,#-K$)&"$)K$"%7-1#%0)&"$#/1#$930%&-1')1<)*"%#P*)%'()#%.*)-')-'&$#&-(%0)"%K-&%&*D)O1#)

*&-'9#%.*:) #$n3-$/) *"%#P*:) %'() "13'(*"%#P*:) &51) *&3(-$*) ($*,#-K$) &"$#/1#$930%&-1')

in intertidal habitats for each of the species’ groups. Thermoregulation of sawfishes, 

giant guitarfishes (Glaucostegidae), eagle rays, wedgefish (Rhinidae), and round 

*&-'9#%.*) T>#1&#.91'-(%$X)5%*)1'0.)($*,#-K$() -')1'$) *&3(.)1<) $%,")1<) &"$*$) <%/-0-$*D)

O1#) $i%/+0$:) a-#-P) %'() 415$) TUV`UX) ($*,#-K$)"15)+#$9'%'&) #13'() *&-'9#%.*) TG&"L+$%2)

0,--,&%:)>#1&#.91'-(%$X)3*$)-'&$#&-(%0)"%K-&%&*)-')/1'&"*)1<)"-9")5%&$#)&$/+$#%&3#$*)&1)

-',#$%*$)$/K#.1'-,)($7$01+/$'&D)?-)=%'&1)%'()G$''$&&)TUV``X)($*,#-K$)&"%&)&"$)M&0%'&-,)

*&-'9#%.)TF'5+#12)2+L%#12:)?%*.%&-(%$X)/%.)3*$)&"$)&"$#/%0)7%#-%K-0-&.)%,#1**)"%K-&%&*)&1)

/%i-/-R$)$'$#9.)3+&%P$)K.)K%0%',-'9)$7%,3%&-1')%'()%K*1#+&-1')#%&$*D)!"-*)/%.),%3*$)

*1/$)#%.)*+$,-$*)&1)3*$)5%#/$#)"%K-&%&*)0-P$)&"$)-'&$#&-(%0)&1)#$930%&$)(-9$*&-1')#%&$*D

Differentiating between different drivers of intertidal habitat use in sharks and rays 

-*),"%00$'9-'9)(3$)&1)$i-*&-'9)P'150$(9$)9%+*),%3*$()K.)&"$),"%00$'9$*)1<)*&3(.-'9)
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&"$*$) *+$,-$*) -') *3,") "-9"0.) (.'%/-,) "%K-&%&*D) ;&) -*) 0-P$0.) &"%&) -'&$#&-(%0) "%K-&%&)

selection is an interplay of different biotic and abiotic drivers, in which abiotic drives 

*3,")%*)*%0-'-&.:)5%&$#)&$/+$#%&3#$:)%'()$/$#9$',$)&-/$)1<)&"$)"%K-&%&)0-P$0.)+0%.)%)

P$.)#10$D)

C;3,$+.+5$-".'")"(*"*$+%,'*+'*;&'-;"..&%5&,'+7'$%*&#*$)".';">$*"*'
1,&
!"$)#$%*1')*"%#P*)%'()#%.*)*$0$,&)-'&$#&-(%0)"%K-&%&*)-*)$n3-71,%0:)5-&")&"$)/1*&)0-P$0.)

/1&-7%&-1')<1#)-'&$#&-(%0)"%K-&%&)*$0$,&-1')K$-'9)%),1/K-'%&-1')1<)015$#)+#$(%&-1')#-*P)

effects and increased feeding opportunities. However, elasmobranchs using these 

*"%0015)%'()"-9"0.)(.'%/-,)"%K-&%&*)%#$)%0*1)<%,$()5-&")$i&#$/$*)-')$'7-#1'/$'&%0)

factors like fluctuations in temperature, salinity, pH, and oxygen levels (Lam ,$)+-3

2006). These challenges require specific physiological adaptations to enable an 

1#9%'-*/)&1)3*$)-'&$#&-(%0)"%K-&%&*D);'&$#&-(%0)"%K-&%&*)%#$)1<&$')01,%&$()-')$*&3%#-$*)

with associated fluctuations in salinity due to freshwater outlets (Murray ,$)+-3)UV`ZX)

%'() "-9") $7%+1#%&-1') #%&$*) TF"$%&0.) `Z\\:) 4%/) ,$) +-3) UVV^XD)A3#) 17$#7-$5) *"15*)

&"%&) *+$,-$*)3*-'9) -'&$#&-(%0)"%K-&%&*)%#$)1<&$')$3#."%0-'$) *+$,-$*:) &10$#%&-'9)5-($)

*%0-'-&.)#%'9$*)TL%#&-')UVVbXD)O1#)$i%/+0$:)5$)*"15)&"%&)$3#."%0-'$)*+$,-$*)*3,")%*)

&"$)K300)*"%#P:)&"$)*+$%#&11&")*"%#P)TA-'50%2)(-'50%2:)6%#,"%#"-'-(%$X:)*&-'9#%.)*+$,-$*)

-',03(-'9)&"$)M&0%'&-,)*&-'9#%.)TF'5+#12)2+L%#12, Dasyatidae), and sawfish species like 

the largetooth sawfish (E&%2$%2)5&%2$%2:)Y#-*&-(%$X)1<&$')3*$)-'&$#&-(%0)%#$%*)T?$)N0%/-'9)

%'() =%9$) `Z[_:) L%#&-') UVVbXD) !"$*$) *+$,-$*) %#$) %K0$) &1) &10$#%&$) 5-($) #%'9$*) 1<)

*%0-'-&-$*)(3$)&1)&"$-#)%K-0-&.)&1)*$,#$&$)*103&$*)%'(:)&"$#$<1#$:)/%-'&%-')1*/10%#-&.)

in habitats with lower salinities or even with large freshwater influxes (Chew ,$)+-3

UVV^:)G%00%'&.'$)%'()C1K-'*1')UV`VXD)=1/$)*+$,-$*)1<)$0%*/1K#%',"*)"%7$)"-9"$#)

temperature tolerances compared to other species or even compared to conspecifics 

-') 1&"$#) 0-<$) *&%9$*D) !"-*) %0015*) &"$*$) *+$,-$*) &1) %(%+&) &1) &"$) "-9") &$/+$#%&3#$)

fluctuations of intertidal habitats. For example, juvenile ribbontail stingrays (H+,#%1&+)

-'**+:)?%*.%&-(%$X)"%7$)%)*/%00)&"$#/%0)'-,"$)5-&")"-9")&$/+$#%&3#$)+#$<$#$',$*)

to sustain high temperature fluctuations in their (intertidal) nursery areas. Sustaining 

these high temperatures can separate juveniles from older conspecifics in deeper and 

,110$#)5%&$#*)T?%K#3RR-),$)+-3)UV`_XD)M'1&"$#)$i%/+0$)1<)"15)*1/$)$0%*/1K#%',")

*+$,-$*)%#$)%(%+&$()&1)3*$)-'&$#&-(%0)"%K-&%&*)-*)&"$)3*$)1<)&-($)+110*)%'()-'&$#&-(%0)

reef flats by the epaulette shark (F,*%2/'--%1*) "/,--+$1*:) c$/-*,.00--(%$XD) Ai.9$')

0$7$0*)-')&"$*$)&-($)+110*),%')(#1+)&1)%*)015)%*)_Vq)1<)%-#)*%&3#%&-1')(3#-'9)015)&-($)

+"%*$*) TQ-'*$.)%'()Q-'*$.)`Z^^XD)8+%30$&&$) *"%#P*)"%7$)%)"-9")".+1i-,) &10$#%',$:)
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*3*&%-'-'9)1i.9$') 0$7$0*)%*) 015)%*)bq)1<)%-#) *%&3#%&-1')5-&"13&) *$#-13*) <3',&-1'%0)

-/+%-#/$'&*)TF-*$),$)+-3)̀ ZZ\X)1#)$7$')%'1i-,),1'(-&-1'*)<1#)3+)&1)1'$)"13#)TC$'*"%5)

,$)+-3)UVVU:)@-0**1')%'()ã*&03'(]@-0**1')UVV^XD)L1#$17$#:)%*)-'&$#&-(%0)"%K-&%&*)<1#,$)

1#9%'-*/*),1'&-'313*0.) &1)/17$) -'),1"$#$',$)5-&") &"$) &-($:) &"-*)/%.)*$0$,&)/1#$)

/1K-0$)*+$,-$*)T$D9D:)*/%00)*"%#P)*+$,-$*:)H37$'-0$)*"%#P*X)1#)*+$,-$*)/1#+"1019-,%00.)

adapted to use shallow (benthic) habitats to be able to move in proximity to the flood 

0-'$)T$D9D:)K$'&"-,)#%.*XD)A3#)#$7-$5)*"15*)&"%&)&"$)/%H1#-&.)1<)*+$,-$*)3*-'9)-'&$#&-(%0)

"%K-&%&*)%#$)$-&"$#)K$'&"-,)#%.*)1#)*/%00]K1(-$(jH37$'-0$)/1K-0$)*"%#P)*+$,-$*D

F9.1.N,9#1',(42$#94,.(&',(',(42$4,)#1'"#0,4#4&6'#'&"#$%'
#()'$#+'72$&7294,Z2
!#%(-&-1'%00.:) $,1019-,%0) -'&$#%,&-1'*) -') &"$) -'&$#&-(%0) "%7$) K$$') ,1'*-($#$() <#1/)

%) &$##$*&#-%0) %'() *"1#$K-#() +$#*+$,&-7$:) &"$) 015]&-($) +#$(%&1#*) 1<) -'&$#&-(%0) %#$%*)

TG$'-'9$#)UV`ZXD)="1#$K-#(*)1,,3+.)%),$'&#%0)'-,"$)-')-'&$#&-(%0)<11()5$K*)%'()%#$)

,1'*-($#$()1'$)1<)&"$)/1*&)-/+1#&%'&)+#$(%&1#)93-0(*)-')&"$)-'&$#&-(%0)TQ35%$),$)+-3

UV`U:)L%&"1&),$)+-3)UV`ZXD)!"#139")&"-*)901K%0)*.'&"$*-*:)5$)"%7$)*"15')&"%&)-&)-*)7$#.)

0-P$0.)&"%&)T/$*1]X+#$(%&1#*)*3,")%*)*"%#P*)%'()#%.*)T-D$D:)"-9"]&-($)+#$(%&1#*X)1,,3+.)

%)*-/-0%#),$'&#%0)'-,"$)-')-'&$#&-(%0)<11()5$K*)%'()*"130(:)&"$#$<1#$:)K$),1'*-($#$()

-')-'&$#&-(%0)$,1019.D)

4&%*;$-'(#$@"#3'-+%,1@&#,
F-&"-') &"$) -'&$#&-(%0:) &"$) /1*&) %K3'(%'&) %'() ,1//1') +#$.) *+$,-$*) 9#13+*) %#$)

,#3*&%,$%'*:)K-7%07$*:)+10.,"%$&$*:)%'()K$'&"-,) &$0$1*&*) TY#-(/1#$),$)+-3)`ZZV:) a-'9)

,$) +-3) UVV[:) Y"-0-++$) ,$) +-3) UV`^X) TO-93#$) [D_GXD) !"$*$) +#$.) *+$,-$*) 1,,3#) -') "-9"]

($'*-&.)+%&,"$*)1#)%#$)(-*+$#*$()%,#1**)-'&$#&-(%0)"%K-&%&*:),#$%&-'9)(-*&-',&)<$$(-'9)

0%'(*,%+$*)<1#)+#$(%&1#*D)!"$*$)+#$.)*+$,-$*)%#$)%,,$**-K0$)&1)%7-%')%'()&$##$*&#-%0)

+#$(%&1#*)(3#-'9)015)&-($)+"%*$*)%'()%#$)%,,$**-K0$)&1)/$*1]+#$(%&1#*)0-P$)K$'&"-,)

#%.*:) */%00]K1(-$() *"%#P*) %'() &$0$1*&*) (3#-'9) "-9") &-($) TO-93#$) [D_GX) T=/-&") %'()

L$##-'$#:)`Z\bXD)!"$)(3#%&-1')&"%&)&"$*$)+#$.)*+$,-$*)%#$)%,,$**-K0$)&1)$%,")1<)&"$*$)

+#$(%&1#.)93-0(*)($+$'(*)1')"15)01'9)&"$)"%K-&%&)-*)$i+1*$()1#)*3K/$#9$(:)5"-,")

-*)($&$#/-'$()K.)&"$)#$0%&-7$)$0$7%&-1')1<)&"$)"%K-&%&)%'()&"$)&-(%0)%/+0-&3($D)c$',$:)

015) -'&$#&-(%0) "%K-&%&*) T-D$D:) 015) $0$7%&-1'X) %#$) %,,$**-K0$) &1)/%#-'$) +#$(%&1#*) <1#)

01'9$#)+$#-1(*)1<)&-/$)%*)&"$)"%K-&%&)-*)*3K/$#9$()(3#-'9)/1*&)1<)&"$)&-(%0),.,0$D);')

,1'&#%*&:)"%K-&%&*)5-&")%)#$0%&-7$0.)"-9")$0$7%&-1')%#$)$i+1*$()<1#)/1*&)1<)&"$)&-(%0)

,.,0$:)*1)+#$.)-')&"$*$)"%K-&%&*)%#$)/1#$)%,,$**-K0$)&1)%7-%')%'()&$##$*&#-%0)+#$(%&1#*)

TO-93#$)[D`6XD
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Avian and mammalian predators
="1#$K-#(*)*$0$,&)-'&$#&-(%0)"%K-&%&*)<1#)<$$(-'9)1++1#&3'-&-$*)%01'9)&"$-#)/-9#%&1#.)

flyways and depend on the resources provided by these intertidal areas to fuel 

&"$-#) 01'9)/-9#%&-1'*) TF%'-'P) %'() B5%#&*:) `ZZ_:) 8'*) ,$) +-3) `ZZW:) ;5%/%&*3) ,$) +-3

UVV[:) a-'9) ,$) +-3) UVV[XD) !"$*$) *"1#$K-#(*) ,%') "%7$) %) 9$'$#%0-*&) <$$(-'9) *&#%&$9.:)

*3,")%*)*%'($#0-'9*)T.+-%7&%2)+-L+X)%'()M/$#-,%')910($')+017$#*)TE-1B%+-%2)7"*%#%/+:)

6"%#%(#--(%$X)T413#$',1),$)+-3)UV`b:)O%#-%),$)+-3)UV`\X:)1#)%)/1#$)*+$,-%0-*&)*&#%&$9.:)

*3,")%*)K%#]&%-0$()91(5-&*) TI%*"2+) -+55"#%/+:)=,101+%,-(%$X)%'()#$()P'1&*) T.+-%7&%2)

/+#1$12:)=,101+%,-(%$X)TB"%#-P17)%'()=P-00$&$#)UVV_:)7%')2-0*),$)+-3)UV`UXD)=-/-0%#)&1)

K$'&"-,)#%.)*+$,-$*)3*-'9)&"$)-'&$#&-(%0:)&"$*$)*"1#$K-#(*)1,,3+.)%)/$*1]+#$(%&1#.)

'-,"$)-')&"$)-'&$#&-(%0)<11()5$K)TG3,"%'%')UV`U:)Q35%$),$)+-3)UV`U:)G$'-'9$#)UV`ZX:)

%'()%#$)-')&3#')+#$.$()3+1')K.)K-#(]1<]+#$.)*+$,-$*)TY%9$)%'()F"-&%,#$:)`Z[b:)7%')

($')c13&),$)+-3)UVV\X)TO-93#$)[D_GXD)

!"$)-/+%,&)1<)/$*1]+#$(%&1#.)#%.*)1')+#$.)+1+30%&-1'*)%'(),1//3'-&.),1/+1*-&-1')

-*)'1&)5$00)3'($#*&11()TO015$#*),$)+-3 2021). Some studies indicate no effect of ray 

<1#%9-'9)1')+#$.)%K3'(%',$)TMH$/-%')%'()Y15$#*)UV`_X:)5"-0$)1&"$#)*&3(-$*)*"15)

that prey densities were negatively impacted by combined predation effects of 

*"1#$K-#(*)%'()#%.*)T!"#3*"),$)+-3 1994) or by predation effects of rays alone (Peterson 

,$)+-3 2001). However, differentiating between predation effects in a multiple-predator 

system remains challenging and can cause predation effects to be wrongly attributed 

to a specific species (Grubbs ,$)+-3)UV`^:)O015$#*),$)+-3 2021). The effects of shorebird 

+#$(%&-1')"%7$)K$$')*&3(-$()$i&$'*-7$0.)%'()%#$)K$&&$#)3'($#*&11() TO-93#$)[D_GXD)

="1#$K-#(*),%')01,%00.)($+0$&$)+#$.)*+$,-$*)TB"%#-P17)%'()=P-00$&$#:)UVV_X)%'(),"%'9$)

K$'&"-,) ,1//3'-&.) ,1/+1*-&-1') T!"#3*")`ZZW:)L$'(1',%),$)+-3) UVV[XD)M)+1&$'&-%0)

17$#0%+) -') #$*13#,$) 3*$) /-9"&) ,%3*$) -'(-#$,&) ,1/+$&-&-1') K.) /$%'*) 1<) ,1//1')

#$*13#,$)($+0$&-1')5-&")$0%*/1K#%',")+#$(%&1#*)TO-93#$)[DWMXD)c15$7$#:)-&)-*)0-P$0.)

&"%&)*1/$)+#$.)*+$,-$*),1/+$'*%&$)<1#)($+0$&-1')5-&")-',#$%*$()#$+#1(3,&-1')%'()

survival, potentially masking the effects of resource depletion (Kalejta, 1993). The 

effects of shorebirds on intertidal prey species can be considered to differ seasonally 

%*) /%'.) *"1#$K-#() *+$,-$*) %#$) /-9#%&1#.) %'() 3*$) -'&$#&-(%0) %#$%*) %*) T5-'&$#-'9X)

*&1+17$#)*-&$*)TF%'-'P)%'()B5%#&*:)`ZZ_:)8'*),$)+-3)`ZZWXD)

G$'&"-,)#%.*)/%.)%0*1),"%'9$)&"$)<1#%9-'9)0%'(*,%+$)<1#)1&"$#)-'&$#&-(%0)+#$(%&1#*D)

O1#)$i%/+0$:)*$(-/$'&)($+#$**-1'*:),#$%&$()K.)#%.*)5"-0$)<$$(-'9:)+#17-($)%)"%K-&%&)

<1#) +#$.) *+$,-$*) T$D9D:) AJ="$%) ,$) +-3) UV`UX) %'() ,"%'9$) &"$) K-1]9$1/1#+"1019.) 1<)

&"$) -'&$#&-(%0)"%K-&%&) T$D9D:)?JM'(#$%),$)+-3) UVVWXD) =-/-0%#0.:)($+#$**-1'*) ,#$%&$()K.)
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greater flamingos and fiddler crabs, in combination with hydrodynamic forces on 

an intertidal flat, resulted in higher concentrations of organic matter and biofilms, 

+#1/1&-'9) #$*13#,$) %7%-0%K-0-&.) <1#) 1&"$#) &%i%) 1') -'&$#&-(%0) "%K-&%&*) T80]c%,$') ,$)

+-3) UV`\XD) !"$)/1*%-,) 1<)/-,#1"%K-&%&*) ,#$%&$()K.) K$'&"-,) #%.*) ,%':) &"$#$<1#$:) K$)

$i+$,&$()&1)+#1/1&$)#$*13#,$)%7%-0%K-0-&.)-')-'&$#&-(%0)"%K-&%&*:)-'(-#$,&0.)<%,-0-&%&-'9)

1&"$#)T-'&$#&-(%0X)+#$(%&1#.)93-0(*)0-P$)*"1#$K-#(*D)G-1&3#K%&-1')%'()&"$),#$%&-1')1<)

'$5)"%K-&%&*) K.) #%.*) 1') %) #$0%&-7$0.) 0%#9$) *,%0$) ,%') &"3*)K$) $i+$,&$() &1) "%7$) %')

-/+1#&%'&)$,1019-,%0)#10$)-')T-'&$#&-(%0X)*1<&]K1&&1/)$,1*.*&$/*D)

M0&"139")(1,3/$'&$()1K*$#7%&-1'*)%#$)*,%#,$:)*1/$)&$##$*&#-%0)/%//%0*)3*$)&"$)

-'&$#&-(%0)(3#-'9) 015) &-($) T6%#0&1')%'()c1(($#:)UVV_XD)O1#)$i%/+0$:) ,1.1&$*) T.+#%2)

-+$&+#2:)6%'-(%$X)"%7$)K$$')1K*$#7$()<$$(-'9)1')K#%,".3#%'),#%K*)%'()+10.,"%$&$*)

TC1*$)%'()Y10-*)`ZZ\:)6%#0&1')%'()c1(($#:)UVV_X:)%'()1+1**3/*)%'()#1($'&*)"%7$)

K$$')(1,3/$'&$()&1),1'*3/$)K#%,".3#%'),#%K*:)K-7%07$*)%'()9%*&#1+1(*)T6%#0&1')

%'()c1(($#:)UVV_XD)c$',$:)-&)-*)+0%3*-K0$)&"%&)&$##$*&#-%0)/%//%0*),1'*3/$)*-/-0%#)

+#$.)*+$,-$*)(3#-'9)015)&-($),1/+%#$()&1)$0%*/1K#%',")+#$(%&1#*)(3#-'9)"-9")&-($:)

#$*30&-'9)-')+1&$'&-%0)&#1+"-,)'-,"$)17$#0%+)K$&5$$')&"$*$)+#$(%&1#.)93-0(*D

M7-%')%'()/%//%0-%')+#$(%&1#*)%#$)%0*1)P'15')&1)<$$()1')*"%#P*)%'()#%.*)5-&"-')

,1%*&%0)*.*&$/*D)O1#)$i%/+0$:),1.1&$*)*,%7$'9$)*&#%'($()1#)"3'&)0-7$)*&-'9#%.*)%01'9)

&"$),1%*&)1<)&"$)230<)1<)6%0-<1#'-%)TC1*$)%'()Y10-*)`ZZ\XD)=$%K-#(*)*3,")%*)&"$)6%*+-%')

&$#')TF'7&"5&"(#,)/+25%+:)4%#-(%$X)%'()9#$%&)K03$)"$#1')TJ&7,+)F,&"7%+2:)M#($-(%$X)

%#$) P'15') &1) "3'&) '$5K1#') 0$1+%#() *"%#P*:) K#15') */11&""13'() *"%#P*) %'()

M&0%'&-,)*&-'9#%.*)TMH$/-%'),$)+-3)UV``:)C3**1)UV`bXD)2%*&#1+1(*)%'()*$%9300*)5$#$)

<13'()&1)K$)&"$)/%-')+#$(%&1#*)1<)T*&#%'($(X)$99),%*$*)1<)*P%&$*)%'()*"%#P*)T61i)

%'()Q11K)`ZZ_:)=$93$0),$)+-3)UVUUXD)2-7$')&"%&)-'&$#&-(%0)%#$%*)+#17-($)%')-/+1#&%'&)

*"%0015]5%&$#) "%K-&%&) <1#) $0%*/1K#%',"*) 5-&") %') $0$7%&$() #-*P) 1<) *&#%'(-'9) %'()

&"$) -/+1#&%',$)1<) &"$*$)"%K-&%&*) &1)%7-%')%'()/%//%0-%')*+$,-$*:) -&) -*) 0-P$0.) &"%&)

&"$*$)*+$,-$*)9#13+*)+#$(%&$)1#)*,%7$'9$)1')$0%*/1K#%',"*)-')&"$)-'&$#&-(%0D)c15)

-/+1#&%'&)$0%*/1K#%',"*)%#$)%*)%)<11()*13#,$)&1)&"$*$)+#$(%&1#*)1#)$0%*/1K#%',"*)

%#$)1'0.)*,%7$'9$()1++1#&3'-*&-,%00.)'$$(*)/1#$)-'7$*&-9%&-1'D

81@"%,'",'$%*&#*$)".'(#&)"*+#,
The consumptive effects of (local) human populations should also be considered when 

($&$#/-'-'9)&"$)-/+%,&)1<)+#$(%&1#*)1')K$'&"-,)+#$.)*+$,-$*)Tc1,P$.)%'()G1*/%')

1986, Castilla 1998). Traditionally, humans have targeted shellfish and polychaetes 

on soft-bottom intertidal flats for consumption and as fishing bait, respectively 
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TF%&*1'),$)+-3)UV`[:)G$''-'9$# UV`ZXD)?$)G1$#)%'()41'9%/%'$)T`ZZ^X)($&$#/-'$()

&"%&),1'*3/+&-1')1<)-'&$#&-(%0)+#$.)-')L1R%/K-n3$)K.)K1&")*"1#$K-#(*)%'()"3/%'*)

5%*)#$*+1'*-K0$)<1#)`\q)1<)&"$)%''3%0)K-1/%**)#$/17%0D)c15$7$#:) &"$)%3&"1#*)1<)

&"-*)*&3(.)'$90$,&$()&"$),1'*3/+&-1')1<)-'&$#&-(%0)+#$.)K.)"-9"]&-($)+#$(%&1#.)93-0(*)

0-P$)$0%*/1K#%',"*)%'()&$0$1*&*D)!"$)-'&$#&-(%0)-*)&"3*)3*$()K.)"3/%'),1//3'-&-$*)

%#13'()&"$)51#0()<1#)&"$)$i&#%,&-1')1<)<11()*13#,$*)TG$''-'9$#)UV`Z:)L3##%.),$)+-3

UV`ZX:)5"-,") "%*) K1&") %) (-#$,&) -/+%,&) T-D$D:) #$*13#,$) $i&#%,&-1'X) %'() -'(-#$,&) T-D$D:)

(-*&3#K%',$*)1<)1&"$#)+#$(%&1#*)1#)K-1&3#K%&-1')#$*30&-'9)<#1/)$i&#%,&-1')%,&-7-&-$*X)

impact on these systems. Hence, both trophic and non-trophic effects of these 

activities should be considered in the field of intertidal ecology (Benninger 2019). 

F1#&U.0$#(9"',(42$4,)#1'"#0,4#4'/&2',('4"2'
;(4"$.7.92(2
!"$) #10$) 1<) $0%*/1K#%',") ,1'&#-K3&-1') &1) -'&$#&-(%0) $,1*.*&$/) <3',&-1'%0-&.)

+1&$'&-%00.)<%,$*)#%+-(),"%'9$*)(3$)&1)%),1/K-'%&-1')1<)%'&"#1+19$'-,)(-*&3#K%',$*D

/.",@+>#"%-;'#&@+0".'7#+@'$%*&#*$)".'"#&",
61%*&%0) %#$%*) "%#K1#) %) "-9") (-7$#*-&.) 1<) $0%*/1K#%',") *+$,-$*:) -',03(-'9) /%'.)

$'($/-,) *+$,-$*) 5-&") 3'-n3$) $,1019-,%0) #10$*:) /%'.) 1<) 5"-,") %#$) '15) *$7$#$0.)

&"#$%&$'$()T=&$-'),$)+-3)UV`\XD)!"$*$)$0%*/1K#%',")*+$,-$*)<%,$)1'91-'9)+1+30%&-1')

declines due to overfishing and habitat degradation (Knip ,$)+-3)UV`V:)?307.),$)+-3)UVU`XD)

Sharks and rays in intertidal areas are targeted by (local) fisheries in the intertidal and 

%(H%,$'&)*"%0015)*3K&-(%0)5%&$#*)T$D9D:)F"-&$),$)+-3)UV`_:)!1K-'),$)+-3)UV`W:)M(P-'*),$)+-3

UV`^XD);')%((-&-1':)&"$*$)/1K-0$)*+$,-$*)%#$)%0*1)%&)#-*P)1<)K$-'9),%+&3#$()K.)-'(3*&#-%0)

fisheries while migrating away from these coastal areas (Leurs ,$) +-3) UVU`XD) !"$*$)

%,&-7-&-$*)-/+%,&)-'&$#&-(%0)+#$(%&1#)%K3'(%',$)%'()&"$-#)+1&$'&-%0)$,1019-,%0)<3',&-1')

-')-'&$#&-(%0)%#$%*)T4$/#%K1&&),$)+-3)-')+#$+D:)4$3#*),$)+-3)-')+#$+DXD)A<)%00)\\)*+$,-$*)&"%&)

5$#$)<13'()&1)3*$)-'&$#&-(%0)"%K-&%&*:)bWDbq)%#$),3##$'&0.)&"#$%&$'$()5-&")$i&-',&-1')

TM++$'(-i)[D_XD) ;') &1&%0:)U`)*+$,-$*)%#$) 0-*&$()%*)N30'$#%K0$:)`^)%*)8'(%'9$#$()%'()

11 as Critically Endangered on the IUCN Red List. Two species have been classified 

as Data Deficient, and thus, their population status and trends are unknown. The 

"-9")+#1+1#&-1')1<) &"#$%&$'$()*+$,-$*)3*-'9) -'&$#&-(%0)"%K-&%&*)*399$*&*) &"%&) -<) &"$)

,%3*$*)1<)+1+30%&-1')($,0-'$*)%#$)'1&)#$7$#*$(:)*1/$)*+$,-$*)/-9"&)(-*%++$%#)<#1/)

,1%*&%0)$,1*.*&$/*D)O1#)$i%/+0$:) -') &"$)?3&,")+%#&)1<) &"$)F%(($')=$%:) #%.*)5$#$)

0-P$) &"$) ,1//1') *&-'9#%.) T>+2'+$%2) 5+2$%#+/+:) ?%*.%&-(%$X) %'() &"1#'K%,P) #%.) TC+N+)

/-+B+$+:)C%H-(%$X)5$#$)1',$),1//1':)K3&)"%7$)%0/1*&)(-*%++$%#$(),1/+0$&$0.)(3$)
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to combined eff ects of habitat destruction, overexploitation, and pollution (Wolff  

2005). The removal of elasmobranchs from intertidal areas can have diff erent eff ects 

($+$'(-'9)1')&"$)&.+$)1<) -'&$#%,&-1')T-D$D:),1/+$&-&-1')1#)<%,-0-&%&-1'X)K$&5$$') 015]

&-($)%'()"-9"]&-($)/$*1]+#$(%&1#*)TO-93#$)[DWXD

Figure 7.4 Conceptual overview of the infl uences that elasmobranch overexploitation in 
-'&$#&-(%0) %#$%*) ,%') "%7$) 1') 015]&-($) +#$(%&1#*) 0-P$) *"1#$K-#(*:) ($+$'(-'9) 1') &"$) &.+$) 1<)
-'&$#%,&-1')T,1/+$&-&-1')1#)<%,-0-&%&-1'X)%'()%**3/-'9)&"%&)($,#$%*$*)-')&1+]+#$(%&1#)%K3'(%',$)
5-00)0$%()&1)-',#$%*$*)-')/$*1+#$(%&1#*D)MS)&"$)#$0%&-7$)%K3'(%',$)1<)/%#-'$)&1+]+#$(%&1#*)T$D9D:)
0%#9$)*"%#P*m)K03$X:)/%#-'$)/$*1]+#$(%&1#*)T$D9D:)#%.*m)#$(X:)%'()&$##$*&#-%0)/$*1]+#$(%&1#*)T$D9D:)
*"1#$K-#(*m)K#15'X)5"$')&"$#$)-*)'1)-'&$#%,&-1')K$&5$$')+#$(%&1#.)93-0(*)T0$<&X:),1/+$&-&-1')
T/-((0$X) 1#) <%,-0-&%&-1') T#-9"&XD) ;') %((-&-1':) &"$) #$0%&-7$) ,"%'9$*) -') $,1019-,%0) -/+1#&%',$) 1<)
$0%*/1K#%',"*) T9#$$'X) %'() &"$) K-1]9$1/1#+"1019.) 1<) -'&$#&-(%0) "%K-&%&*) T(%#P) K#15'X) %#$)
given. B: changes in a simplifi ed intertidal food web between diff erent predator exploitation 
*&%&$*) T5-&") /%#-'$) &1+]+#$(%&1#*) -') K03$:) &$##$*&#-%0) &1+]+#$(%&1#*) -') (%#P) K#15':) /%#-'$)
/$*1]+#$(%&1#*)-')#$(:)&$##$*&#-%0)/$*1]+#$(%&1#*)-')K#15':)+#-/%#.),1'*3/$#*)-')0-9"&)9#$$')
%'()+#-/%#.)+#1(3,$#*)-')9#$$'XD
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The effects of large-bodied shark removal from marine ecosystems are under 

,1'&-'313*)($K%&$)%'()%#$)0-P$0.)"-9"0.),1'&$i&]($+$'($'&D)=&3(-$*)1'),1%*&%0)/%#-'$)

*.*&$/*),1',03($)&"%&)&"$)#$/17%0)1<)0%#9$]K1(-$()*"%#P*)"%*)K$$')0-'P$()&1)+1+30%&-1')

-',#$%*$*)1<)/$*1]+#$(%&1#.)*+$,-$*)T-D$D:)/$*1]+#$(%&1#)#$0$%*$X:),%3*-'9)%')-',#$%*$)1<)

/$*1]+#$(%&-1')1')015$#)&#1+"-,)+#$.)*+$,-$*)Tc$-&"%3*),$)+-3)UVV\:)C3++$#&),$)+-3)UV`_:)

O$##$&&-),$)+-3)UV`VX)1#),"%'9$*)-')&"$)(-$&)1<)+#$.)*+$,-$*)TG%#0$.),$)+-3)UV`[XD)A&"$#)*&3(-$*)

-'(-,%&$)&"%&)*"%#P)#$/17%0)(1$*)'1&)-/+%,&)/$*1]+#$(%&1#.)*+$,-$*)0-P$),15'1*$)#%.*)

or coral reef fish (e.g., Grubbs ,$)+-3)UV`^:)6%*$.),$)+-3)UV`[XD)O1#)$i%/+0$:)1')+#$(%&1#]

rich coral reefs, large shark removal did not influence prey species possibly due to the 

+#$*$',$)1<) 0%#9$) &$0$1*&)+#$(%&1#*) &"%&),1'*3/$()*-/-0%#)+#$.:)/%P-'9) 0%#9$)*"%#P*)

$,1019-,%00.)#$(3'(%'&)TG%#0$.),$)+-3)UVUVXD)8,1019-,%0)#$(3'(%',.)/%.)K$),1//1')-')

+#$(%&1#]#-,")$,1*.*&$/*)-')5"-,")+#$(%&1#*)%#$)/1#$)0-P$0.)&1)*"%#$)&"$)0-/-&$()'3/K$#)

1<) %7%-0%K0$) &#1+"-,) '-,"$*) TO-'P$) %'() ?$''1) UVVW:) O#-*,") ,$) +-3) UV`^XD) ;') &"$*$) #-,")

*.*&$/*:)*%<$93%#(-'9)$,1*.*&$/)<3',&-1'-'9)(1$*)'1&)1'0.)"-'9$)1')&"$),1'*$#7%&-1')

of sharks, since the cascading effects of shark removal can be reduced if other predator 

*+$,-$*)5-&")%)*-/-0%#)'-,"$)%#$)+#$*$'&)TG%#0$.),$)+-3)UVUVXD)c15$7$#:)+#$(%&1#)#-,"'$**)

-')-'&$#&-(%0)%#$%*)-*)$i+$,&$()&1)K$)015)(3$)&1),"%00$'9$*)%'(),1'*&#%-'&*)%**1,-%&$()

5-&") -'&$#&-(%0)"%K-&%&)3*$) T$D9D:) #-*P)1<)*&#%'(-'9:)'$$() <1#)+".*-1019-,%0)%(%+&%&-1'*X:)

/%P-'9) -&) 0$**) 0-P$0.) &"%&) 0%#9$]K1(-$() *"%#P*) %#$) $,1019-,%00.) #$(3'(%'&) +#$(%&1#*)

-') &"$*$)*.*&$/*D) ;')%((-&-1':),3##$'&)$i+01-&%&-1')#%&$*) -'),1%*&%0)%#$%*),%3*$)5"10$)

<3',&-1'%0) 9#13+*) T-D$D:) 0%#9$]K1(-$() *"%#P*) %'() &$0$1*&*:) "-9") &#1+"-,) 0$7$0) *+$,-$*X)

&1)K$)#$/17$(:)+1**-K0.)$'%K0-'9)%)#$0$%*$)1<)/$*1]+#$(%&1#*)(3$)&1)&"$)#$/17%0)1<)

/30&-+0$)'1']#$(3'(%'&)*+$,-$*)9#13+*D)!"$#$<1#$:)&"$)#$/17%0)1<)0%#9$]K1(-$()*"%#P*)

<#1/)-'&$#&-(%0)%#$%*),130()0$%()&1)%')-',#$%*$)-')+#$(%&-1')+#$**3#$)1')015$#)&#1+"-,)

1#9%'-*/*),%3*$()K.)/$*1]+#$(%&1#.)$0%*/1K#%',"*)TO-93#$)[DWXD)

!"$*$) /$*1]+#$(%&1#.) $0%*/1K#%',"*) /%.) 3*$) &"$) *%/$) -'&$#&-(%0) +#$.) *+$,-$*)

%*) &$##$*&#-%0j%7-%') /$*1]+#$(%&1#.) *+$,-$*D) M') -',#$%*$) -') +#$(%&-1') K.) /%#-'$)

/$*1]+#$(%&1#*),%':)&"$#$<1#$:) -'&$'*-<.),1//1')#$*13#,$)($+0$&-1')%'()+1**-K0.)

lead to interspecific competition between species of both guilds (Figure 7.4). 

;<) 17$#$i+01-&%&-1') 1<) $0%*/1K#%',"*) ,1'&-'3$*) %'() -',#$%*-'90.) %0*1) &%#9$&*)

/$*1+#$(%&1#.)#%.*)T$D9D:)L11#$),$)+-3)UV`ZX:)&"$)%K3'(%',$)1<)&"$*$)*+$,-$*)-*)%0*1)

expected to decline (i.e., ‘fishing down the food chain’, Pauly 1998). This may result in 

015$#)#$*13#,$)($+0$&-1')K.)&"$*$)/$*1]+#$(%&1#.)#%.*:)+1**-K0.)-',#$%*-'9)#$*13#,$)

%7%-0%K-0-&.)<1#)1&"$#)+#$(%&1#.)93-0(*D

;<)K$'&"-,)#%.*)(1)'1&)17$#0%+)1#),1/+$&$)<1#)#$*13#,$*)5-&")1&"$#)/$*1]+#$(%&1#.)

93-0(*)1')-'&$#&-(%0)"%K-&%&*:)1#)-<)&"$*$)K$'&"-,)#%.)*+$,-$*),%')K$),1'*-($#$()&#1+"-,%00.)
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#$(3'(%'&:) &"$-#) #10$)%*)$,1*.*&$/)$'9-'$$#*) T-D$D:) ,"%'9-'9)K-19$1/1#+"1019.)1<)

-'&$#&-(%0)"%K-&%&*X),%')*&-00)K$)-/+1#&%'&)-')-'&$#&-(%0)%#$%*)TO-93#$)[DWXD)M')-',#$%*$)

-')K$'&"-,)#%.*)%'()%**1,-%&$()K-1&3#K%&-1')(3$)&1)<$$(-'9)%'()$i,%7%&-1')%,&-7-&.)

/%.),%3*$),"%'9$*)&1)&"$)K-19$1/1#+"1019.)%'()K-19$1,"$/-*&#.)1<)*1<&]K1&&1/)

intertidal flats (Lohrer ,$) +-3) UVVW:) L$.*/%') ,$) +-3) UVV^:) 4%7$#1,P) ,$) +-3) UV``XD) ;')

%((-&-1':) -',#$%*$() K-1&3#K%&-1') ,%') -',#$%*$) +#-/%#.) %'() *$,1'(%#.) +#1(3,&-1')

-') -'&$#&-(%0)"%K-&%&*) T2-1#9-'-),$)+-3 2019), affect the displacement of prey species 

T7%'G0%#-,3/:)`Z\UX:)%'()+#17-($)'$50.),#$%&$()/-,#1"%K-&%&*)&1)1&"$#)T+#$.X)*+$,-$*)

0-P$)K#%,".3#%'),#%K*)TAJ="$%),$)+-3)UV`UXD);',#$%*-'9)K-1&3#K%&-1')"%*),%3*$()*"-<&*)

-')(1/-'%'&)*+$,-$*)-')K$'&"-,),1//3'-&-$*)1')*1<&]K1&&1/)-'&$#&-(%0)"%K-&%&*:),%')

-/+%,&)*+$,-$*)#-,"'$**)1<)&"$*$)/-,#1K$'&"-,),1//3'-&-$*)TG$#P$'K3*,"),$)+-3)UVVV:)

!"#3*"),$)+-3)UVV^X:)%'(),%')'$9%&-7$0.)-/+%,&)"%K-&%&]K3-0(-'9)*+$,-$*)0-P$)*$%9#%**)

0-9"&)/%.)K$)0-/-&$()-')*.*&$/*)5-&")"-9"$#)&3#K-(-&.)T217$#*),$)+-3)UV`W:)=3.P$#K3.P),$)

+-3)UV`^XD)G.),"%'9-'9)&"$)0%'(*,%+$)"$&$#19$'$-&.)1<)-'&$#&-(%0)"%K-&%&*)%'(),"%'9-'9)

K$'&"-,) ,1//3'-&-$*:) K$'&"-,) #%.*)/%.) -'(-#$,&0.) <%,-0-&%&$) 1&"$#) +#$(%&1#.) 93-0(*)

3*-'9)-'&$#&-(%0)"%K-&%&*:)*3,")%*)/-9#%&1#.)*"1#$K-#(*:)5"1)#$0.)1')+#$.)*+$,-$*)0-P$)

+10.,"%$&$*)%'(),#3*&%,$%'*)(3#-'9)&"$-#)*&%.)1')5-'&$#-'9)9#13'(*)TY-$#*/%)UV`UXD)

c15$7$#:) -<),1'&-'3$()17$#$i+01-&%&-1')1<)$0%*/1K#%',"*)%0*1)-/+%,&*)K$'&"-,)#%.)

species, the effects of benthic rays on sediment dynamics will likely change (O’Shea 

,$) +-3) UV`UXD) !"-*)/%.) 0$%() &1) ,"%'9$*) -') &"$)"%K-&%&) "$&$#19$'$-&.) %'() *$(-/$'&)

(.'%/-,*)1<)-'&$#&-(%0)"%K-&%&*)(3$)&1)($,#$%*$()K-1&3#K%&-1'D)!"-*)5-00:)-')&3#':)%0*1)

affect biogeochemistry, and likely cause changes in benthic community composition 

T!"#3*"),$)+-3)UVV^:)2-1#9-'-),$)+-3)UV`ZXD)c$',$:)$i+01-&%&-1')/%.)'$9%&-7$0.)-/+%,&)

&"$) #10$) 1<) K$'&"-,) #%.*) %*) <%,-0-&%&1#*) <1#) 1&"$#) +#$(%&1#.) 93-0(*) 3*-'9) -'&$#&-(%0)

"%K-&%&*)T2-1#9-'-),$)+-3)UV`ZXD)

:;&'.+,,'+7'$%*&#*$)".';">$*"*,
="%#P*)%'()#%.*),%')"%7$)%')-/+1#&%'&)$,1019-,%0)#10$)5-&"-')/%#-'$)<11()5$K*:)%'()

13#)#$7-$5)*"15*)&"%&)&"-*)-',03($*)%)+-71&%0)#10$)-')-'&$#&-(%0)<11()5$K*D)61'7$#*$0.:)

-'&$#&-(%0)"%K-&%&)%0*1)+0%.*)%') -/+1#&%'&) #10$) -') &"$) 0-<$,.,0$)1<),1%*&%0)*"%#P)%'()

#%.) *+$,-$*D)C$,$'&)$*&-/%&$*) *"15) &"%&) &"$)%#$%0)$i&$'&)1<) *1<&]K1&&1/) -'&$#&-(%0)

%#$%*)"%*)($,0-'$()K.)`^q)K$&5$$')`Z\W)%'()UV`^:)-'(-,%&-'9)&"%&)-'&$#&-(%0)"%K-&%&*)

%#$) &"#$%&$'$()K.)"3/%']-'(3,$()*&#$**1#*)*3,")%*),1%*&%0)($7$01+/$'&:) ,1%*&%0)

$#1*-1':)%'()*$%)0$7$0)#-*$)TL3##%.),$)+-3)UV`ZXD)2%0K#%-&"),$)+-3)TUVVUX)$*&-/%&$()&"%&)

3'($#)%)901K%0)5%#/-'9) *,$'%#-1)1<)Ux)6:)K$&5$$')UV) &1)[Vq)1<) -'&$#&-(%0)"%K-&%&)

5130()K$)01*&)&1)*$%)0$7$0)#-*$D)A3#)#$7-$5)*"15*)&"%&:)-')%((-&-1')&1)*"1#$K-#(*)%'()
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1<) /%'.) ,1%*&%0) $0%*/1K#%',") *+$,-$*D) !"$*$) $0%*/1K#%',"*) /1*&) 0-P$0.) *$0$,&)

intertidal habitats as a trade-off between feeding opportunities and lower predation 

risk effects. Even if elasmobranchs do not directly use intertidal habitats such as 

saltmarshes, these habitats can still provide trophic benefits to elasmobranchs 

3*-'9)"%K-&%&*)-')&"$)'$%#)7-,-'-&.)1<)&"$)-'&$#&-(%0)T@-$00%),$)+-3)UVUUXD)=$%)0$7$0)#-*$)

5-00)/%P$),3##$'&)-'&$#&-(%0)"%K-&%&*)/1#$)%,,$**-K0$)&1)/%#-'$)+#$(%&1#*:)-',03(-'9)

0%#9$#]K1(-$() +#$(%&1#*:) 5"-,") ,130() &"#$%&$') &"$) #10$) 1<) -'&$#&-(%0) "%K-&%&*) %*) %)

<$$(-'9)#$<39-3/)<1#)$%#0.)0-<$)*&%9$*)%'()*/%00]K1(-$()$0%*/1K#%',"*D);')%((-&-1')

&1),"%'9-'9)-'&$#&-(%0)"%K-&%&*)&1)T*"%0015X)*3K&-(%0)"%K-&%&*:)*$%)0$7$0)#-*$)+1**-K0.)

also influences the duration for which intertidal habitats are accessible to either low-

&-($)1#)"-9"]&-($)+#$(%&1#*D)

201K%00.:)*$%)&$/+$#%&3#$*)%#$)-',#$%*-'9:)%'()&"$)1,$%')-*)K$,1/-'9)/1#$)%,-(-,)T-D$D:)

Ocean Acidification) due to global climate change (IPCC, 2022). As a result, temperatures 

-')-'&$#&-(%0)"%K-&%&*)%#$)%0*1)$i+$,&$()&1)-',#$%*$:)0-P$0.)/%P-'9)-'&$#&-(%0)"%K-&%&*)0$**)

*3-&%K0$) <1#)/%'.)/%#-'$) *+$,-$*)5-&") 0-/-&$() &$/+$#%&3#$) &10$#%',$) #%'9$*) T;Y66:)

UVV[XD) !"-*)/-9"&) -',03($) $0%*/1K#%',"*) T2$#7%-*) ,$) +-3) UV`\:) 4$%#) ,$) +-3) UV`ZX) K3&)

%0*1)-'&$#&-(%0)+#$.)*+$,-$*)&"%&)%#$)*$'*-&-7$)&1)"$%&)*&#$**)(3$)&1)$0$7%&$()*$%5%&$#)

&$/+$#%&3#$*) TC%./1'() ,$) +-3) UVUUXD) ;') %((-&-1':) /%'.) -'&$#&-(%0) +#$.) *+$,-$*) 0-P$)

polychaetes, crustaceans and bivalves are negatively impacted by ocean acidification 

TC-$*),$)+-3 2009). Continued temperature increases and acidification can therefore be 

$i+$,&$() &1) '$9%&-7$0.) -/+%,&) -'&$#&-(%0) +#$.) %7%-0%K-0-&.) %'() %**1,-%&$() -'&$#%,&-1')

K$&5$$')015]&-($)%'()"-9"]&-($)+#$(%&1#.)93-0(*D)!"$)01**)1<)-'&$#&-(%0)"%K-&%&)1#)&"$)

($&$#-1#%&-1')1<)"%K-&%&)n3%0-&.)5-00:)&"$#$<1#$:)'1&)1'0.)K$)%)#-*P)&1)/%#-'$)*+$,-$*)K3&)

%0*1)&1)1&"$#)&$##$*&#-%0j%7-%')*+$,-$*)T2%0K#%-&"),$)+-3)UVVUX)%'()&"$-#)/3&3%0)$,1019-,%0)

-'&$#%,&-1'*D) !"-*) $/+"%*-R$*) &"%&) &"$) ,1'*$#7%&-1') 1<) -'&$#&-(%0) %#$%*) *"130() K$)

,1'*-($#$()<#1/)K1&")%)"-9"]&-($)%'()015]&-($)+$#*+$,&-7$)%'()&"%&)&"$)-/+1#&%',$)1<)

&"-*)"%K-&%&)-*)#$,19'-R$()<1#)K1&")/%#-'$)%'()&$##$*&#-%0j%7-%')*+$,-$*)-')&"$)<3&3#$D)

!"$) ($,0-'$) 1<) -'&$#&-(%0) %#$%*) %#13'() &"$) 51#0(:) 9-7$') &"$-#) $,1019-,%0) 7%03$:) -*)

alarming. Furthermore, the first global assessment of the status of these ecosystems 

5%*) 1'0.) ,1'(3,&$() -') UV`Z) TL3##%.) ,$) +-3) UV`Z:) UVUUXD) !"$) +#$*$'&$() $,1019-,%0)

-/+1#&%',$) 1<) -'&$#&-(%0) %#$%*) <1#) K1&") T/-9#%&1#.X) *"1#$K-#(*) %'() 730'$#%K0$)

$0%*/1K#%',"*)*"130()K$),1'*-($#$()5"$')%**$**-'9)&"$)#-*P)1<),100%+*$)1<)-'&$#&-(%0)

$,1*.*&$/*)3'($#)&"$);>6@)C$()4-*&)1<)8,1*.*&$/*)TQ$-&"),$)+-3)UV`bXD)O1#)$i%/+0$:)

-'&$#&-(%0)%#$%*)"%7$)K$$'),1'*-($#$()%*)%),#-&-,%0)"%K-&%&) -') &"$)>'-&$()=&%&$*) <1#)

the critically smalltooth sawfish, and have been included in management plans of 
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&"$*$) *+$,-$*) T=&#-,P0%'() UVVZXD) M0&"139") -'&$#&-(%0) "%K-&%&*) %#$) #$,19'-R$() &1) K$)

7-&%0)"%K-&%&*)<1#)5%(-'9)*"1#$K-#(*:)%'()&"$-#)($,0-'$) -')&"$)o$0015)=$%)-'-&-%&$()%)

*-&3%&-1')%'%0.*-*)K.);>6@)TL%,Q-''1'),$)+-3)UV`UX:)-'&$#&-(%0)"%K-&%&*)*"130()%0*1)K$)

,1'*-($#$()-/+1#&%'&)"%K-&%&*)-')#-*P)%**$**/$'&*)<1#),1%*&%0)*"%#P*)%'()#%.*D)

5.(91/&,.(&'#()'8/4/$2'72$&7294,Z2&
M0&"139") &"$) %7%-0%K0$) -'<1#/%&-1') 1') -'&$#&-(%0) "%K-&%&) 3*$) K.) $0%*/1K#%',"*) -*)

0-/-&$(:)13#)*.'&"$*-*)*"15*)&"%&)&"$*$)"%K-&%&*)%#$)-/+1#&%'&)&1)%)7%#-$&.)1<)*+$,-$*)

-') &"-*) "-9"0.) &"#$%&$'$() *+$,-$*) 9#13+D) F$) *"15) &"%&) $0%*/1K#%',"*) +0%.) %')

-/+1#&%'&)&#1+"-,)#10$)-')-'&$#&-(%0)$,1*.*&$/*)%'()&"%&)&"$*$)%#$%*)+#17-($)-/+1#&%'&)

"%K-&%&*)<1#)/%'.),1%*&%0)$0%*/1K#%',")*+$,-$*)%&)&"$)*%/$)&-/$D) ;')%((-&-1':)5$)

+#17-($) '17$0) -'*-9"&*) -'&1) +1**-K0$) $,1019-,%0) -'&$#%,&-1'*) -') -'&$#&-(%0) *.*&$/*)

&"%&)-',03($)&"$)<3',&-1'%0)#10$)1<)$0%*/1K#%',"*D)!"-*)$/+"%*-R$*)&"$)-/+1#&%',$)

1<) %') -'&$9#%&-7$) +$#*+$,&-7$) 1') -'&$#&-(%0) <11()5$K*) &"%&) -',03($*) K1&") "-9"]&-($)

T$D9D:) $0%*/1K#%',"*X) %'() 015]&-($) T$D9D:) &$##$*&#-%0) %'() %7-%') *+$,-$*X) +#$(%&1#*D)

Furthermore, we identified the ongoing decline of these habitats as a serious threat 

&1)$0%*/1K#%',"*)%'()&"$-#)$,1019-,%0)-'&$#%,&-1'*)5-&")015]&-($)+#$(%&1#)93-0(*D)F$)

propose that future research and conservation efforts focus on:

`D ?$&$#/-'-'9)&"$)/1&-7%&-1')<1#)*"%#P*)%'()#%.*)&1)3*$)&"$*$)+#1(3,&-7$)K3&)

(.'%/-,)%'(),"%00$'9-'9)"%K-&%&*D)!"-*),1'&#-K3&$*)&1)&"$)3'($#*&%'(-'9)1<)

how important intertidal habitats are for the lifecycle of specific elasmobranch 

*+$,-$*)%'()<3#&"$#)$03,-(%&$*)&"$-#)$,1019-,%0)#10$)-')&"$*$)"%K-&%&*D

UD Studying how different predator guilds (indirectly) interact in intertidal 

"%K-&%&*D)>'($#*&%'(-'9)&"$*$)$,1019-,%0) -'&$#%,&-1'*),%')-/+#17$)&%#9$&$()

conservation efforts of these habitats by understanding how population 

trends of different predatory guilds affect ecosystem functioning. It will be 

-/+1#&%'&)&1),1'*-($#)&"$)T%X)+1**-K0$)$,1019-,%0)#$(3'(%',.)1<)$0%*/1K#%',")

species, (b) influences of elasmobranchs on (intertidal) prey populations, and 

T,X)+1&$'&-%0)'-,"$)17$#0%+)K$&5$$')"-9"]&-($)%'()015]&-($)+#$(%&1#*D)

_D ?$&$#/-'-'9)"15)%'&"#1+19$'-,)*&#$**1#*)*3,")%*)17$#$i+01-&%&-1':)"%K-&%&)

($9#%(%&-1':)%'(),0-/%&$),"%'9$)-/+%,&)+#$(%&1#.)93-0(*)-')-'&$#&-(%0)%#$%*D

WD 61'*-($#-'9)&"$)$,1019-,%0)-/+1#&%',$)1<)&"$*$)"%K-&%&*)<#1/)%)015])%'()"-9"]

&-($)+#$(%&1#)+$#*+$,&-7$:)3*$)%')%++#1%,")&"%&)-'&$9#%&$*)&"$)$,1019.)1<)&"$)

(-7$#*$)*+$,-$*)9#13+*)&"%&)3*$)&"$*$)"%K-&%&*D



`^V

!"#$%&'()

;9%(.T12)NU2(4&
F$)&"%'P)a%''$)@%3&%)<1#)<$$(K%,P)1')&"$)+#$*$'&$(),1',$+&*)%'()$%#0-$#)7$#*-1'*)

1<)&"-*)/%'3*,#-+&D)F$)%0*1)&"%'P)C%,"$0)L%,P$''%]@$&"*-'9"%)<1#)+#11<#$%(-'9)&"-*)
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Separated by the tide 
but united by resources: 

shared intertidal resource 
use by avian and marine 

mesopredators

Guido Leurs, et al.
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from this version and will be 

published online at a later stage!
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F-&"-') &"$) G-H%9I*) M#,"-+$0%91:) ,1//3'-&-$*) 9$'$#%00.) K$0-$7$) &"%&) &"$) ($,0-'$)

1<)"%//$#"$%()*"%#P*)-')&"$-#)5%&$#*)"%*),%3*$()%')-',#$%*$)-')*/%00$#)K$'&"-,)

*&-'9#%.*D) !"-*) %++%#$'&) /$*1+#$(%&1#) #$0$%*$) "%*) %0*1) K$$') ".+1&"$*-R$(:)

discussed and disputed in scientific studies (e.g., Myers ,$)+-3)UVV[:)2#3KK*),$)+-3)UV`^XD)

I further discuss the potential of mesopredator release of rays and cascading effects 

-')!"#$%&'())D)c15$7$#:)<1#)%)/$*1+#$(%&1#)#$0$%*$)&1)1,,3#:)&"$)/$*1+#$(%&1#)
'$$(*)&1)/%P$)3+)%),1'*-($#%K0$)+#1+1#&-1')1<)&"$)(-$&)1<)&"$)#$/17$()+#$(%&1#)

T2#3KK*) ,$) +-3) UV`^XD) G%*$()1')13#) *&3(-$*) -') &"$)G%',)(JM#93-') %'() &"$)G-H%9I*)

M#,"-+$0%91)%'()+#$7-13*)#$*$%#,")T$D9D:)K%*$()1')O015$#*),$)+-3)UVU`X:);)*"15)&"%&)

7%#-13*)/%#-'$)+#$(%&1#*)/%.),1'*3/$)#%.*D)615'1*$)#%.*:)$%90$)#%.*:)*&-'9#%.*)

%'()#13'()#%.*)"%7$)/1*&0.)K$$')(1,3/$'&$()-')&"$)(-$&)1<)"%//$#"$%()*"%#P*)

%'() 1&"$#) *"%#P) *+$,-$*D) c15$7$#:) /%#-'$) /%//%0*) %'() K-#(*) %0*1) +#$(%&$)

1') &"$*$) *+$,-$*) TFigure E1XD) A3#) #$*$%#,") *"15*) &"%&) -') -'&$#&-(%0) %#$%*:) 0%#9$)
guitarfish (Glaucostegidae) and butterfly rays may predate on stingrays (!"#$%&'(
C:)4%*&),$)+-3)UV`^:)?$%'),$)+-3)UV`[XD)F$)*"15)&"%&)0%#9$)&$0$1*&)*+$,-$*:)0-P$),1K-%*)
TC+/0'/,#$&"#)/+#+71*X:)+#$(%&$)1')*&-'9#%.*)-')&"$)G-H%9I*)M#,"-+$0%91D)M0&"139")

&"$*$)#%.)*+$,-$*)"%7$)+#-/%#-0.)K$$')(1,3/$'&$()-')&"$)(-$&)1<)0%#9$)*"%#P*:)&"$-#)

,1'&#-K3&-1')-*)1<&$')0$**)&"%')UVq)1<)&"$)17$#%00)(-$&)TFigure E1XD

Figure E1)!"$)+#1+1#&-1')1<)(1,3/$'&$(),%*$*)1<)+#$(%&-1')1'),15'1*$j$%90$)#%.*)T0$<&),-#,0$X)
and sting/round rays (right circle) by different predator groups. The inner bar graphs show 
the number of studies describing the occurrence or proportion of rays in the diet of different 
$0%*/1K#%',") 9#13+*D) M##15*) -'(-,%&$) &"$) $*&-/%&$() ,1'&#-K3&-1') 1<) &"$) &51) #%.) *+$,-$*)
groups to the diet of hammerhead sharks (HS), other sharks (OS), blackchin guitarfish (BGF; 
A-+1/"2$,(12)/,*%/1-12) and spiny butterfly ray (BR; A'*#1&+)+-$+B,-+m)!"#$%&'(CXD)!"$)+"1&1)
(right) shows our finding of stingray barbs embedded in the jaw and stomach wall of Cobias 
TC+/0'/,#$&"#)/+#+71*X)-')&"$)G-H%9I*)M#,"-+$0%91D)ä."*L%#,7)2$17')"1$/"*,2)9"&)2$+L-,)%2"$"5,)
+#+-'2%26)9&,X1,#/%,2)"9)"//1&&,#/,)%#)2$"*+/0)/"#$,#$2)"&)&,-+$%B,)%*5"&$+#$)%#7%/,23
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Chapter 9

Abstract
Fishing-down-marine-food-webs has resulted in alarming declines of various species 

worldwide. Benthic rays are one example of such overexploited species. On tidal 

flats, these rays are highly abundant and play an ecologically important role. They 

use tidal flats as refuge, feeding, and resting grounds, during which they bury into 

the sediment, which results in sediment bioturbation. Changes in bioturbation 

intensity following ray removal may affect the biogeomorphology of tidal flats 

with possible cascading effects on the macrozoobenthic community. However, it is 

poorly understood how these indirect effects could influence ecosystem function. 

We therefore studied the geomorphic impact of benthic rays (specifically the pearl 

whipray/stingray Fontitrygon margaritella) on the tropical tidal flats of the Bijagós 

Archipelago, Guinea-Bissau on a landscape-scale. We investigated 1) bioturbation 

rates by rays using drone- and ground-surveys, 2) the spatial distribution of ray 

pits on multiple tidal flats, 3) the impact of rays on sediment properties and 

macrozoobenthos by experimental exclusion (15 months). Benthic rays bioturbated 

3.7±0.35% of the tidal flat’s sediment surface per day over one single 24-hour period, 

which equals a complete top-sediment-surface turnover every 27 days. The spatial 

distribution of ray pits was affected by tidal flat geomorphology since pits decayed 

faster in areas exposed to strong hydrodynamic forces. Predator exclusion altered 

sediment properties, leading to changes in sedimentation (-17%) and erosion (-43%) 

rates. In addition, macrozoobenthic species composition changed, marked by an 

increase of Capitellidae worms and a greater biomass of Malacostraca over time. 

These changes indicated substantial effects of ray bioturbation on the biotic and 

geomorphic landscape of tidal flats. Overall, we conclude that changing abundances 

of benthic rays can have clear landscape-wide geomorphological effects on intertidal 

ecosystems. These indirect consequences of fisheries should be incorporated into 

integrative management plans to preserve tidal flats and connected ecosystems.
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Intertidal flats are prominent and productive geomorphic systems that provide 

valuable ecosystem services such as carbon storage, nutrient fluxes, coastal defense, 

primary and secondary productivity, fisheries enhancement and connection between 

/%#-'$)%'()&$##$*&#-%0)$,1*.*&$/*)T!$//$#/%'),$)+-3)UV`_:)M01'9-)UV`W:)UV`\:)7%')

($)Q1++$0),$)+-3)UV`b:)7%')($#)B$$),$)+-3)UV`^XD)c15$7$#:)`^q)1<)&"$)51#0(J*)-'&$#&-(%0)

flats have been lost due to anthropogenic pressures between 1984 and 2016 

TL3##%.),$)+-3 2019). Anthropogenic stressors, such as fishing, may disrupt natural 

$n3-0-K#-%) 5-&") +1&$'&-%0) ,1'*$n3$',$*) <1#) %**1,-%&$() <%3'%) %'() &"$) $,1019-,%0)

-'&$#%,&-1')'$&51#P*)&"$.)%#$)+%#&)1<)TY-''$9%#),$)+-3)UVVVXD)Q'150$(9$)9%+*)1')&"$)

interaction between threats (e.g., coastal fisheries), ecological functioning (e.g., food 

5$K) *&#3,&3#$:) ,1//3'-&.) ,1/+1*-&-1'X) %'() &"$) 9$1/1#+"1019-,%0) ($7$01+/$'&)

of intertidal flats (e.g., sedimentation, elevation) need to be addressed to improve 

effective management of these ecologically important areas, especially given the 

1'91-'9)901K%0)01**)1<)-'&$#&-(%0)%#$%*)Tc-00),$)+-3)UVU`:)L3##%.),$)+-3)UVUUXD

O-*"-'9)%,&-7-&-$*)"%7$),%3*$()(#%/%&-,)($,0-'$*)-')6"1'(#-,"&".$*)Å)*"%#P:)#%.:)%'()

,"-/$#%)+1+30%&-1'*)1')%)901K%0)*,%0$)T=&$7$'*),$)+-3)UVVV:)G%3/),$)+-3)UVV_:)G%3/)

%'()L.$#*)UVVW:)="$#/%'),$)+-3)UVU_X:)0$%(-'9)&1)%')$*&-/%&$()_Uq)1<)`:`ZZ)*+$,-$*)

,3##$'&0.)K$-'9) &"#$%&$'$()5-&")$i&-',&-1') T?307.),$)+-3) UVU`XD)M0&"139")*"%#P)%'()

ray species that use intertidal habitats are mostly affected by coastal mixed-species 

fisheries, they are also affected by industrial fisheries that operate on the edges of 

intertidal waters to catch animals that migrate into subtidal offshore areas (Dulvy ,$)

+-3)UV`W:)4$3#*),$)+-3)UVU`XD)

L1*&)$0%*/1K#%',"*)%#$),"%#%,&$#-R$()K.)*015)9#15&")#%&$*:) 0%&$)/%&3#-&.:)%'()015)

<$,3'(-&.:) %'() ,1'*$n3$'&0.) "-9"0.) 730'$#%K0$) &1) (-#$,&) "3/%') $i+01-&%&-1') %'()

K.,%&,")/1#&%0-&.)TF-'$/-00$#)%'()C1*$)`ZZU:)a$''-'9*),$)+-3)UVV`XD)4%#9$#)-'(-7-(3%0*)

%#$)+#$(-,&$()&1)<$$()%&)"-9"$#)&#1+"-,)0$7$0*)%*)*-R$)($&$#/-'$*)&"$)(-/$'*-1'*)1<)+#$.)

*-R$*)&"%&)%)+#$(%&1#),%'),1'*3/$)T61"$'),$)+-3)̀ ZZ_XD)4%#9$#)+#$(%&1#)17$#$i+01-&%&-1')

,%') ,1'&#10) +#$.) %K3'(%',$) &"#139") &1+](15') +#1,$**$*) TG%*,1/+&$) ,$) +-3) UVVbX:)

,%3*-'9)%')-',#$%*$)-')+#$.)%K3'(%',$)TL.$#*),$)+-3)UVV[:)O$##$&&-),$)+-3)UV`V:)="$#/%')

,$) +-3) UVUVXD) c15$7$#:) &"$*$) +#$(%&1#Å+#$.) (.'%/-,*) '$$() <3#&"$#) -'7$*&-9%&-1')

T2#3KK*) ,$) +-3) UV`^XD)A') &"$) 1&"$#) "%'(:)5"$') *+$,-$*) 1<) 0%#9$#) K1(.) *-R$) ($,0-'$:)

fishing pressure may shift to smaller elasmobranchs such as benthic rays, known as 

‘fishing down the food web’ (Pauly 1998). However, knowledge of the consequences of 

#$(3,$()#%.)'3/K$#*)1')$,1*.*&$/)<3',&-1'-'9)-*)0-/-&$()TO015$#*),$)+-3)UVU`XD
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Bioturbating benthic rays actively alter their habitats (i.e., habitat-modifiers) in search 

1<)<11()1#)#$*&-'9)9#13'(*D)!1)(1)*1:)&"$*$)#%.*)$i,%7%&$)%'()#$51#P)&"$)*$(-/$'&)

T"$#$%<&$#)#$<$##$()&1)%*)E#%.)+-&*JX)&"#139")%),1/K-'%&-1')1<)+#1&#3*-1')1<)&"$)H%5*:)

water-jetting through the spiracles and movement of their pectoral fins (Freitas ,$)

+-3)UV`ZXD)!"$*$)K-1&3#K%&-'9)%,&-7-&-$*),%')%0&$#)*$(-/$'&)$#1*-1')%'(),1/+1*-&-1')

(Takeuchi and Tamaki 2014) and create physical microhabitats that can benefit other 

*+$,-$*)TO-93#$)ZD`XD)O1#)-'*&%',$:)#%.)+-&*),%'),100$,&)"-9")%/13'&*)1<)1#9%'-,)/%&&$#:)

which benefits benthic detritus feeders (O’Shea ,$)+-3)UV`UXD)G-1&3#K%&-1')K.)#%.*)&"3*)

alters geomorphological and ecological processes, which may ultimately affect the 

ecosystem functioning of intertidal flats (Lynn-Myrick and Flessa 1996, Needham ,$)

+-3)UV``:)AJ="$%),$)+-3)UV`UXD)L1#$17$#:)&"$*$)#%.*),%')K$)"-9"0.)%K3'(%'&)-')-'&$#&-(%0)

$,1*.*&$/*)%'(),%')+0%.)%')-/+1#&%'&)$,1019-,%0)#10$)T4$3#*),$)+-3)UVU_%XD

Figure 9.1 8i,%7%&-1')1<)&"$)*$(-/$'&),#$%&$()K.)K$'&"-,)#%.*:),%00$()%)E#%.)+-&JD

While the local-scale bioturbating effects of benthic rays are well studied (Grant 

`Z\_:) AJ="$%) ,$) +-3) UV`U:) L.#-,P) %'() O0$**%) UV`[X:) %++#1%,"$*) &1) 3+*,%0$) &"$*$)

+#1,$**$*)&1)%)0%'(*,%+$)*,%0$)%#$)0-/-&$(D);')%((-&-1':)$i+$#-/$'&%0)%++#1%,"$*)&1)

support ray bioturbation effects are inadequate (O’Shea 2012, Flowers ,$)+-3)UVU`XD)

F$)*&3(-$()&"$)9$1/1#+"1019-,%0)-/+%,&)1<)K$'&"-,)#%.*)3*-'9)&"$)&#1+-,%0)-'&$#&-(%0)

flats of the Bijagós Archipelago, Guinea-Bissau. Specifically, we quantified (1) the 

extent and intensity of benthic ray bioturbation at the intertidal flat landscape scale 

K.),1'(3,&-'9)9#13'()%'()(#1'$)*3#7$.*:) TUX)&"$)*+%&-%0)(-*&#-K3&-1')%'()01'9$7-&.)

1<)#%.)+-&*)K.) 011P-'9)%&)#%.)+-&)($'*-&-$*) &"#139"13&) &"$)%#,"-+$0%91)&1) &$*&) -<) &"$)
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abundance of ray pits could be influenced by intertidal flat morphology (e.g., ray pits 

$#1($)<%*&$#)3'($#)"-9"0.)".(#1(.'%/-,),1'(-&-1'*)AJ="$%),$)+-3)UV`UX:)%'()T_X)&"$)

effect of ray bioturbation on sediment properties and macrozoobenthos by means 

of a ray exclusion experiment. The study area was chosen to investigate the effects 

of benthic ray feeding behavior since intertidal flats are key habitats for benthic rays 

T4$3#*),$)+-3)UVU_%XD);')&"$)G-H%9I*)M#,"-+$0%91:)\Z^)&1)U:^\b)#%.*)5$#$),%+&3#$()(%-0.)

in 2020 if, respectively, 30% and 100% of the fishing fleet was active in 2020 (Leurs 

,$)+-3 %#)5&,53XD)!"-*)-*)0-P$0.)%')3'($#$*&-/%&-1')1<)&"$)%,&3%0),%&,")%*)7$**$0*)<#1/)

'$-9"K1#-'9),13'&#-$*)5$#$)3'%,,13'&$()<1#)T4$3#*),$)+-3 %#)5&,53XD)M*)901K%0)T-',03(-'9)

West African) coastal fisheries are currently increasing at an alarming rate (Dulvy 

,$)+-3)UVU`:)4$3#*),$)+-3 2021), studying the geomorphic effects of bioturbating rays 

now is relevant as changes in population densities of these fishery-targeted species 

may affect their ecosystem and the conservation status of benthic rays continues to 

($&$#-1#%&$)T="$#/%'),$)+-3)UVU_XD

G24".)&
9*1)3',$*&
The Bijagós Archipelagos (Guinea-Bissau) supports extensive protected intertidal flat 

areas where fisheries are restricted (Diop and Dossa 2011, Hill ,$)+-3)UVU`XD)!"$*$)

%#$%*)+#17-($)#$<39$)<1#)901K%00.)&"#$%&$'$()$0%*/1K#%',"*:)-',03(-'9)K$'&"-,)#%.*)

T?-1+)%'()?1**%)UV``:)6%/+#$(1')%'()6%&#.)UV`^XD)!"$#$<1#$:) &"-*)%#$%) -*)"-9"0.)

suitable for studying the landscape scale effects of these habitat-modifying species. 

As observed on intertidal flats, !"#$%$&'("#)*+&(+&%$,--+)-*)&"$)/1*&),1//1')*+$,-$*)

&"%&) ,130()/%P$) &"$*$) #%.)+-&*) T4$3#*),$)+-3) UVU_XD)c15$7$#:) #30-'9)13&)!"#$%$&'("#)

*+&(+&%$+),1/+0$&$0.)-*)-/+1**-K0$)1'0.)<#1/)+-&)<1#/%&-1'*D)F$)%0*1)P'15)&"%&)&"$)

0%#9$)/%H1#-&.)T-D$D:)̀ WV)13&)1<)̀ W_:)Z[DZqX)1<)!"#$%$&'("#)*++D)*%/+0$()-')&"$)%#,"-+$0%91)

5$#$)!3)*+&(+&%$,--+ from fish market sampling for stomach contents (Clements ,$)+-3

UVUUXD)61/K-'$(:)&"$*$)#$*30&*)-'(-,%&$)&"%&)&"$)0%#9$)/%H1#-&.)1<)+-&*)%#$),#$%&$()K.)

!3)*+&(+&%$,--+D)!"$)%#,"-+$0%91)-*0%'(*),1'*-*&)1<)\\)-*0%'(*)%'()-*0$&*:)5"-,")%#$)&"$)

remaining peaks of the eroded and flooded sedimentary basin of the ancient delta 

of the Rio Grande and Rio Geba, off the coast of West Africa (Bird 2011), surrounded 

K.)/%'9#17$*)%'()[^V)P/U of intertidal flats (Meijer ,$)+-3)UVU`XD)!"$*$)-*0%'(*)%#$)

01,%&$() %&) &"$) *13&"$#') $'()1<) &"$) =$'$9%01]L%3#-&%'-$') *$(-/$'&%#.) K%*-':) %'()

*$(-/$'&*)1#-9-'%&$)/1*&0.)<#1/)&"$)61#3K%0)%'()2$K%)#-7$#*)T6%/+#$(1')%'()6%&#.)

UV`^XD)!"$*$)*$(-/$'&*)%#$)($+1*-&$()%'()&#%'*+1#&$()K.),1/+0$i)".(#1(.'%/-,)

<1#,$*)-')%)'$&51#P)1<)#-7$#),"%''$0*D)A')&"$)1&"$#)"%'(:)"-9")%''3%0)#%-'<%00)TUUVV)
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realm has a relatively stable tidal wetland (intertidal fl ats, tidal marsh and mangrove 

$,1*.*&$/*X),1%*&0-'$)TL3##%.),$)+-3)UVUUXD)!"$)G-H%9I*)M#,"-+$0%91)"%*)&"$)"-9"$*&)

&-(%0)#%'9$)1<)&"$)F$*&)M<#-,%'),1%*&:)5-&")*+#-'9)&-($*)#$%,"-'9)3+)&1)WDb)/)%/+0-&3($)

and strong currents up to 78 cm/s (Campredon and Catry 2016). These intertidal fl ats 

*3++1#&)3+)&1)^VV:VVV)5%($#*)%01'9)&"$)8%*&]M&0%'&-,)O0.5%.)T=%07-9),$)+-3)`ZZW:)N%')

C11/$'),$)+-3)UV``:)6%/+#$(1')%'()6%&#.)UV`^X:)%'()K$,%3*$)1<)&"$)%#,"-+$0%91J*)

extraordinary biodiversity, it was classifi ed as a UNESCO Biosphere Reserve in 1996 

%'()%*)%)C%/*%#)*-&$)-')UV`W)TC%/*%#)61'7$'&-1')=$,#$&%#-%&)UV`WXD)A3#)#$*$%#,")-')

&"$)G-H%9I*)M#,"-+$0%91*)1,,3##$()K$&5$$')A,&1K$#]?$,$/K$#)UV`Z)%'()O$K#3%#.)

UVU`)TO-93#$)ZDUMXD

Figure 9.2) TMX)A7$#7-$5)1<) &"$)G-H%9I*)M#,"-+$0%91) -')23-'$%]G-**%3:)F$*&)M<#-,%) T=$'&-'$0]U)
4UM:)#$*103&-1'S)`V/:)!#3$),101#:)Vq),013(),17$#:)(%&$S)UV`ZjV_j`^XD)@%+3*:)A#%'91:)G-H%'&$:)
Flamingo, and Soga are the intertidal fl ats. (B) An example of the transect survey at Napus (250 
/)K$&5$$')$%,") &#%'*$,&X) +$#+$'(-,30%#) &1) &"$)/%'9#17$) <#-'9$) &15%#(*) &"$) *3K&-(%0) %#$%:)
5"$#$)(1&*)-'(-,%&$)#%.)+-&)%K3'(%',$*)TK03$X)%'()*%/+0$)01,%&-1'*)1<)/%,#1R11K$'&"1*),1#$*)
T.$0015XD)T6X)+-,&3#$)1<)&"$)+#$(%&1#)$i,01*3#$)$i+$#-/$'&%0)*$&3+D

E1"%*$73$%5'*;&'&F*&%*'+7'>&%*;$-'#"3'>$+*1#>"*$+%'G')#+%&'
,1#0&3'
We mapped benthic-ray bioturbation pits of the Napus mudfl at with a DJI Mavic 2 

Y#1)(#1'$)TC2GX)1')&"$)`b&")%'()`^&")1<)O$K#3%#.)UVU`D)O1#)&"-*:)&"$)"-9"]#$*103&-1')

-/%9$*)T9#13'()#$*103&-1')r)VDb),/j+-i$0X)&%P$')K.)&"$)(#1'$)5$#$)*&-&,"$()&19$&"$#)

3*-'9)Y;àW?D)!"$)/%++$()%#$%),17$#$()%')4]*"%+$)*$,&-1')1<)~)WD^)"$,&%#$*:)5"$#$)

the L-shape area was chosen to cover as much intertidal fl ats heterogeneity (e.g., 
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*$(-/$'&) &.+$) %'() K%&"./$&#-,) $0$7%&-1'X) %*) +1**-K0$) 5-&"-') &"$) (#1'$) K%&&$#.)

*3++0.) <1#) 1'$) (%.D) !"-*) -/%9$)5%*) 17$#0%-()5-&") ^W) *n3%#$*) 1<) `^)/U) $%,") %'()

+1*-&-1'$() &1) ,%+&3#$) %*)/3,") *+%&-%0) 7%#-%&-1') -') #%.)+-&) %K3'(%',$)%*)+1**-K0$D)

;')$7$#.)*n3%#$:) #%.)+-&*)5$#$)/%'3%00.)%''1&%&$()K.)7-*3%0)1K*$#7%&-1'*) -')Ç2;=)

7D_D^D_)TÇ2;=)?$7$01+/$'&)!$%/)UV`\XD)!1)-($'&-<.)#%.)+-&*)<#1/)1&"$#)$i,%7%&-1'*)

T<1#/$()K.)1&"$#)1#9%'-*/*)1#)<11&+#-'&*X:)5$),101#]/%#P$()%00)1K*$#7$()$i,%7%&-1'*)

in the field and consequently detected the differences in the size and shape of the 

$i,%7%&-1'*)1')(#1'$)-/%9$*D)A&"$#)1#9%'-*/*)T-D$D:)1&"$#)&"%')*&-'9#%.*X)&"%&)/%.)

bioturbate the sediments of the Bijagós Archipelago are cownose rays, fiddler crabs 

%'(),%0-%'%**-()*"#-/+*)T=3,"%'$P)%'()610-')`Z\^:)80]c%,$'),$)+-3)UV`Z:)O015$#*),$)+-3

2021). We identified the ray pits in this study from other excavations based on the size 

%'()*"%+$)1<)&"$)+-&*)&"%&)#$0%&$)&1)&"$)/%i-/3/)(-*,)5-(&")1<)&"$)#%.)T~_W),/m)O-93#$)

ZD`m)4$3#*),$)+-3 %#)5&,53XD)615'1*$)#%.)+-&*)T(-*,)5-(&")3+)&1)`)/m)T=/-&")%'()L$##-'$#)

`Z\bX)%#$)K-99$#)&"%')*&-'9#%.*)T4$3#*),$)+-3 2023a), and fiddler crabs and calianassid 

*"#-/+*) ,#$%&$) */%00$#) $i,%7%&-1'*) T=3,"%'$P)%'()610-') `Z\^XD) O1#) $%,")1<) &"$*$)

*n3%#$*:)5$),1/+%#$()&"$)-/%9$)1<)O$K#3%#.)̀ b&")&1)&"%&)1<)O$K#3%#.)̀ ^&")%'(),13'&$()

%00)'$50.)<1#/$()#%.)+-&*D)F$)%'%0.R$()&"$)(-*&#-K3&-1')1<)&"$)'$50.)<1#/$()#%. +-&*)

%,,1#(-'9)&1)'1#/%0)T0-'$%#)/1($0*m)4LX)%'(),1',$'&#%&$()(-*&#-K3&-1')T9$'$#%0-R$()

0-'$%#)/1($0*) 5-&") Y1-**1') 1#) '$9%&-7$) K-'1/-%0) (-*&#-K3&-1'X) %'() ,1/+%#$() &"$)

MP%-P$);'<1#/%&-1')6#-&$#-%)<1#)*/%00)*%/+0$)*-R$*)TM;6*XD)!1)&#%'*0%&$)#%.)+-&)*3#<%,$)

,17$#%9$)-'&1)K-1&3#K%&-1')#%&$*:)5$)3*$()&"$)%/13'&)1<)'$50.)<1#/$()+-&*)%'()&"$)

%7$#%9$)+-&)7103/$)/$%*3#$()-')@17$/K$#)UV`ZD

F$)+$#<1#/$()%00)*&%&-*&-,%0)%'%0.*$*)-')C)7DWDVD_)TC)61#$)!$%/)UV`[XD)F$)7%0-(%&$()%00)

model assumptions by plotting (1) residuals versus fitted values to verify homogeneity, 

TUX) ÇÇ]+01&*) 1<) &"$) #$*-(3%0*) &1) &$*&) <1#) '1#/%0-&.) %'() T_X) #$*-(3%0*) 7$#*3*) $%,")

$i+0%'%&1#.)7%#-%K0$)&1),"$,P)<1#)-'($+$'($',$D);')%((-&-1':)="%+-#1]F-0P*J*)&$*&)T5

!)VDVbX)%'()G%#&0$&&J*)&$*&)T5 !)VDVbX)5$#$)3*$()&1)&$*&)<1#)'1#/%0-&.)%'()"1/19$'$-&.)

1<)7%#-%',$:)#$*+$,&-7$0.D)=3#<%,$)K-1&3#K%&-1')+$#)(%.)5%*)019]&#%'*<1#/$()&1)/$$&)

/1($0)%**3/+&-1'*)%'()%'%0.R$()K.)4LD)Y1*&]"1,),1/+%#-*1'*)5$#$)3*$()&1)&$*&)<1#)

significant differences between the five intertidal flats (r-package ‘emmeans’; (Lenth 

UV`ZXD)!"$)#$0%&-1'*"-+)K$&5$$')+-&),13'&*)1')&"$)`b&")%'()`^&" of February was fitted 

3*-'9)%)0-'$%#)#$9#$**-1')/1($0D
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6"%),-"(&G,-".&',("*$".'#"3'($*')$,*#$>1*$+%'H'+>,&#0"*$+%'
,1#0&3,'"-#+,,'*;&'#&5$+%
We quantified ray pit occurrence through transect counts for five sites across the 

%#,"-+$0%91)TO-93#$)ZDUGm)G-H%'&$)r)G-H%'&$:)G3K%n3$:)@``z)`bJ)UWD_l)F`bz)bVJ)VZD^lm)

O0%/-'91)r)G%',1)($)O0%/-'91:)L%-1:)>#1P:)@``z)__J)`\D`l)F`bz)b_J)`WD_lm)A#%'91)r)

M(1'9$:)A#%'91R-'"1:)@``z)VUJ)`VDUl)F`^z)VVJ)b\DVlm)@%+3*)r)@%+3*:)O1#/1*%:)>#1P:)

@``z)UbJ)__D`l)F`bz)b\J)bZD_lm)%'()=19%)r)8',#1/%*:)@``z)`\J)W[D`l)F`bz)bWJ)V`D`lXD)

M&)$%,")01,%&-1':)5$)*%/+0$()&#%'*$,&*)T#)r)b)+$#)01,%&-1':)K3&)=19%)#)r)W:)5-&")UbV)

/)(-*&%',$)K$&5$$')&"$)&#%'*$,&*X)&"%&),17$#$()&"$)$'&-#$)/1#+"1019-,)0%'(*,%+$)1<)

the intertidal flat and that was accessible by foot (from the edge of the subtidal to the 

/%'9#17$)$(9$XD)M00)#%.)+-&*)5-&"-')`)/$&$#)1<)&"$)&#%'*$,&)0-'$)5$#$)/$%*3#$()%01'9)

$%,")&#%'*$,&D)!"$)0$'9&")(-%/$&$#:)5-(&")(-%/$&$#:)($+&")#%(-3*:)%'()5%&$#)($+&")1<)

$%,")#%.)+-&)5$#$)/$%*3#$(D)M((-&-1'%00.:)&"$)01,%&-1')1<)$%,")#%.)+-&)5%*)/$%*3#$()

%&)`,/)+#$,-*-1')5-&")%')C!Q)(2Y=)T!#-/K0$)C\:)2@==]#$,$-7$#X),1''$,&$()&1)%)01,%0)

K%*$) *&%&-1') %*) %) #$<$#$',$) +1-'&D) =/%00) K$'&"-,) #%.*) -') &"$) G-H%9I*) M#,"-+$0%91)

%#$)/1*&0.) #$+#$*$'&$()K.) &"$)/1*&)1,,3##-'9)*&-'9#%.)*+$,-$*:) &"$)+$%#0) *&-'9#%.)

T!"#$%$&'("#)*+&(+&%$,--+m) 4$3#*) ,$) +-3) UVU_KXD) c$',$:) +-&) 7103/$)5%*) ,%0,30%&$() K.)

&#$%&-'9)&"$)+-&*)%*)%)*$/-]$00-+*1-(%0)*"%+$)K%*$()1')&"$)K1(.)*"%+$)1<)&"$)+$%#0)

*&-'9#%.)3*-'9)$n3%&-1')`)TAJ="$%)UV`U:)AJ="$%),$)+-3)UV`U:)L.#-,P)%'()O0$**%)UV`[XS

-')5"-,")I&) -*) 0$'9&")#%(-3*) T(-%/$&$#jUX:)4&) -*)5-(&")#%(-3*) T(-%/$&$#jUX)%'()>&) -*)

($+&")#%(-3*D

!"$) *3#<%,$) %#$%) ,17$#$()5-&") #%.) +-&*) 1<) &"$) &#%'*$,&*)5%*) 019]&#%'*<1#/$() %'()

consequently analyzed by LM and Tukey’s posthoc comparisons to test for significant 

differences between the five intertidal flats (r-package ‘emmeans’; Lenth, 2019).

Because of the spatial heterogeneity of the intertidal flats, we related the ray pit 

%K3'(%',$*)&1)$'7-#1'/$'&%0)+%#%/$&$#*D)!1)(1)*1:)5$)/$%*3#$()%'(j1#)1K&%-'$()

the parameters of the mudflat characteristics, macrozoobenthos, sediment 

properties and emergence time. First, we defined mudflat characteristics (i.e., 

(-*&%',$)&1)/%'9#17$)<1#$*&*:)9300-$*)%'()*3K&-(%0)5%&$#*X)&"#139")Ç2;=)K%*$()1')&"$)

habitat classification of (Meijer ,$)+-3 2021); i.e., mangrove, mudflat and water depth). 

Habitat characteristics were manually verified by comparing the habitat classification 

1<)L$-H$#),$)+-3) TUVU`X)&1)&"$)*%&$00-&$) -/%9$*)T=$'&-'$0]U)4UM:)#$*103&-1'S)`V/:)!#3$)

,101#:)Vq),013(),17$#:)(%&$S)UV`ZjV_j`^X)%'()%(H3*&$()-<)'$$($(D)O1#)-'*&%',$:)K%*$()
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on field observations, gullies that were known to remain inundated during low tide 

5$#$)%(($()&1)&"$)9300.)/%+D)=$,1'(:)&1)011P)%&)+1**-K0$)<11()*13#,$*)1<)&"$)#%.*:)

macrozoobenthos were sampled in a grid of 250 m spread across each intertidal flat 

TO-93#$)ZDUG:)#)= 20 per intertidal flat) with a PVC core of ∅)`b),/)&1)%)($+&")1<)~Ub)

,/D)8%,")*%/+0$)5%*)*-$7$()17$#)%)`)//)#13'()/$*")T61/+&1'),$)+-3)UV`_XD)M<&$#)

*%/+0$),100$,&-1':)%00)/%,#1R11K$'&"1*)*%/+0$*)5$#$)*&1#$()-')`Vq)<1#/%0($".($)

and identified to species level in the laboratory. After identification, species were 

(#-$()<1#)UW)")%&)^Vz6)%'()-',-'$#%&$()<1#)W)"13#*)%&)bbVz6)&1)($&$#/-'$)M*")O#$$)

?#.)F$-9"&) TMO?FXD) !"-#(:) *$(-/$'&) *%/+0$*)5$#$) &%P$') -') &"$) *%/$)UbV)/)9#-()

%*) &"$)/%,#1R11K$'&"1*)*%/+0$*D)!1)%'%0.R$)*$(-/$'&),1/+1*-&-1':)5$)*%/+0$()

&"$)&1+]`)%'()&1+]b),/)1<)&"$)*$(-/$'&)*3#<%,$)5-&")%)*/%00),1#$)1<)∅)UDb),/)%'()

($&$#/-'$()&"$)1#9%'-,)/%&&$#),1'&$'&)1<)&"$)*1-0:)/$(-%')9#%-')*-R$)?bV)Tμ/X)%'()

*-0&q) T9#%-')*-R$)"^_)μ/XD)O1#) &"$),%0,30%&-1')1<)1#9%'-,)/%&&$#),1'&$'&:) &"$)MO?F)

1<)*$(-/$'&)*%/+0$*)5%*)($&$#/-'$(:)%'() &"$)+$#,$'&%9$)5$-9"&) 01**)1') -9'-&-1')

T4A;)5&qX)5%*),%0,30%&$(D)!1)/$%*3#$)/$(-%')9#%-')*-R$)%'()*-0&q:)*$(-/$'&)*%/+0$*)

5$#$) <#$$R$](#-$() T]bbV) 6:) W\) "X:) *-$7$() 17$#) `]//)/$*") %'() %'%0.R$() 5-&") &"$)

L%07$#')L%*&$#*-R$#)UVVV) TL%07$#') ;'*&#3/$'&*:)F1#,$*&$#*"-#$:)>'-&$()Q-'9(1/:)

*$#-%0)'3/K$#)_WWV_j`_Z:)/1($0)MYM)UVVV)5-&")c.(#1)2)UVVV)-'&#1(3,&-1')3'-&)%'()

M3&1*%/+0$#)UVVVXD)4%*&:)$/$#9$',$)&-/$)5%*)($#-7$()<#1/)&"$)#$*30&*)1<)T2#%'%($-#1)

,$)+-3)UVU`X)&"%&)$*&-/%&$()$i+1*3#$)5-&")=$'&-'$0]U)*%&$00-&$)-/%9$#.D

!1),1##$0%&$)&"$)$'7-#1'/$'&%0)+%#%/$&$#*)&1)&"$)#%.)+-&)%K3'(%',$*:)5$)+$#<1#/$()

1#(-'%#.)P#-9-'9)&1)-'&$#+10%&$)%'.)/-**-'9)(%&%)+1-'&*)<1#)/$(-%')9#%-')*-R$)?bV:)*-0&q)

%'()/%,#1R11K$'&"1*)MO?F)K%*$()1')&"$)UbV)/)9#-()*%/+0$*)T#)r)UV)*%/+0$*)+$#)

intertidal flat with a sampling and interpolation coverage of 0.5-0.75 kmUm)#]+%,P%9$S)

‘automap’; Hiemstra, 2022) in R (R Core Team 2020). The function ‘autoKrige’ fits a 

7%#-19#%/)/1($0)&1)&"$)9-7$')(%&%)*$&)%'()#$&3#'*)&"$)#$*30&*)1<)&"$)-'&$#+10%&-1'S)

+#$(-,&-1':)7%#-%',$)%'()*&%'(%#()($7-%&-1'D)!"$)$'7-#1'/$'&%0)+%#%/$&$#*)1<)#%.)

+-&)%K3'(%',$)5$#$)/1($0$()5-&")%)9$'$#%0-R$()%((-&-7$)/1($0)T2MLX)5-&")*/11&")

splines to allow fitting any non-linear pattern (r-package ‘mgcv’; Wood 2017), where 

intertidal flats were modeled as a random factor. Ray pit abundance was zero-

inflated and tested with r-package ‘DHARMa’ (Hartig 2023). We tested if the smooth 

&$#/*)5$#$) '$,$**%#.) K.) #3''-'9) &"$)/1($0)5-&") %'()5-&"13&) */11&") &$#/*) <1#)

$%,")+#$(-,&1#)*$+%#%&$0.D)!"$)015$*&)M;6)5%*)#$%,"$()K.)-',03(-'9)*/11&")&$#/*)

on all the predictors, except sediment median grain size D50, and the significance of 

*/11&"$#*)5%*)&$*&$()7-%)%')%(%+&$()F%0()&$*&)TF11()UV`[XD)!"$)2MLJ*)*/11&"$#*)

were estimated through restricted maximum likelihood to prevent overfitting. 
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Residual spatial autocorrelation was inspected by fitting a GAM with a tensor product 

1<) &"$),11#(-'%&$*) &1) &"$) #$*-(3%0*)1<) &"$)1#-9-'%0)2ML) TF11()UV`[XD)2ML)/1($0)

*$0$,&-1')5%*)+$#<1#/$()K.)#%'P-'9)%00)+1**-K0$)*3K*$&*)1<)&"$)<300)2ML)K%*$()1')M;6,)

T#]+%,P%9$)EL3L-'Jm)TG%#&I')UVUUXXD)!"$)1+&-/%0)*3K*$&)%++#1%,")5%*)3*$()K$,%3*$)

-&)+$#<1#/*)K$*&)5"$'),1/+%#-'9)/1($0*) &"%&),1'&%-'),1##$0%&-'9)/$%*3#$/$'&*D)

M(H3*&$()C]*n3%#$()7%03$*)5$#$)3*$()&1)%**$**)17$#%00)/1($0)+$#<1#/%',$D

!1) &$*&) <1#) &"$) *$'*-&-7-&.) 1<) &"$) #%.)+-&*) 01'9$7-&.) &1) $i+1*3#$:)5$)/$%*3#$() &"$)

longevity of artificial pits (#rUV:)*&%#&-'9)+-&)*-R$)5%*)UbiUWiW)å4iFi?çX)-')&51)01,%&-1'*)

5-&") $i+$,&$() "-9") %'() 015) $i+1*3#$) &1) ".(#1(.'%/-,) <1#,$*D) c-9") $i+1*3#$)

01,%&-1'*)5$#$)*-&3%&$()$i+1*$()&1)&"$)-',1/-'9)&-($)%&)`VV]_VV)/)&1)&"$)*3K&-(%0)

5%&$#*:) 5"$#$%*) 015) $i+1*3#$) 01,%&-1'*) 5$#$) *-&3%&$() %&) &"$) /%'9#17$) $(9$:)

sheltered by the intertidal flat at 300-500 m to the subtidal waters. Measurements 

5$#$)&%P$')<1#)\W)")5-&")%)`U]_^)")-'&$#7%0)($+$'(-'9)1')%,,$**-K-0-&.D

Although we expected differences in exposure to hydrodynamic forces, the locations 

were chosen based on a comparable elevation, with, on average, a relative difference 

1<) é\DZ) ,/) %&) &"$)/%'9#17$) $(9$) ,1/+%#$() &1) &"$) $i+1*$() 01,%&-1':) /$%*3#$()

%&)`],/)+#$,-*-1')5-&")%')C!Q)(2Y=) T!#-/K0$)C\:)2@==]#$,$-7$#X) ,1''$,&$() &1) &"$)

01,%0)K%*$)*&%&-1')%*)%) #$<$#$',$)+1-'&D)C%.)+-&) 01'9$7-&.)5%*)%'%0.R$()5-&") 0-'$%#)

#$9#$**-1')/1($0*D)

Ray bioturbation effects on sediment and macrozoobenthos – 
&F-.1,$+%'&F(&#$@&%*
!1) &$*&) &"$) ,1'*$n3$',$*) 1<) K$'&"-,) #%.) %K*$',$) 1') *$(-/$'&) +#1+$#&-$*) %'()

/%,#1R11K$'&"1*:) 5$) $i+$#-/$'&%00.) $i,03($() +#$(%&1#*) T$D9D:) #%.*) %'() K-#(*X)

5-&")%)`b]/1'&")$i,01*3#$)$i+$#-/$'&D)F$)-'*&%00$()_V),-#,30%#)$i+$#-/$'&%0)+01&*)

T(-%/$&$#)1<)U)/X)-')A,&1K$#)UV`Z)TO-93#$)ZDU6XD)F$)($+01.$()&"$)<10015-'9)$i+$#-/$'&)

&#$%&/$'&*S)%T)+#$(%&1#)$i,01*3#$)T$i,01*3#$:)#)r)̀ UX:)%%T)effect of exclosure (one-sided, 

1+$')$i,01*3#$m)#)r)^X:)%'()%%%T)'1)$i,03*-1')T,1'&#10m)#)r)`UXD)Y#$(%&1#*)5$#$)$i,03($()

with barriers made of glass-fiber sticks (1 x 0.003 m, length x diameter) inserted halfway 

TbV),/X)-'&1)&"$)*$(-/$'&)%&)%)b),/)-'&$#7%0D)O1#)&"$)1+$')$i,01*3#$:)5$),1'*&#3,&$()

+01&*)5-&")1'0.)"%0<)1<)&"$),-#,0$)T∅ 2 m) covered by glass-fiber sticks to test for the 

geomorphic effects of the exclosure method on sediment properties. These open 

$i,01*3#$*)5$#$)-'*&%00$()5-&")&"$)1+$'-'9)&1)$%,")1<)&"$),%#(-'%0)(-#$,&-1'*)T#)r)_)+$#)

,%#(-'%0)(-#$,&-1':)'1#&":)$%*&:)*13&")%'()5$*&m)&1&%0)#)r)`UXD)!"$)+01&*)5$#$)*+%,$()

_Db/)%+%#&) -')%) #%'(1/-R$()K01,P)($*-9'D) !"$) ,1'&13#*)1<) &"$) ,1'&#10)+01&*)5$#$)
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/%#P$()K.)<13#)*&-,P*:)5"-,")"%()'1)<3#&"$#)$i,01*3#$)<3',&-1'D)M<&$#),13'&-'9)#%.)

pits in the experimental plots, we could confirm that the exclosures were effective for 

K$'&"-,)#%.*)*-',$)V)})Vq)T/$%')})*D$DX)1<)&"$)$i,01*3#$*),1'&%-'$()#%.)+-&*:),1/+%#$()

&1)W\)})^q)%'()__}^q)-')&"$)1+$')$i,01*3#$*)%'(),1'&#10:) #$*+$,&-7$0.) TM++$'(-i)

9.1). However, the exclosures also seemed to be effective in excluding wading birds 

*-',$)5$)1K*$#7$()K-#()&#%,P*)-')b)})V)q)1<)&"$)$i,01*3#$*:),1/+%#$()&1)WU}^q)%'()

Wb}^q)-')&"$)1+$')$i,01*3#$)%'(),1'&#10D)O1#)&"$)$'&-#$)(3#%&-1')1<)&"$)$i+$#-/$'&:)

+01&*)5$#$)-'*+$,&$()%'()/%-'&%-'$()<1#)<130-'9:)*,13#-'9:)%'()/-**-'9)*&-,P*)1',$)

$7$#.)&51)/1'&"*)1')%7$#%9$D)M<&$#)`b)/1'&"*)1<)($+01./$'&)1<)&"$)$i,01*3#$*:)5$)

*%/+0$()/%,#1R11K$'&"1*)%'() *$(-/$'&)+#1+$#&-$*D) !"$)/%,#1R11K$'&"1*)5$#$)

*%/+0$()5-&")%)YN6),1#$#)1<)∅) `b) ,/) &1)%)($+&")1<)~Ub),/:) *-$7$()17$#)%)`)//)

#13'()/$*") T61/+&1'),$)+-3 2013), fixated in 10% formaldehyde and identified to 

species level in the laboratory. After identification, we measured species abundance 

%'()K-1/%**D) =+$,-$*)5$#$)(#-$() <1#) UW)") %&) ^Vz6)%'() -',-'$#%&$() <1#) W)"13#*) %&)

bbVz6)&1)($&$#/-'$)M*")O#$$)?#.)F$-9"&)TMO?FXD)=$(-/$'&)+#1+$#&-$*)5$#$)*%/+0$()

5-&")%)*/%00),1#$)1<)∅)UDb),/)T&"$)&1+]`)%'()&1+]b),/)1<)&"$)*$(-/$'&)*3#<%,$X)%'()

%'%0.R$()<1#)1#9%'-,)/%&&$#),1'&$'&)1<)&"$)*1-0:)/$(-%')9#%-')*-R$)?bV)Tμ/X)%'()*-0&q)

T9#%-')*-R$)"^_)μ/XD)!1),%0,30%&$)1#9%'-,)/%&&$#),1'&$'&)T+$#,$'&%9$)5$-9"&)01**)1')

-9'-&-1') T4A;) 5&qXX:) *$(-/$'&) *%/+0$*)5$#$)(#-$() <1#)UW)")%&)^Vz6)%'() -',-'$#%&$()

<1#)W)"13#*)%&)bbVz6D) !1)/$%*3#$)/$(-%')9#%-') *-R$)%'()*-0&q:) *$(-/$'&) *%/+0$*)

5$#$)<#$$R$](#-$()T]bbV)6:)W\)"13#*X:)*-$7$()17$#)`]//)/$*")%'()%'%0.R$()5-&")&"$)

L%07$#')L%*&$#*-R$#)UVVV) TL%07$#') ;'*&#3/$'&*:)F1#,$*&$#*"-#$:)>'-&$()Q-'9(1/:)

*$#-%0)'3/K$#)_WWV_j`_Z:)/1($0)MYM)UVVV)5-&")c.(#1)2)UVVV)-'&#1(3,&-1')3'-&)%'()

Autosampler 2000). In addition, the effect of ray exclusion on sediment dynamics 

5%*) -'7$*&-9%&$()5-&") *$(-/$'&) $#1*-1')+-'*) T@10&$) ,$) +-3) UV`_XD)>+1') -'*&%00%&-1')

-') UV`Z:) $%,")+01&)5%*) $n3-++$()5-&") &51) *$(-/$'&)+-'*) &"%&) ,1'*-*&$()1<) %) &"-')

one-meter-long metal rod anchored ~85 cm into the sediment, with a loosely fitting 

/$&%0)#-'9)*3##13'(-'9)-&)%&)&"$)*$(-/$'&)*3#<%,$D)!"-*)%0015$()3*)&1)&#%,P)/%i-/3/)

$#1*-1':)*$(-/$'&)%,,#$&-1')%'()'$&),"%'9$)1<)&"$)*$(-/$'&J*)*3#<%,$)$0$7%&-1')17$#)

&"$)$i+$#-/$'&%0)+$#-1()1<)`b)/1'&"*D

!"$)-/+%,&)1<)+#$(%&1#.)$i,03*-1')1')/%,#1R11K$'&"1*)5%*)7-*3%0-R$()3*-'9)@1']

L$&#-,) L30&-(-/$'*-1'%0) =,%0-'9) T@L?=X) TQ#3*P%0) %'() F-*") `Z[\X) 1') G#%.]63#&-*)

(-**-/-0%#-&.) -'(-,$*) T60%#P$) %'() 2#$$') `Z\\X) 3*-'9) #]+%,P%9$) E7$9%'J) TAP*%'$')

2019). For this analysis, rare species, defined as species with less than two total 

occurrences, were excluded to prevent them from appearing too influential in the 

graphical representation of the ordination (Poos and Jackson 2011). Differences 
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!"#$%&'()

K$&5$$') &"$) &#$%&/$'&*) 5$#$) &$*&$() 5-&") +$#/3&%&-1'%0) /30&-7%#-%&$) %'%0.*-*) 1<)

7%#-%',$)TY8CLM@ANM:)ZZZ)+$#/3&%&-1'*X:) -',1#+1#%&-'9)$i+$#-/$'&%0)K01,P*)%*)%)

random intercept. To test for the effect of predator exclusion on abiotic parameters, 

we used linear mixed-effect models (LMM) with ‘block’ as a random factor. Post-

hoc comparisons were used to test for significant differences between the effect of 

+#$(%&1#)$i,01*3#$:)1+$')$i,01*3#$)%'(),1'&#10)T#]+%,P%9$)E$//$%'*Jm)4$'&")UV`ZXD

*2&/14&
4&%*;$-'#"3',&)$@&%*'>$+*1#>"*$+%
!1) $i%/-'$) K$'&"-,) K-1&3#K%&-1') #%&$*:) 5$) *3#7$.$() '$50.) <1#/$() #%.) +-&*) %'()

volumes on two consecutive days at the intertidal flat Napus. The distribution of ray 

+-&*)7%#-$()K$&5$$')V)%'()U)'$50.)<1#/$()#%.)+-&*)/]UD)!"$)(-*&#-K3&-1')1<)&"$*$)+-&*)

#$0%&$()&1)&"$)$'7-#1'/$'&%0)+#$(-,&1#*)T(-*&%',$)&1),#$$P:)(-*&%',$)&1)/%'9#17$*)%'()

$0$7%&-1'X)5%*)K$*&)($*,#-K$()%,,1#(-'9)&1),1',$'&#%&$()<1#%9-'9)+%&&$#'*)T'$9%&-7$)

K-'1/-%0) (-*&#-K3&-1'X) 7$#*3*) #%'(1/) (-*&#-K3&-1') T'1#/%0) (-*&#-K3&-1'm) M++$'(-i)

ZDUXD)!1)$*&-/%&$)&"$)*3#<%,$)&"%&)5%*)K-1&3#K%&$()K.)&"$)$i,%7%&-1')1<)&"$*$)+-&*:)

5$)3*$()&"$)%7$#%9$)+-&)7103/$)1<)`W[bD\[),/_)T')r)WWV)%&)@%+3*)UV`ZX)&1),%0,30%&$)

&"$)K-1&3#K%&-1')#%&$*)K%*$()1')&"$)'3/K$#)1<)'$50.)<1#/$()#%.)+-&*)1')1'$)*-'90$)

UW]"13#)+$#-1()-')O$K#3%#.)UVU`D)!1)$*&-/%&$)&"$)*3#<%,$)&"%&)5%*)K-1&3#K%&$()K.)

&"$)$i,%7%&-1')1<)&"$*$)+-&*:)5$)3*$()&"$)%7$#%9$)+-&)7103/$)1<)`W[bD\[),/_)T#)r)WWV)

%&)@%+3*)UV`ZX) &1),%0,30%&$) &"$)K-1&3#K%&-1')#%&$*)K%*$()1')&"$)'3/K$#)1<)'$50.)

<1#/$()#%.)+-&*)17$#)1'$)*-'90$)UW]"13#)+$#-1()-')O$K#3%#.)UVU`D)F$)<13'()&"%&)#%.)

+-&)$i,%7%&-1')K-1&3#K%&$()&"$)*$(-/$'&)*3#<%,$)5-&")_D[}VDWq)+$#)(%.)T/$%'}=8X)

%'()3+)&1)`WD_q)+$#)(%.D)!"-*)$n3%0*)%)7103/$)1<:)1')%7$#%9$:)[^bD_)})[_DV),/_/]

U(%.]`)/$%*3#$()17$#)1'$)*-'90$)UW]"13#)+$#-1()%'()-*)$n3-7%0$'&)&1)%)&3#'17$#)#%&$)

of 27 days. The total surface covered with ray pits on the intertidal flats of Napus on 

&"$)`b&")1<)O$K#3%#.)5%*)WDZ[)})VD^\q)T/$%')})*D$Dm)O-93#$)ZD_XD)

61'*$n3$'&0.:)5$)3*$()&"$)#$0%&-1'*"-+)K$&5$$')&"$)&1&%0)%/13'&)1<)+-&*)%'()'$50.)

formed pits measured in 2021 to estimate the bioturbation rates on all five intertidal 

flats measured in 2019. The relation between the total amount of ray pits on February 

`b&") %'() &"$)'$50.) <1#/$()+-&*) 1') O$K#3%#.) `^&") ,130()K$)($*,#-K$()%,,1#(-'9) &1)

0-'$%#) #$9#$**-1';) ') r) bDb\)é) VDU[W:) TO-93#$) WK:)C[)r)VDbUXD) ;/+0$/$'&%&-1')1<) &"-*)

0-'$%#)#$9#$**-1')1')&"$)/$%*3#$/$'&*)1<)@17$/K$#)UV`Z)T*&%#&)1<)&"$)$i+$#-/$'&:)

($*,#-K$() -') *$,&-1') _DU) K$015X) -/+0-$() &"%&) K-1&3#K%&-1') #%&$*) %&) &"%&) +%#&-,30%#)

/1/$'&) #%'9$() K$&5$$') VD`W}VDVW) %'() VDWW}VD`Vq) T/$%'}=8:) O-93#$) W,:) `]5%.)
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M@ANM:)OW:`Z)r)[D`_`W:)5)")VDVV`XD)!"$*$)K-1&3#K%&-1')#%&$*)-')O$K#3%#.)UVU`)5$#$)\DW)

&-/$*)"-9"$#)%&)@%+3*),1/+%#$()&1)@17$/K$#)UV`Z:)%'()&"$#$<1#$:)-&)-*)0-P$0.)&"%&)

K-1&3#K%&-1')#%&$*)7%#.)(%-0.:)*$%*1'%00.)%'(j1#).$%#0.D

Figure 9.3 Annotations of new ray pits on the tidal fl at Napus on February 16th, 2021. An 
$i%/+0$)1<)1'$)R11/$(]-')#%.)+-&)-*)*"15')T-'*$#&:)&1+]0$<&XD)c-9")K-1&3#K%&-1')1<)_D[V)})VD_bq)
1<)&"$)*3#<%,$)%#$%)+$#)(%.)5%*)1K*$#7$()%'()/$%*3#$()17$#)1'$)UW]"13#)+$#-1()T/$%')})=8XD)
!"-*)K-1&3#K%&-1')"%()%)7103/$)1<)[^bD_`)})[UDZ[),/_)/]U)(%.]`)T/$%')})=8XD
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4&%*;$-'#"3'($*'">1%)"%-&=',("*$".')$,*#$>1*$+%'"%)'.+%5&0$*3
We determined if the abundance of ray pits could be infl uenced by the intertidal fl at 

/1#+"1019.D)O1#)$i%/+0$:)#%.)+-&*)$#1($)<%*&$#)3'($#)"-9"0.)".(#1(.'%/-,),1'(-&-1'*)

TAJ="$%),$)+-3 2012). We counted the number of ray pits at fi ve intertidal fl ats through a fi eld 

survey in November 2019. We found that the total excavated surface area signifi cantly 

diff ered among intertidal fl ats and ranged between 0.39 ± 0.50 and 1.30 ± 1.64% of the 

total intertidal fl at surface area (mean ± s.e.) (Figure 4a, one-way ANOVA, FU:`Z)r)bDb^^:)

5)r)"VDVV`XD) ;')%((-&-1':)&"$#$)5%*)%)9#$%&)0$7$0)1<)#%.)+-&)*+%&-%0)"$&$#19$'$-&.)5-&"-')

the intertidal fl ats. To explain the spatial distribution of ray pits within the intertidal fl at 

0%'(*,%+$:)5$)-'7$*&-9%&$()&"$)#$0%&-1')1<)+-&)%K3'(%',$)&1)$'7-#1'/$'&%0)+%#%/$&$#*)

T!%K0$)ZD`XD) !"$)(-*&#-K3&-1')1<) &"$*$) #%.)+-&*) ,130()K$)+#$(-,&$() T($7-%',$)$i+0%-'$()

_bD_qX)K%*$()1')*$(-/$'&),"%#%,&$#-*&-,*S)/$(-%')9#%-')*-R$)?bV:)*-0&q:)1#9%'-,)/%&&$#)

,1'&$'&:)(-*&%',$)&1)&"$)*3K&-(%0)%'()$/$#9$',$)&-/$)T!%K0$)ZD`XD)

!1)&$*&)<1#)%)#$0%&-1'*"-+)K$&5$$')#%.)+-&)%K3'(%',$)%'()/1#+"1019.:)5$)/$%*3#$()

the longevity of hand-made ray pits at two locations with diff ering exposure but 

,1/+%#%K0$)$0$7%&-1')T1')%7$#%9$)é\DZ),/)%&)&"$)/%'9#17$)$(9$),1/+%#$()&1)&"$)

$i+1*$()01,%&-1'XD)F$)<13'()%)_Db)&-/$*)<%*&$#)+-&)7103/$)($,%.)#%&$)%&)&"$)$i+1*$()

location with a coeffi  cient of -2.87 (RU) r) VD\\X:) ,1/+%#$() &1) ]VD\`) TCU) r) VDW^X) %&) %)

location sheltered by the intertidal fl at itself (mangrove edge; Appendix 9.3). This 

/$%'*)&"%&:)%<&$#)UW)"13#*:)1'0.)`[DUq)1<)#%.)+-&)7103/$)#$/%-'$()-')$i+1*$()%#$%*:)

-'),1'&#%*&)&1)[WDVq)1<)&"$)1#-9-'%0)+-&)7103/$)#$/%-'-'9)-')*"$0&$#$()%#$%*D

Figure 9.4 (A) High tidal fl at surface area covered with ray pits in percentage, based on the 
observational survey with transects (n = 5 per tidal fl at, Soga n = 4) in November 2019. Letters 
indicate signifi cant diff erences tested with Tukey’s posthoc; (B))#$0%&-1')K$&5$$')#%.)+-&),13'&*)
1')&"$)`b&")1<)O$K#3%#.)%'()'$50.)<1#/$()+-&),13'&*)1')&"$)`^&")1<)O$K#3%#.)UVU`D)!"$)*3#<%,$)
of the tidal fl ats bioturbated per day was calculated using linear regression and the ray pit 
%K3'(%',$*)1<)O-93#$)ZD_:)#$*30&-'9)-')(C))&1&%0)*3#<%,$)%#$%)+$#,$'&%9$)K-1&3#K%&$()+$#)(%.)+$#)
tidal fl at in November 2019 (n = 5 per tidal fl at, Soga n = 4).
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Predator exclusion effects on sediments and macrozoobenthos
!"$)$i,03*-1')1<)+#$(%&1#*)*3,")%*)#%.*)%'()*"1#$K-#(*),#$%&$()/3((-$#)%'()/1#$)

*&%K-0-R$() *$(-/$'&*:) %) "-9"$#) %K3'(%',$) 1<) 6%+-&$00-(%$) 51#/*:) %'() %) 9#$%&$#)

K-1/%**) 1<)L%0%,1*&#%,%) 17$#) &-/$) T`b)/1'&"*XD) =-0&) %'() 1#9%'-,)/%&&$#) ,1'&$'&)

5$#$) UVq) T!3P$.:) 5"VDV`X) %'() `Vq) T!3P$.:) 5"VDVV`X) "-9"$#:) #$*+$,&-7$0.:) -') &"$)

&1+]b)*$(-/$'&) 0%.$#)1<) &"$)$i,01*3#$*) &"%') -') &"$),1'&#10)+01&*) -')O$K#3%#.)UVU`)

(Table 9.2), while there were no differences in sediment properties at the start of the 

$i+$#-/$'&)T@17$/K$#)UV`Z:)M++$'(-i)ZD`XD);')%((-&-1':)&"$)$i,01*3#$*)*"15$()]`[q)

*$(-/$'&%&-1')T!3P$.:)5"VDV`X)%'()]W_q)$#1*-1')T!3P$.:)5"VDVVV`X)%<&$#)`b)/1'&"*)

(Table 9.2), indicating higher sediment stability. Furthermore, we found no effects of 

&"$)1+$')$i,01*3#$*)1')*$(-/$'&)+#1+$#&-$*)T$D9D:)/$(-%')9#%-')*-R$:)*-0&q:)1#9%'-,)

/%&&$#) ,1'&$'&:) $#1*-1':) %,,#$&-1'X) %*) &"$) 1+$') $i,01*3#$*) .-$0($() #$*30&*) *-/-0%#)

to the controls (Table 9.2). We can therefore safely assume that the effects of the 

$i,01*3#$*)1')*$(-/$'&)+#1+$#&-$*)%#$)&"$)#$*30&)1<)+#$(%&1#)$i,03*-1')%'()'1&)%')

effect of the exclosure structures themselves. Moreover, predator exclusion altered 

&"$)/%,#1R11K$'&"-,),1//3'-&.),1/+1*-&-1') T%<&$#)`b)/1'&"*X)K%*$()1')*+$,-$*)

K-1/%**)TO-93#$)bm)Y8CLM@ANM:)')r)ZZZ:)!)r)^D_\:)5)"VDVV`X)%'()*+$,-$*)%K3'(%',$)

TM++$'(-i) ZDWm) Y8CLM@ANM:) ') r) ZZZ:) !) r) _DbU:) 5) ") VDV`XD) ;') O$K#3%#.) UVU`:) &"-*)

difference could partly be explained by a 1.8 times higher abundance of polychaete 

51#/*)1<) &"$)6%+-&$00-(%$) <%/-0.)%'()%)WDV) &-/$*)"-9"$#)K-1/%**)1<)L%0%,1*&#%,%)

-') &"$)$i,01*3#$),1/+%#$() &1),1'&#10:)5"-0$)%)VD^) &-/$*) 015$#)%K3'(%',$)1<)K1&")

Y-0%#9-(%$) %'() @$#$-(-(%$) 5%*) 1K*$#7$() TM++$'(-i) ZDb:) ZD^XD) !"$) K-1/%**) 1<) &"$)

K-7%07$*) H+(,--12) +7"#2"#%%) %'() <,#%-%+) 2,#%-%2) -') &"$) $i,01*3#$) %#$) #$*+1'*-K0$) <1#)

13&0-$#*)%&)K1&")&"$)*&%#&)T&"#$$)&-/$*)"-9"$#),1/+%#$()&1),1'&#10)-')@17$/K$#)UV`ZX)

%'()$'()TUb)&-/$*)"-9"$#),1/+%#$()&1),1'&#10)-')O$K#3%#.)UVU`X)TM++$'(-i)ZDb:)ZD^XD)D

Table 9.1 Significance of smoothers and model summary statistics of four best model subsets 
#%'P$()K.) 015$*&)M;6*)1<)&"$)2ML)+#$(-,&-'9)#%.)+-&)%K3'(%',$D)!"$)+#$(-,&1#*)%#$)(-*&%',$)
to subtidal water, emergence time, sediment median grain size D50 in μm, sediment silt%, 
sediment organic matter content (OM), and region of the tidal flats as a random effect. If the 
environmental parameter is included in the model, it shows a significance level. Therefore, 
empty cells indicate that the specific parameter is not included in that model. The ray pit 
abundance data includes all five flats, with the flat as a random factor. ***<0.001, **<0.01, ns 
means not significant.
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At the start of the experiment, the macrozoobenthic communities did not differ between 
&"$)$i,01*3#$)%'(),1'&#10)<1#)K1&")*+$,-$*J)K-1/%**)%'()%K3'(%',$)TM++$'(-i)ZD[:)ZD\m)
Y8CLM@ANM:)')r)ZZZ:)%K3'(%',$S)!)r)VDb_:)5)r)VD\VZ:)K-1/%**S)!)r)VD[^:)5)r)VD^[WX

Table 9.2 The effects of predator exclosure on sediment properties, accretion and erosion levels 
compared to the open exclosure and control treatments. Letters indicate significant differences 
&$*&$()5-&")!3P$.J*)+1*&]"1,D

E,&9/&&,.(
Rays are sensitive to overfishing and rapidly disappearing from intertidal flat 
$,1*.*&$/*)T?307.),$)+-3)UVU`XD)C%.*),%')K$)-/+1#&%'&)-')($&$#/-'-'9)&"$),1//3'-&.)
structure and morphology of intertidal flats through natural physical disturbance by 
K-1&3#K%&-'9)&"$)*$(-/$'&D)G-1&3#K%&-1')-*)%)P$.)<%,&1#)-')*$(-/$'&)&#%'*+1#&:)+1#1*-&.)
%'()+$#/$%K-0-&.) T!"-*&0$) `Z\`:) !"#3*"),$) +-3) `ZZ`:)L$.*/%'),$) +-3) UVV^XD)c15$7$#:)
&"$)$,1019-,%0)#10$)1<)&"$*$)<13'(%&-1')*+$,-$*)-')-'&$#&-(%0)$,1*.*&$/*)-*)*&-00)+11#0.)
3'($#*&11(D)F$)&"$#$<1#$)0-'P$()#%.)K-1&3#K%&-1')Å)%'()&"$)%K*$',$)1<)&"-*)K$"%7-1#)
–  to landscape-scale intertidal flat geomorphology in a relatively less-exploited (i.e., 
"-9")%K3'(%',$)1<)K$'&"-,)#%.*X)&#1+-,%0)-'&$#&-(%0)*.*&$/)T4$3#*),$)+-3)UVU_KXD
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These ray abundances are estimated based on small-scale fi sheries ray catches by Leurs 

,$)+-3)T%#)5&,53T)3*-'9)*%&$00-&$]K%*$()7$**$0),13'&*)%'()%)*"1#&]&$#/)1K*$#7$#)+#19#%/)&"%&)

$*&-/%&$()&"%&)\Z^)&1)U:^\b)#%.*)5$#$),%+&3#$()(%-0.)-')UVUV)-')&"$)G-H%9I*)M#,"-+$0%91)

T4$3#*),$)+-3 %#)5&,53). We found that benthic rays aff ect intertidal fl at sediment dynamics 

by digging excavations and bioturbating 3.7% of the total sediment surface per day over 

1'$)*-'90$)UW]"13#)+$#-1(D)!"-*)-/+0-$*)&"%&)&"$)$'&-#$)*$(-/$'&)*3#<%,$)%#$%)-*)#$51#P$()

K.)#%.*)$7$#.)U[)(%.*D)!"$*$)K-1&3#K%&-1')#%&$*)7%#-$()*3K*&%'&-%00.)1')%)0%'(*,%+$)0$7$0:)

among years, intertidal fl ats and within one intertidal fl at landscape. Furthermore, the 

%K*$',$)1<)'%&3#%0)+".*-,%0)(-*&3#K%',$)K.) #%.*:) *-/30%&$()K.)%) 01'9]&$#/)$i,01*3#$)

$i+$#-/$'&:)-',#$%*$()*$(-/$'&)*&%K-0-&.)T#$(3,$()$#1*-1')%'()%,,#$&-1'X)%'()-',#$%*$()

*-0&q)%'()1#9%'-,)/%&&$#),1'&$'&)-')&"$)&1+)*$(-/$'&)0%.$#D)

Figure 9.5 A#(-'%&-1')1<)&%i%),1/+1*-&-1')K%*$()1')*+$,-$*)K-1/%**)T%*"]<#$$)(#.)5$-9"&)/]UX)
-')&"$)+#$(%&1#)$i,01*3#$*),1/+%#$()&1)&"$),1'&#10)+01&*)5-&"13&)%'.)$i,03*-1')7-*3%0-R$()5-&")
@1']L$&#-,)L30&-(-/$'*-1'%0)=,%0-'9) T'L?=X)1')G#%.]63#&-*)(-**-/-0%#-&.) -'(-,$*)%'() #$0-%K0$)
1#(-'%&-1')T*&#$**)7%03$)s)VDUXD)800-+*$*)-'(-,%&$)&"$)+#$,-*-1')1<)&"$)$*&-/%&$(),$'&#1-()T=8X)5-&")
a 95% confi dence interval.
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!"-*) -'(-,%&$*) &"$) -/+1#&%',$) 1<) '%&3#%0) +".*-,%0) (-*&3#K%',$) K.) K$'&"-,) #%.*) 1')

intertidal flat biogeomorphology. In addition, the long-term (15 months) exclosure 

$i+$#-/$'&) ,"%'9$() &"$) /%,#1R11K$'&"1*) ,1//3'-&.) ,1/+1*-&-1') K.) %) "-9"$#)

%K3'(%',$)1<)6%+-&$00-(%$)51#/*)%'()%)9#$%&$#)K-1/%**)1<)L%0%,1*&#%,%)17$#)&-/$D)

M0&"139")5$)5$#$)3'%K0$)&1)*$+%#%&$0.)$i,03($)#%.*)1#)5%(-'9)K-#(*)-')&"$)+#$(%&1#)

exclosure experiment, we can safely assume that the bioturbation effects are due to ray 

$i,%7%&-1':)9-7$')&"%&)K-#(*)<$$()5-&"13&)K-1&3#K%&-'9)&"$)*$(-/$'&)*3#<%,$)T413#$'|1)

,$)+-3)UV`[:)UV`\XD)O3#&"$#/1#$:)+#$7-13*)#$*$%#,")<13'()&"%&)K-1&3#K%&-1')K.)K$'&"-,)

rays can change the sediment biogeochemistry of sandflats by rapid remineralization 

of organic matter, slowed flushing near the ray pits and increased reactive carbon 

*3++0.) T?JM'(#$%),$)+-3)UVVUXD)c$',$:)17$#$i+01-&%&-1')1<)K$'&"-,) #%.*)/%.)%0&$#) &"$)

ecosystem functioning of threatened intertidal flat seascapes.

Benthic rays can substantially alter intertidal flat sediment turnover by sediment 

K-1&3#K%&-1':)%'()&"$)/%9'-&3($)1<)*$(-/$'&)(-*+0%,$/$'&)#%&$*) T/$%')1<)[^bD_`)

,/_/]U(%.]`X) <13'() -') &"-*) *&3(.) <3#&"$#) 3'($#0-'$*) &"$) -/+1#&%',$) 1<) &"$*$) #%.]

induced processes for intertidal flat morphology. The sediment bioturbation rates 

&"%&)5$)<13'()T1')%7$#%9$)_D[q)%'()%)/%i-/3/)1<)`WD_q)(%.]`)17$#)1'$)*-'90$)UW]

"13#)+$#-1(X)5$#$)"-9"$#)&"%')&"$)+#$7-13*0.)#$+1#&$()*&-'9#%.)K-1&3#K%&-1')#%&$*)

$D9D:)UDWUq)-')*$7$')(%.*) -')@-'9%011)#$$<) -')M3*&#%0-%) T2#%'&)`Z\_:)="$#/%'),$)+-3

`Z\_:)AJ="$%),$)+-3) UV`UX)1#)`DWq)(%.]`)on intertidal sand flats of the North Island 

1<)@$5) B$%0%'( T!"#3*") ,$) +-3) `ZZ`XD) A3#) *$(-/$'&) (-*+0%,$/$'&) #%&$*) <%00) 5-&"-')

&"$) #%'9$)1<) +#$7-13*0.) #$+1#&$() *&3(-$*) T4.'']L.#-,P) %'() O0$**%) `ZZ^:)AJ="$%) ,$)

+-3)UV`UXD)c15$7$#:)+#$7-13*)#$*$%#,")$0%K1#%&$*)&"%&)K$'&"-,)#%.)K-1&3#K%&-1')"%*)

&"$)/1*&)#$0$7%',$)%&) &"$)/-,#1])%'()/$*1*,%0$) TAJ="$%),$)+-3)UV`UX)1#)*&3(-$()%&)

*/%00$#)&-(%0)%#$%*)TVD``)P/U)and only one intertidal flat; (Takeuchi and Tamaki 2014), 

we demonstrated that ray bioturbation plays a significant role on a landscape-scale 

&"#139"13&)&"$)#$9-1')T*&3(.)%#$%)1<)VDb]VD[b)P/U)per intertidal flat * five intertidal 

flats). This is comparable to the landscape scale at which flamingos and fiddler 

crabs create essential microhabitats in Mauritanian intertidal flats (El-Hacen ,$) +-3

2019). Bioturbation rates may vary across studies because of differences in local ray 

densities, species-specific bioturbating behavior and body size, or the visibility of the 

pit on the intertidal flat surface (Flowers ,$)+-3)UVU`XD

Benthic ray bioturbation rates are influenced by the ray densities (biotic) and pit 

longevity (abiotic). First, ray densities are affected by the season or year (Leurs ,$)+-3

UVU_KXD)4$3#*),$)+-3 (2023b) found that seasonal differences in species richness and 

*+$,-$*) ,1/+1*-&-1')1<) $0%*/1K#%',")%#$) ,%3*$()K.) ,"%'9$*) -') *&-'9#%.) T&"$)+$%#0)
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5"-+#%.)!"#$%$&'("#)*+&(+&%$,--+T abundances, and that species composition differed 

K$&5$$')'1']+#1&$,&$()%'()+#1&$,&$()%#$%*)5"$')*$%*1'%0-&.)-*)&%P$')-'&1)%,,13'&D);')

%((-&-1':)5$)<13'()\DW)&-/$*)"-9"$#)K-1&3#K%&-1')#%&$*)-')O$K#3%#.)UVU`),1/+%#$()&1)

@17$/K$#)UV`Z:)%'()T!"#3*"),$)+-3)̀ ZZ`X)1K*$#7$()%)+#$7%0$',$)1<)#%.*)(3#-'9)*3//$#)

(November to March in New Zealand). Likewise, industrial fishing activities show the 

"-9"$*&)/$%'),%&,"$*)1<)K$'&"-,)#%.*)-')M+#-0]a3'$)%01'9)&"$),1%*&)1<)23-'$%]G-**%3)

T4$3#*) ,$) +-3 2021). Second, ray densities can vary among intertidal flats within the 

#$9-1'D)O1#)$i%/+0$:)13#)*&3(.)*"15*)%)K-1&3#K%&-1')#%&$)#%'9-'9)<#1/)VDUq)&1)`WD_q)

per day. Third, ray spatial distribution can differ within the intertidal flat landscape 

K$,%3*$)1<)*+%&-%0)"$&$#19$'$-&.)*3,")%*)<11()%7%-0%K-0-&.)Tc-'$*),$)+-3)`ZZ[:)MH$/-%')

%'()Y15$#*)UV`UX:)+#$(%&1#)#-*P)T=&#1'9),$)+-3)̀ ZZV:)=&$+"$'*),$)+-3)UVV[X)%'()&"$)#-*P)1<)

$'&#%+/$'&)-')%#$%*)&"%&)5-00)<%00)(#.)5-&")&"$)#$,$(-'9)&-($*)TG#-'&1')%'()63##%')UV`[:)

4$3#*),$)+-3)UVU_%XD)A')&"$)1&"$#)"%'(:)5$)<13'()&"%&)$i+1*3#$)&1)".(#1(.'%/-,)<1#,$*)

of the intertidal flat played an important role in the longevity of the ray pits (abiotic) as 

%)#$*30&)1<)/1#$)$i+1*3#$)&1)".(#1(.'%/-,)<1#,$*)%'()0$**),1"$*-7$)*1-0)TF%'9),$)+-3

UV`ZXD)A3#)*&3(.)*"15$()&"%&)1'0.)`[DUq)1<)+-&)7103/$)5%*)0$<&)%<&$#)UW)")-')$i+1*$()

areas compared to 74.0% in an area sheltered by the intertidal flat. Thus, shorter 

01'9$7-&.)T"`)(%.X)1<)#%.)+-&*)-')"-9"0.)$i+1*$()%#$%*)/-9"&)9-7$)%')3'($#$*&-/%&-1')

1<) K$'&"-,) #%.) K-1&3#K%&-1'D) ;') *3//%#.:) &"$) -'&$#+0%.) 1<) K-1&-,) %'() %K-1&-,) <%,&1#*)

determines the measured intertidal flats’ bioturbation rates by benthic rays and, in 

%((-&-1')&1)K-1&3#K%&-1':)K$'&"-,)#%.*)<3#&"$#)-/+%,&)&"$)$'7-#1'/$'&)K.)<1#%9-'9)1')

/%,#1R11K$'&"1*)T4.'']L.#-,P)%'()O0$**%)`ZZ^:)AJ="$%),$)+-3)UV`_:)4-/),$)+-3)UV`ZXD)

We found that predator exclusion significantly changed the macrozoobenthic 

community, specifically higher Capitellidae abundances and malacostraca biomass. 

c15$7$#:)&"$*$)#$*30&*)*"130()K$)-'&$#+#$&$()5-&"),%3&-1')*-',$)5$)5$#$)'1&)%K0$)

&1) $i,03($) #%.*) 1'0.:) K3&) %0*1) $i,03($() *"1#$K-#(*D) Y#$7-13*) #$*$%#,") 1K*$#7$()

no impact and suggested ineffective ray exclusion (O’Shea 2012) or used a limited 

'3/K$#)T#rUX)1<)#$+0-,%&$*)%'()#$+1#&$()*,13#-'9)TN%'G0%#-,1/)`Z\UXD) ;')%((-&-1':)

T!"#3*"),$)+-3)`ZZWX)<13'()<$5$#)K-7%07$)#$,#3-&*)-')+#$(%&1#)T#%.)é)K-#(X)$i,01*3#$)K3&)

could not distinguish ray and bird effects due to seasonality. In the Bijagós, the most 

%K3'(%'&)/$*1]+#$(%&1#.)#%.:)!3)*+&(+&%$,--+:)*"15*)%)9$'$#%0-*&J*)(-$&)5-&")#$0%&-7$)

,1'&#-K3&-1'*)1<)_VqÅ_bq)K.),#3*&%,$%'*)%'()`[qÅUbq)K.)+10.,"%$&$*)T60$/$'&*)

,$)+-3)UVUUXD)!"$*$)(-$&%#.)+#$<$#$',$*)/%&,")&"$)1K*$#7$(),1//3'-&.),"%'9$*) -')

&"$)$i,01*3#$)$i+$#-/$'&D)A7$#%00:)%)#%.J*)&3#K30$'&)<1#%9-'9)*&#%&$9.)/%.)$*+$,-%00.)

affect long-lived, sedentary species (O’Shea 2012, Jacobsen and Bennett 2013, Freitas 

,$)+-3)UV`ZXD)M*)&"$)*&%'(-'9)/%,#1R11K$'&"-,)K-1/%**)-')&"$)G-H%9I*)M#,"-+$0%91)-*:)
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on average, low compared to other intertidal flat ecosystems (Lourenço ,$)+-3)UV`\:)

L$-H$#) ,$) +-3) UVU`X:) -&) -*) 0-P$0.) &"%&) &"$)1K*$#7$()"-9") #%.)+-&) %K3'(%',$*) T3+) &1) %)

/$%')1<)̀ D_Vq)+$#)&1&%0)*3#<%,$)%#$%X:),1/K-'$()5-&")015)/%,#1R11K$'&"-,)K-1/%**:)

-'(-,%&$)%)"-9")<1#%9-'9)+#$**3#$)K.)K$'&"-,)#%.*)%'()1&"$#)T/$*1]X)+#$(%&1#*)*3,")

%*)*"1#$K-#(*D)="1#$K-#(*)%#$)+#$(%&1#*)5-&")*/%00)&#1+"-,)'-,"$*)&"%&)<$$()5-&"13&)

bioturbating the mudflat (Catry ,$)+-3)UV`^:)413#$'|1),$)+-3)UV`[:)UV`\XD)="1#$K-#(*)

in the Bijagós Archipelago forage on fiddler crabs, polychaetes (R,&,%2:)A-'/,&+)%'()

K+&50'2+X)%'()&"$)K-7%07$)>"2%#%+) %2"/+&7%+) T413#$'|1),$)+-3)UV`[X)K3&),1'*3/$:) -')

9$'$#%0:)%)"-9")(-7$#*-&.)1<)+#$.)T61##$-%),$)+-3)UVU_XD)="1#$K-#(*)%#$)/%H1#)+0%.$#*)

-') -'&$#&-(%0) <11()5$K*) K$,%3*$) &"$.) 1,,3+.) %) ,$'&#%0) '-,"$) TL%&"1&) ,$) +-3) UV`\XD)

Recent findings suggest that (meso)predators such as sharks and rays (i.e., high-tide 

+#$(%&1#*)-')&"$)-'&$#&-(%0X)1,,3+.)%)*-/-0%#),$'&#%0)'-,"$)%*)*"1#$K-#(*)-')-'&$#&-(%0)

<11() 5$K*) %'() *"130() &"$#$<1#$) K$) ,1'*-($#$() -') -'&$#&-(%0) $,1019.) T4$3#*) ,$) +-3

2023a). High foraging pressure of rays may even cause a food conflict with shorebirds 

foraging on the same intertidal flats and competing for the same scarce prey species 

T413#$'|1),$)+-3 2017, 2018), and affect intertidal, subtidal and terrestrial food webs

&"#139")*"1#$K-#()/-9#%&-1')%01'9)&"$)8%*&)M&0%'&-,)O0.5%.D

!"$)-/+1#&%',$)1<)#%.)K-1&3#K%&-1')&1)&"$)$,1*.*&$/)($+$'(*)1')&"$)/%9'-&3($)1<)1&"$#)

$'7-#1'/$'&%0)%'()K-1&-,)<%,&1#*)&"%&),%')(-*&3#K)&"$)*$(-/$'&:)*3,")%*)&-(%0)5%7$*)%'()

,3##$'&*:)$i&#$/$)5$%&"$#)$7$'&*:)%'()&"$)-/+%,&)1<)1&"$#)K-1&3#K%&-'9)1#9%'-*/*D)c-9")

<1#,$*)1<)5%&$#)/17$/$'&),%')(-*+0%,$)0%#9$)7103/$*)1<)*$(-/$'&*)&"%&)/%.)17$##30$)

&"$)-/+%,&)1<)#%.)K-1&3#K%&-1'D)O1#)$i%/+0$:)T?JM'(#$%),$)+-3)UVVUX)($*,#-K$()&"%&)#%.)+-&*)

%#$)*"1#&]&$#/)($+1*-&-1'%0),$'&$#*)<1#)#$%,&-7$)1#9%'-,)/%&&$#)&"%&)%0&$#)&"$)*$(-/$'&)

*&#3,&3#$)<1#)`)Å)W)(%.*D)!"-*)*&3(.)-*)0-/-&$()K.)&"$)-'<1#/%&-1')5$),100$,&$()#$9%#(-'9)

sediment displacement rates of intertidal flats controlled by water movement. However, 

-&)-*)P'15')&"%&)&"$)G-H%9I*)M#,"-+$0%91)-*)%)#$0%&-7$0.)*&%K0$)-'&$#&-(%0)$,1*.*&$/)5-&")015)

changes in the intertidal flat area compared to other intertidal areas of the world (Murray 

,$)+-3)UV`Z:)UVUUXD);')%((-&-1':)F$*&)M<#-,%)"%*)#$0%&-7$0.)015),"%',$*)1<)$i&#$/$)5$%&"$#)

$7$'&*)*3,")%*),.,01'$*)K$,%3*$)/1*&)M&0%'&-,)&#1+-,%0),.,01'$*)%#$)($7$01+$()-')&"$)

F$*&)M<#-,%')#$9-1':)/17-'9)<#1/)$%*&)&1)5$*&)T210($'K$#9)%'()="%+-#1)`ZZ^:)c1+*,")

,$)+-3)UVV[XD)L1#$17$#:)5$)1K*$#7$()%)015)+#$*$',$)1<)K3##15*)<#1/)1&"$#)K-1&3#K%&-1')

*+$,-$*:)*3,")%*),%0-%'%**-()*"#-/+*)T6%0-%'%**-(%$X:)&"%&),%')17$#&3#')*$(-/$'&*)%& %')

$*&-/%&$()+$%P)#%&$)1<)VDW[)])VDb^)/]_)/]U).$%#]`)T=3,"%'$P)%'()610-')`Z\^:)L.#-,P)%'()

O0$**%)UV`[XD)M0&"139")&"-*)*&3(.)"%*)0-/-&%&-1'*:)13#)#$*30&*)*"15)&"%&)*"1#&]&$#/)#%.)

bioturbation effects on the sediment are maintained at a landscape scale and may co-

shape intertidal flat morphology and abiotic settings. 
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A3#) *&3(.) *"15$() &"%&) ,1/+0$i) K-19$1/1#+"-,) -'&$#%,&-1'*:) -') 5"-,") 1#9%'-*/*)

influence sedimentary processes, underpin intertidal flats ecosystem functioning. 

!"$) +#1&$,&-1') 1<) K-1&3#K%&-'9) *+$,-$*) *"130() K$) K$&&$#) -'&$9#%&$() -'&1) ,1%*&%0)

management plans for intertidal flat conservation, given that the natural physical 

(-*&3#K%',$) K.) #%.*) +0%.*) %') -/+1#&%'&) #10$) -') *$(-/$'&) &3#']17$#) #%&$*) %'()

*&#3,&3#-'9)1<)&"$)/%,#1R11K$'&"-,),1//3'-&.)1')0%'(*,%+$)*,%0$*D)=-',$)-'&$#&-(%0)

flats are highly connected ecosystems globally, the need for protection, both locally 

%'() -'&$#'%&-1'%00.:) 1')%)"-9"0.) -'&$#,1''$,&$()"%K-&%&) 0$7$0) -*) <3#&"$#) $/+"%*-R$(D)

For example, fishing activities in adjacent marine habitats affect the ray population in 

-'&$#&-(%0)$,1*.*&$/*)T?307.),$)+-3)UVU`:)4$3#*),$)+-3)UVU`XD)c$',$:)(-*#3+&-1')1<)-'&$#&-(%0)

flats’ high ecological value can affect other connected ecosystems and vice versa.

5.(91/&,.(
We conclude that benthic rays affect landscape-scale sediment processes and community 

structure through bioturbation and, thus, intertidal flat biogeomorphology. This study 

highlights that local ecological processes (ray bioturbation) play a significant role at 

&"$)0%'(*,%+$)*,%0$D)@$-&"$#)/%#-'$)'1#)&$##$*&#-%0)+#1&$,&$()%#$%*)%#$)($7$01+$()&1)

prioritize intertidal flat conservation, and intertidal flat conservation generally focuses 

1')&1&%0),17$#%9$)-'*&$%()1<)&%#9$&-'9)7%03%K0$)$,1*.*&$/)*$#7-,$*)1#)*+$,-$*)T?"%'H%0]

M(%/*),$)+-3)UV`^:)c-00),$)+-3)UVU`XD)!"$#$<1#$:),1%*&%0)/%'%9$/$'&)*&#%&$9-$*)&1)+#1&$,&)

intertidal ecosystems may benefit from an integral and connective approach linking 

the subtidal offshore (industrial) fishing activities to intertidal ecosystem functioning. 

Changes in species abundance as a result of offshore fishing activities that target 

"-9"0.)/1K-0$)*+$,-$*:)*3,")%*)K$'&"-,)#%.*)&"%&)/-9#%&$)-')K1&")*3K&-(%0)%'()-'&$#&-(%0)

waters, can affect sedimentary processes in the intertidal area. This has associated 

,1'*$n3$',$*)<1#)*+$,-$*),1/+1*-&-1':)<1#)$i%/+0$:)&"$)(1/-'%',$)1<)*+$,-$*)(3$)&1)

#$(3,$()+".*-,%0)(-*&3#K%',$D
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E1L-%20,7) +2;)c.($:) 6D) MD:)@1&%#K%#&101) (-) =,-%#%:)2D:) =1##$'&-'1:) 4D:) G1.(:) 6D:) O-'3,,-:) GD:)

O150$#:)=D)4D:)Q.'$:)YD)LD:)=&J'5R(H3:)=-/+<$'(1#<$#:)6D)MD:)!$&0$.:)LD)aD:)F1/$#*0$.:)OD:)a%K%(1:)

CD)FD)TUVUUXD)Y3&&-'9)*"%#P*)1')&"$)/%+S)M)901K%0)*&%'(%#()<1#)-/+#17-'9)*"%#P)%#$%]K%*$()

,1'*$#7%&-1'D)!&"#$%,&2)%#)K+&%#,)</%,#/,:)_D)!1#7%#(;)<+B,)Q1&)<,+2)!"1#7+$%"#

M#$%]K%*$() ,1'*$#7%&-1') -*) $**$'&-%0) &1) *%<$93%#() ($,0-'-'9) K-1(-7$#*-&.D)

=$7$#%0) %++#1%,"$*) "%7$) K$$')($7$01+$() <1#) -($'&-<.-'9) '$&51#P*) 1<) 901K%00.)

-/+1#&%'&)%#$%*)K%*$()1')&"$)($0-'$%&-1')1<)*-&$*)1#)*$%*,%+$*)1<) -/+1#&%',$)

<1#)7%#-13*)$0$/$'&*)1<)K-1(-7$#*-&.)T$D9D:)K-#(*:)/%#-'$)/%//%0*XD)="%#P*:)#%.*:)

%'(),"-/$#%*)%#$)<%,-'9)%)K-1(-7$#*-&.),#-*-*:)5-&")%')$*&-/%&$()_[q)1<)*+$,-$*)

threatened with extinction driven by overfishing. Yet spatial planning tools often 

<%-0)&1),1'*-($#)&"$)"%K-&%&)'$$(*),#-&-,%0)<1#)&"$-#)*3#7-7%0D)!"$);/+1#&%'&)="%#P)

%'()C%.)M#$%)T;=CMX)%++#1%,")-*)+#1+1*$()%*)%)#$*+1'*$)&1)&"$)(-#$)901K%0)*&%&3*)

of sharks, rays, and chimaeras. A set of four globally standardized scientific 

,#-&$#-%:)5-&")*$7$')*3K],#-&$#-%:)5%*)($7$01+$()K%*$()1')-'+3&),100%&$()(3#-'9)

<13#)*"%#P:)K-1(-7$#*-&.:)%'()+10-,.)$i+$#&)51#P*"1+*),1'(3,&$()-')UVUU)TFigure 
4)XD)!"$);=CM)6#-&$#-%)+#17-($)%)<#%/$51#P)&1)-($'&-<.)(-*,#$&$:)&"#$$](-/$'*-1'%0)
+1#&-1'*)1<)"%K-&%&)-/+1#&%'&)<1#)1'$)1#)/1#$)*"%#P:)#%.:)1#),"-/%$#%)*+$,-$*:)

&"%&) "%7$) &"$) +1&$'&-%0) &1) K$) ($0-'$%&$() %'()/%'%9$() <1#) ,1'*$#7%&-1'D) !"$)

;=CM)6#-&$#-%) ,%')K$) %++0-$() &1) %00) $'7-#1'/$'&*)5"$#$) *"%#P*)1,,3#) T/%#-'$:)

$*&3%#-'$:)%'()<#$*"5%&$#X)%'(),1'*-($#)&"$)(-7$#*-&.)1<)*+$,-$*:)&"$-#),1/+0$i)

behaviors and ecology, and biological needs. The identification of ISRAs will guide 

&"$)($7$01+/$'&:)($*-9':)%'()%++0-,%&-1')1<)%#$%]K%*$(),1'*$#7%&-1')-'-&-%&-7$*)

<1#)*"%#P*:)#%.*:)%'(),"-/%$#%*:)%'(),1'&#-K3&$)&1)&"$-#)#$,17$#.D
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Chapter 10

Abstract
Studies on elasmobranch trade have often focused on a single commodity: shark fins. 

Such a narrow focus can result in an incomplete understanding of the socio-cultural 

importance of sharks, limiting discussion on the range and efficacy of potential 

management interventions. Assessments must be performed across the value chain 

from fisher to retail vendor to better conserve vulnerable elasmobranch species, 

offering a broader view of capture, use, and trade. Here, we collate insights from 

shark value chain assessments conducted in eight countries (Mexico, Peru, Guinea-

Bissau, India, Bangladesh, Sri Lanka, Indonesia and Fiji) spanning five continents. 

Approaches and processes implemented in a shark value chain analysis (VCA) were 

reviewed to understand: (1) better approaches and tools and (2) to collate shared 

experiences. Our results demonstrate that VCAs broaden the outlook of fishery 

and trade assessments when capturing a more comprehensive range of economic 

and socio-cultural aspects (e.g., livelihoods, cultural use of commodities) of trade 

in all shark commodities. Time invested in various components of assessments 

produced different outcomes, with considerable returns from stakeholder selection, 

survey design, and assessor/stakeholder relationship building. Contrastingly, 

results demonstrated that efforts in communication with stakeholder groups and 

policymakers could be further streamlined to focus on key results using a variety of 

communication formats. Outcomes from this study offer guidance to those embarking 

on shark VCAs, facilitating improving the assessment process and outcomes.
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L%'.) *"%#P*)%'() #%.*) T"$#$%<&$#) #$<$##$() &1)%*) E*"%#P*JX) &%#9$&$()1#) -'%(7$#&$'&0.)

captured in fisheries have slow life history traits, such as late maturity and low 

<$,3'(-&.:) &"%&) /%P$) &"$/) 730'$#%K0$) &1) 17$#$i+01-&%&-1') %'() &"$-#) +1+30%&-1'*)

*015)&1)#$,17$#)T6%*&-001]2h'-R),$)+-3)`ZZ\m)?307.),$)+-3)UVU`XD)?3$)&1)*&#$**1#*)*3,")%*)

overfishing and habitat degradation, approximately one-third of all Chondrichthyan 

*+$,-$*) T-D$D:) *"%#P*:) #%.*) %'() ,"-/$#%*X) %#$) ,3##$'&0.) &"#$%&$'$() 5-&") $i&-',&-1')

T?307.),$)+-3)UVU`XD)F-&")/%'.)*"%#P*),%39"&)%*)K.,%&,":)&"$-#)13&011P)-*)3',$#&%-')(3$)

to challenges preventing their effective conservation (Juan-Jordá ,$)+-3)UVUUm)="$#/%')

,$)+-3)UVU_XD)C$,19'-&-1')1<)&"$)-/+1#&%'&)$,1019-,%0)T$D9D:)c$3+$0),$)+-3)UV`W:)G-#(),$)

+-3)UV`\X)%'()*1,-1],30&3#%0)*.*&$/)#10$*)T$D9D:)4$$'$.)%'()Y1',$0$&:)UV`bX)1<)*"%#P*)

"%*) 0$() &1) %) *&#$'9&"$'-'9) -') &"$-#)/%'%9$/$'&) %'() ,1'*$#7%&-1'D)L%'%9$/$'&)

/$%*3#$*) %#$) $-&"$#) -/+0$/$'&$() %&) %') -'&$#'%&-1'%0:) '%&-1'%0) 1#) #$9-1'%0) 0$7$0)

T!$,"$#%) %'() Q0$-':) UV``m) OMA:) `ZZZXD) c15$7$#:) &"$) ,#1**]K1#($#) /17$/$'&*) 1<)

sharks (Veríssimo) ,$)+-3)UV`[m)@1*%0),$)+-3)2021), and their fisheries and trade, can 

complicate management approaches, emphasizing the need for fishery and trade 

,1'&#10*)17$#)7%#-13*)*+%&-%0)*,%0$*)%'()%,#1**)H3#-*(-,&-1'%0)K13'(%#-$*)TO#-$(/%'),$)

+-3 2018). Issues concerning the (mis)identification and mislabeling of shark species 

further complicate the management of trade and fisheries of these species (Hasan 

,$)+-3)UVU_XD

L30&-]0%&$#%0) $'7-#1'/$'&%0) %9#$$/$'&*) 0-P$) &"$) 61'7$'&-1') 1') ;'&$#'%&-1'%0)

!#%($) -') 8'(%'9$#$() =+$,-$*) 1<)F-0() O%3'%) %'() O01#%:) %0*1) P'15') %*) 6;!8=:) ,%')

,1'&#-K3&$)&1)*"%#P),1'*$#7%&-1')T"&&+*Sjj,-&$*D1#9j$'9XD)=+$,-$*)0-*&$()1')M++$'(-i)

;;) 1<) &"$) ,1'7$'&-1') ,1/$) 3'($#) +#17-*-1'*) K.) %) ,13'&#.) &1) $'*3#$) K1&") 0$9%0-&.)

and sustainability of trade in that species and its commodities. Global efforts to 

strengthen governance have focused on shark fin due to its importance in driving 

exploitation and trade, stemming from its high value (Shiffman and Hueter, 2017). 

O1,3*-'9)$i,03*-7$0.)1')&"-*)+$#*+$,&-7$)1<)*"%#P)3*$)<%-0*)&1)-',1#+1#%&$)%'()/%'%9$)

1&"$#)(#-7$#*)1<)3*$)%'() &#%($:)*3,")%*) &"$) -/+1#&%',$)1<)1&"$#),1//1(-&-$*) 0-P$)

*"%#P)/$%&D)=1/$)-'<1#/%&-1')1')1&"$#),1//1(-&-$*)*3,")%*)/$%&)TG1#'%&15*P-),$)

+-3)UV`\:)Q%#'%(),$)+-3)UVUV:)FFO:)UVU`X:)0-7$#j*n3%0$'$)Tc%*%'),$)+-3)UV`[X:)%'()*P-')

T?$'&)%'()60%#P$:)UV`bX)$i-*&:)K3&)K%,P9#13'()%'()&-/$]*$#-$*)-'<1#/%&-1')#$/%-'*)

0-/-&$(D) M((-&-1'%00.:) &"$) ,"%00$'9-'9) &%*P) 1<) -($'&-<.-'9) *"%#P) ,1//1(-&-$*) 1&"$#)

than fins in trade complicates efforts to improve sustainability (Hasan ,$)+-3)UVU_XD)

For example, shark fins are an easily recognizable commodity, although identifying 

fins at the species level remains an ongoing challenge. Other shark commodities 
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0-P$)/$%&)%#$)1<&$')($*&-'$()<1#) 01,%0)1#)#$9-1'%0)/%#P$&*) T?$'&)%'()60%#P$:)UV`bX)

and are less easily discernable across shark species and from other fish. To address 

&"$*$)-**3$*:)*"%#P*)1<)&"$)6%#,"%#"-'-(%$)<%/-0.)5$#$)%00)0-*&$()3'($#)6;!8=)&1)$%*$)

-/+0$/$'&%&-1')T6;!8=:)UVUUXD

A',$) %) *+$,-$*) -*) 6;!8=) 0-*&$(:) +%#&-$*) %#$) K13'() &1) ($0-7$#) 1') &"$) ,1'7$'&-1'J*)

+#17-*-1'*:).$&)/%'.) <%,$),"%00$'9$*) -') -/+0$/$'&-'9),1'*$#7%&-1')*&#%&$9-$*)(3$)

&1)&"$)0-/-&$()%7%-0%K-0-&.)1<)#$*13#,$*)%'(),%+%,-&.)TY%#P$#),$)+-3)UV`U:)M($'0$),$)+-3

UV`bXD);')#$*+1'*$:)*1/$)%3&"1#-&-$*)"%7$)-'*&-&3&$()#$&$'&-1')1#)&#%($)K%'*)($*+-&$)

*3,") K%'*) K$-'9) %**1,-%&$() 5-&") +1&$'&-%0) -',#$%*$*) -') '1'],1/+0-%',$) %,#1**)

$i-*&-'9)/%#P$&*)TO#-$(/%'),$)+-3)UV`\XD

Traditionally, investment in fisheries management predominantly focuses on 

3'($#*&%'(-'9) &"$) +1+30%&-1') *&%&3*) 1<) %) *+$,-$*) &1) 93-($) 0$7$0*) 1<) $i+01-&%&-1')

T$D9D:)5-&")/1'-&1#-'9)1<),%&,"$*)%'()*&1,P)%**$**/$'&*)&1)($&$#/-'$)%)/$%*3#$)1<)

/%i-/3/)*3*&%-'%K0$).-$0(:)*$$)L$&"1&)%'()F$&R$0:)UV`_m)c-0K1#':)UVUVXD)M0&"139")

*&1,P) %**$**/$'&*) +#17-($) -'(-,%&1#*) %'() /$%*3#$*) 1<) &"$) *&%&3*) 1<) #$*13#,$)

+1+30%&-1'*) TQ0$-K$#),$)+-3)UVVZ:)Y3'&),$)+-3)`ZZ\X:) &#%'*0%&-'9) &"-*) -'<1#/%&-1') -'&1)

practical and effective management solutions consistent with the importance of sharks 

<1#)+$1+0$)%'()&"$)$'7-#1'/$'&)#$/%-'*)%')1'91-'9),"%00$'9$)T6%*&$00%'1*]2%0-'(1)

,$)+-3)UVU`XD) ;')%((-&-1':)*"%#P)($,0-'$*)%#$)1<&$')#$0%&$() &1) &#%($) -')*"%#P]($#-7$()

,1//1(-&-$*) TY%,13#$%3),$)+-3) UVU`X:)"-9"0-9"&-'9) &"$)'$$() &1)%((#$**)P'150$(9$)

9%+*)*3##13'(-'9)&"$)$'&-#$)7%03$),"%-') TN6X)1<)3*$)%'()&#%($) -')*"%#P*D)C$,$'&0.:)

*&3(-$*)"%7$)*399$*&$()/1#$)"10-*&-,)%++#1%,"$*)&1)3'($#*&%'(-'9)&"$)$'&-#$)7%03$)

chain of shark fisheries, aiming to disincentivize the unsustainable use of sharks 

T$D9D:)G11&"),$)+-3)UV`Zm)c%n3$),$)+-3)UVU`XD)!"$*$)%++#1%,"$*)"%7$)K$$')+#1+1*$()&1)

($*-9')%'()($0-7$#)%),1/K-'%&-1')1<)01,%00.)%++#1+#-%&$)/%'%9$/$'&)%,&-1'*)#11&$()

-')*3*&%-'%K-0-&.)%'()-',03*-7$'$**)T$D9D:)&"$)-',03*-1')1<)01,%0),1//3'-&.)/$/K$#*)

%'()&"$-#)'$$(*)-')&"$)+#1,$**X:)

Gaining insights into the primary considerations underlying how sharks are fished, 

used, and sold offers broader opportunities for leverage points involved in adaptive 

/%'%9$/$'&) T2%#,-%) ,$) +-3) UVV_:) =&%+0$*) %'() O3'9$]=/-&":) UVVZXD) !"$*$) &.+$*) 1<)

-'*-9"&*)%#$)*139"&)&"#139")7%03$),"%-')%'%0.*-*)TN6MX)%++#1%,"$*)T$D9D:)*$$)c$00-')%'()

L$-H$#:)UVV^XD);')%)N6M:)#$*$%#,"$#*)%-/)&1)/%+)&"$)*1,-1]$,1'1/-,)%'()$,1019-,%0)

aspects of the full range of activities in a fishery, from the moment of commodity 

acquisition to disposal after use by the final consumer. This information identifies 

1++1#&3'-&-$*)<1#)-/+#17$()1#)'$5)+10-,-$*)<1#)&"$)%(%+&-7$)/%'%9$/$'&)1<)*"%#P*D)
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!"$) *1,-%0) -/+1#&%',$) 1<) *"%#P*) '$$(*) &1) K$) ,1'*-($#$() 5"$') ($*-9'-'9) +10-,.)

,"%'9$*:)%*)%)0%#9$)7%#-$&.)1<)*&%P$"10($#*)($+$'()1')*"%#P*)(3$)&1)&"$)K#$%(&")1<)

*"%#P]($#-7$(),1//1(-&-$*)&#%($()%'()&"$)&13#-*/)*$,&1#)#$0.-'9)1')*"%#P*D)

;')&"-*)*&3(.:)5$)%-/)&1)-($'&-<.),#3,-%0)*&$+*)-'),1'(3,&-'9)*"%#P)N6M*)%'()+#17-($)

-/+1#&%'&)0$**1'*)0$%#'$()K.)#$*$%#,"$#*)$i+$#-$',$()-'),1'(3,&-'9)*"%#P)N6M*D)!1)

%**-*&)&"1*$)($*-9'-'9)%'(),1'(3,&-'9)*"%#P)N6M*:)%**$**/$'&)+#19#%/*),3##$'&0.)

active across five continents were reviewed to: 

T`X)(1,3/$'&)K$&&$#)%++#1%,"$*)%'()&110*:)%'()

TUX),100%&$)*"%#$()$i+$#-$',$*)%'(),3##$'&)3'($#*&%'(-'9D)

!"$) #$*30&*) 1<) &"-*) *&3(.) "-9"0-9"&) "15) *1,-1],30&3#%0) %'() $,1'1/-,) %*+$,&*) 1<)

shark fishery and trade management are included in shark VCAs. Importantly, 

#$,1//$'(%&-1'*) %#$) +#17-($() <1#) #$*$%#,"$#*) ,1'*-($#-'9) &"$) %(($() 7%03$:)

-',03(-'9)5"-,")%++#1%,")&1)&%P$) -')#3''-'9)%**$**/$'&*)&1)*3++1#&) &"$)%(%+&-7$)

/%'%9$/$'&)1<)*"%#P)7%03$),"%-'*D

G24".)&
Development of Guidance for Shark VCAs 
To assist in VCAs focused specifically on sharks, the Food and Agriculture Organization 

1<) &"$)>'-&$()@%&-1'*) TOMAX) -*) ($7$01+-'9) 9$'$#-,) *"%#P) %'() #%.) N6M)93-(%',$) -')

close cooperation with managers and researchers. The guidance is aimed at fishery 

managers to support their efforts to assess the current state, management and 

*3*&%-'%K-0-&.)1<)*"%#P)7%03$),"%-'*D)!1)(%&$:)&"$)($7$01+/$'&)1<)&"$)93-(%',$)"%*)

K$$') -'<1#/$()K.)1'91-'9)51#P)1<) &"$)OMA)3'($#)&"$)="%#P) ;'&$#'%&-1'%0)Y0%')1<)

M,&-1')T;YAMX)3/K#$00%)TOMA:)̀ ZZZX)%'()$i+$#&)/$$&-'9*)T;6MC:)UV`ZX)&1)%**-*&),13'&#.)

planning and implementation of shark VCAs. FAO’s draft guidance describes five 

$**$'&-%0)E*&$+*J)1<)&"$)N6M)+#1,$**:)$%,")($*,#-K-'9)#$*+$,&-7$)E&%*P*J)&1)3'($#&%P$)-')

($0-7$#-'9)%)*"%#P)N6M)T!%K0$)`VD`XD)
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2"*"'-+..&-*$+%
C$*$%#,"$#) &$%/*) <#1/)$-9"&) ,13'&#-$*) -'7107$() -') *"%#P)N6M*)5$#$) #$n3$*&$() &1)

+%#&-,-+%&$) -') &"-*)*&3(.) &1)*"%#$)$i+$#-$',$*)%'()#$,1//$'(%&-1'*D)C$*$%#,"$#*)

5$#$)*$0$,&$()K%*$()1')&"$)51#P*"1+)K.)&"$)OMA)%'()&"$)6$'&#%0)L%#-'$)O-*"$#-$*)

C$*$%#,") ;'*&-&3&$) 1<) ;'(-%) T6LOC;m) Q1,"-:) ;'(-%) UV`ZX) 1#) K%*$() 1') %3&"1#*"-+) 1<)

%,%($/-,)+3K0-,%&-1'*)1')*"%#P)7%03$),"%-'*D

4$%()#$*$%#,"$#*)1<)+%#&-,-+%&-'9)&$%/*)5$#$)%*P$()&1),100%K1#%&$)-')&"$)*&3(.)K.S)

T`X),1/+0$&-'9)%)*$/-]*&#3,&3#$()-'&$#7-$5)&1)($*,#-K$)&"$-#)*"%#P)N6M)+#1,$**)%'()

$i+$#-$',$*m)

TUX)*"%#-'9)&"$-#)*"%#P)N6M)*3#7$.*)%'()13&+3&*)T$D9D:)*3#7$.)n3$*&-1''%-#$*:)#$+1#&*:)

(#%<&)/%'3*,#-+&*X)<1#)#$7-$5m)%'()

(3) taking part in a structured questionnaire to quantify the effort invested in relation 

to outputs and outcomes achieved in different VCA activities and tools. 

Table 10.1 A7$#7-$5)1<) &"$)*&$+*)%'() &%*P*) <1#)*"%#P)7%03$),"%-')%**$**/$'&*)%*)($*,#-K$()
-')&"$)T(#%<&X)93-(%',$)K.)&"$)O11()%'()M9#-,30&3#$)A#9%'-R%&-1')1<)&"$)>'-&$()@%&-1'*)TOMAXD)
?-*,3**$()(3#-'9)%')$i+$#&)51#P*"1+)-')Q1,"-)T;'(-%X)-')UV`Z)T;6MC:)UV`ZXD

.%&$ O#5S
`D)8*&%K0-*"/$'&)1<)%)L1'-&1#-'9:)
87%03%&-1')%'()C$+1#&-'9)Y#1,$**D

`D`D);($'&-<.-'9)%'()(1,3/$'&-'9)7%03$T*X)%'()
1KH$,&-7$T*X)1<)&"$)%**$**/$'&D
`DUD)=$%#,"-'9)13&)%7%-0%K0$)-'<1#/%&-1'D

`D_D)61'*-($#-'9)P$.)*&%P$"10($#*)%'()P$.)*&%P$"10($#)
9#13+*D
`DWD)Y#$0-/-'%#.)7%03$),"%-')/%++-'9)%'()*$0$,&-1'D

UD)?$*-9'-'9)%)=3#7$.D UD`D)?$&$#/-'$)5"%&)5-00)K$)/$%*3#$(D

UDUD)?$,-($)1')&"$)<1#/)1<)&"$)*3#7$.D

_D)?$+01.-'9)%)=3#7$. _D`D)419-*&-,%0)+0%''-'9)1<)*3#7$.)($+01./$'&D

_DUD)=3#7$.)($+01./$'&D

WD)L%'%9$/$'&)%'()>*$)1<)?%&% WD`D)O1#/%&&-'9)%'(),1'*10-(%&-'9)(%&%D

WDUD)?%&%)+#1,$**-'9)%'()%'%0.*-*D

bD)61//3'-,%&-1')%'()M(%+&-7$)
L%'%9$/$'&

bD`D);($'&-<.-'9)%')%(%+&-7$)/%'%9$/$'&)<#%/$51#PD

bDUD)L1'-&1#-'9)-/+0$/$'&%&-1')%'()#$*+1'*$)1<)
%(%+&-7$)/%'%9$/$'&D

!"$)51#P)1<)%00)+%#&-,-+%&-'9)&$%/*),17$#$()%)&1&%0)1<)ZW)+1#&*)%'()&#%($)*-&$*)%,#1**)

L$i-,1:)Y$#3:)23-'$%]G-**%3:);'(-%:)=#-)4%'P%:)G%'90%($*":);'(1'$*-%:)%'()O-H-)TO-93#$)
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!"

`VD`XD)!19$&"$#:)&"$*$),13'&#-$*)%#$)#$*+1'*-K0$)<1#)__D`q)TUV`V]UVU`X)1<)+#1(3,&-1')

%'()ZD\q)-')$i+1#&*)TUV`Z]UVU`X)1<)$0%*/1K#%',"),1//1(-&-$*D)c15$7$#:)+#1(3,&-1')

varies significantly amongst countries. For example, Guinea-Bissau is only responsible 

<1#)VDVV`q:)%'();'(1'$*-%)"%*)%)̀ bD^q)*"%#$)-')901K%0)#$+1#&$()+#1(3,&-1')TOMA:)UVU_XD

!2U,A&4$/94/$2)',(42$Z,2T&

=$/-]*&#3,&3#$() -'&$#7-$5*:) ,1/+#-*-'9) `W) 1+$']$'($() n3$*&-1'*) TM++$'(-i) `VD`X:)

5$#$) ,1'(3,&$() &1) 3'($#*&%'() %++#1%,"$*) %'() &110*) 3*$() -') *"%#P) N6M*) %'() &1)

-($'&-<.)0$**1'*)0$%#'$()(3#-'9)&"$-#)%'%0.*-*D)Y%#&-,-+%'&*)5$#$)%*P$()&1)($*,#-K$)&"$-#)

N6M)+#1,$**) <#1/)+0%''-'9)%'()($0-7$#.) &1)13&+3&*:)13&,1/$*)%'() ,1//3'-,%&-1')

T-D$D:) <10015-'9) &"$) 93-(%',$) *&$+*) %'() &%*P*) ($*,#-K$() -') !%K0$) `VD`XD) Y%#&-,-+%&-'9)

#$*$%#,"$#*) 5$#$) %0*1) %*P$() %K13&) &"$-#) /%-') 1KH$,&-7$*) -') ,1'(3,&-'9) %) N6M) &1)

($&$#/-'$)-<)&"$)+#-/%#.)1KH$,&-7$)1<)&"$)N6M)5%*S)-X)-/+#17-'9)&"$)+1+30%&-1')*&%&3*)

of sharks (referred to as ‘Resource’), ii) improving the livelihoods of fishery participants 

(referred to as ‘Fisher’), or iii) measuring the impact(s) and effectiveness of management 

interventions by the relevant fisheries authority (referred to as ‘Management’). In 

%((-&-1':) <1#)$%,")*&$+)1<)&"$-#)*"%#P)N6M:)#$*$%#,"$#*)5$#$)%*P$()&1)#$+1#&)1')&"$)

‘better’ and ‘poor’ practices they had identified during the implementation of the shark 

VCA. These recommendations are defined as what was effective in terms of effort 

%001,%&-1')%'()9$'$#%&$()13&,1/$*)<1#)%(%+&-7$)/%'%9$/$'&)TEK$&&$#)+#%,&-,$*JX)%'()

examples of what was less effective or required adaptation during the process (‘poor 

+#%,&-,$*JXD)M00)#$,1//$'(%&-1'*)5$#$)-',03($()-')&"-*)*&3(.)K3&)5$#$),1'($'*$()%'()

/$#9$()5"$')/30&-+0$)#$*$%#,"$#*)#$<$##$()&1)*-/-0%#)$i+$#-$',$*D

Figure 10.1) !"$) 901K%0) (-*&#-K3&-1') 1<) 0%'(-'9) *-&$*) %'() +1#&*) 5"$#$) *"%#P) 7%03$) ,"%-')
%**$**/$'&*)-',03($()-')&"-*)*&3(.)5$#$),1'(3,&$(D)C$()+1-'&*)-'(-,%&$)*-'90$)+1#&*)1#)0%'(-'9)
*-&$*)5"$#$)*%/+0-'9)5%*),1'(3,&$(:)%'(),13'&#-$*)1<)*%/+0-'9)*&3(-$*)%#$),101#$()-')K03$)TO-H-:)
L$i-,1:)Y$#3:)23-'$%]G-**%3:);'(-%:)=#-)4%'P%:)G%'90%($*")%'();'(1'$*-%XD
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C$*$%#,"$#*)5$#$)%*P$()&1)*"%#$)n3$*&-1''%-#$*)3*$()-')&"$-#)#$*+$,&-7$)*"%#P)N6M:)
%'()%'.)T(#%<&X)13&+3&*)%'()13&,1/$*)#$*30&-'9)<#1/)&"$-#)%**$**/$'&)T$D9D:)#$+1#&*:)
/%'3*,#-+&*X)5$#$)%0*1)*"%#$(D)O1#)$%,")*&3(.:)&"$)N6M)n3$*&-1''%-#$*)5$#$)#$7-$5$()
&1)($&$#/-'$)%'()n3%'&-<.)&"$)0-'$*)1<) -'n3-#.)5-&")#$9%#()&1)<3#&"$#)3'($#*&%'(-'9)
the research focus along the three objectives stated earlier (resource, fisher or 
management focus) and the scale and breadth of the assessment (fisher, mid-chain, 
end-seller, exporter, consumer). Any reports (including manuscripts and final draft 
#$+1#&*X) ($*,#-K-'9) &"$) 13&,1/$*) 1<) N6M*) 5$#$) %0*1) #$7-$5$() &1) *3++0$/$'&) &"$)
<1#/$#0.)($*,#-K$()-'n3-#.D

Table 10.2)!"$)($*,#-+&-1')1<)&1+-,*)-',03($()-')&"$)7%03$),"%-')%**$**/$'&*D

O+$0/ 9&5/'0$%0+1

←=
1,
-%
0]8
,1
01
9-
,%
0)=
.*
&$
/
)6
1'
&-'
33
/
→

?-7$#*-&.)1<)*+$,-$*)-/+%,&$( Species specific information before processing.
Ç3%'&-&.)1<)$i&#%,&-1' !"$)'3/K$#)1<)P-019#%/*)1#)0-&$#*)1<)%),$#&%-'),1//1(-&.D
O-*"-'9)01,%&-1'*j"%K-&%&*)
-/+%,&$(

Description of fishing areas and marine habitats impacted 
by fisheries.

61/+0-%',$)%'()
8'7-#1'/$'&%0)0%5

Q'150$(9$:),1/+0-%',$:)%'()($*,#-+&-1')1<)$'7-#1'/$'&%0)
0%5*)%'()#$930%&-1'*D

O-*"$#)($/19#%+"-,* Y$#*1'%0)%'()($/19#%+"-,)-'<1#/%&-1')T$D9D:)%9$:)
#$*-($',$:)<%/-0.)-')&"$)K3*-'$**XD

O-*"$#)$i+$#-$',$)T&$/+1#%0X Ç3$*&-1'*)($*,#-K-'9)&"$)$i+$#-$',$)1<)&"$)-'&$#7-$5$$)
(e.g., years in fisheries/trading, job specification).

Fishing effort
Information describing (a change in) fishing effort (e.g., 
soak times, fishing days) exerted on marine species within 
&"$)#$*+$,&-7$)*&3(.)%#$%D

!#%(-&-1'%0j630&3#%0)0-'P* Traditional and cultural use of shark commodities or fisheries.
4-7$0-"11(* Income, costs, and importance of fisheries to the livelihood.

2$%#)%'()K1%&* The description of used gear and boats (e.g., specifics on 
K1%&*:)/$*")*-R$:),#$5)*-R$XD

Y#$*$#7%&-1')%'()5%*&$
Y#1,$**-'9 Y#1,$**-'9)1<)*"%#P*)%'()#%.*D
61//1(-&.)+#-,-'9 Y#-,$*)1<)*"%#P*)%'()#%.*)1#)#$0%&$(),1//1(-&-$*D

!#%($)019-*&-,* !"$)#13&$)%01'9)5"-,"),1//1(-&-$*)%'()&#%($()1#)
&#%'*+1#&$(D

="%#P) N6M) n3$*&-1''%-#$*) 5$#$) %'%0.R$() K.) ,0%**-<.-'9) $%,") n3$*&-1') -'&1) &1+-,*)
%01'9) &"$) *1,-%0]$,1019-,%0) ,1'&-'33/) T$D9D:) 0-7$0-"11(*:) &#%(-&-1'*:) ($/19#%+"-,*:)
"%K-&%&*)-/+%,&$(:),1//1(-&.)+#1,$**-'9)%'()+#-,$*X)T!%K0$)`VDUXD)!"$)+#1+1#&-1')1<)
each of these topics was calculated (i.e., the number of questions on a specific topic 
%*)&"$)+#1+1#&-1')1<)&"$)&1&%0)'3/K$#)1<)n3$*&-1'*)1<)&"$)*3#7$.)3*$(X:)5"-,")5%*)
3*$()%*)%)+#1i.)<1#)&"$)0-'$)1<)n3$*&-1'-'9)3*$()<1#)$%,")*"%#P)N6M),1',$#'-'9)&"$)
main objective of the assessment (e.g., ‘resource’, ‘fisher’ or ‘management’ focus) or 
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target-link of the value chain (e.g., fisher, mid-chain, seller). The differences in survey 
design were tested for significance using a Chi-squared test.

!4$/94/$2)'&/$Z2+

G%*$() 1') &"$) *$/-]*&#3,&3#$() -'&$#7-$5*) %'() #$7-$5) 1<) N6M) 13&+3&*:) +%#&-,-+%'&*)
were asked to contribute through a structured survey comprising six closed and five 
1+$']$'($()n3$*&-1'*D C$*$%#,"$#*)5$#$)%*P$()&1)#%'P)&"$)*&$+*)%'()&%*P*)1<)&"$-#)
shark VCA in terms of effort allocation (i.e., time and resources) and delivery in terms 
1<) -'*-9"&*) 9%-'$() 1#) 13&,1/$*) 9$'$#%&$() T+#1&1,10) +#17-($() -') *3++0$/$'&%#.)
/%&$#-%0XD) ;') %((-&-1':) &"$) *3#7$.) %0*1) -',03($() n3$*&-1'*) 1') "15) *"%#P) N6M*)
compared to or complemented traditional fishery assessments that were more 
<1,3*$()1')&"$)*&%&3*)1<)*"%#P)*&1,P*D

)!1)%0015)+%#&-,-+%'&*)&1),1'*-($#)&"$)-'+3&*)1<)1&"$#*)-')&"$)*&3(.)K$<1#$)*$&&0-'9)1')
their final responses, participant researchers were able to anonymously review all 
1&"$#) #$*+1'*$*)%<&$#),1/+0$&-1')1<) &"$)*3#7$.)%'()%(%+&) &"$-#) #$*+1'*$*)K$<1#$)
final submission (as per the Delphi method, see Hemming ,$)+-3)UV`\XD

C$*$%#,"$#*)5$#$)%*P$()&1)#%'P)&"$)*&$+*)%'()&%*P*)1<)&"$)*"%#P)N6M)+#1,$**)T*$$)!%K0$)
10.1) on an ordinal scale. For the steps, this was on a scale from 1 (most effort and/or 
most valuable outcomes) to 5 (least effort and/or least valuable outputs), and for the 
ranking of tasks within each step, this was on a scale from 1 (most effort and/or most 
valuable outputs) to 12 (least effort and/or least valuable outputs). Scoring of invested 
effort and generated outcomes of the structured survey were used to calculate rank 
indices for each step and task. A ranking index (RI) was calculated by taking the effort 
#%'P-'9) TCeffortX)/-'3*)&"$)13&+3&)#%'P-'9) TC13&,1/$X:)(-7-($()K.)&"$)'3/K$#)1<)%7%-0%K0$)
#%'P-'9)+1*-&-1'*)TC/%im C/%i)r)b)<1#)*&$+*)%'()`U)<1#)&%*P*XD)O1#)&"$)(#%<&)OMA)93-(%',$)
‘steps’ (n = 5), the RI ranges from -0.80 to 0.80, with -0.8 indicating the minimum efficiency 
(i.e., high effort and low generated outcome), 0.0 indicating a relatively balanced efficiency 
(i.e., no difference between invested effort and generated outcomes), and 0.8 indicated 
the maximum efficiency (i.e., a low invested effort led to high generated outcomes). For 
in-step tasks (draft FAO guidance ‘tasks’, n = 12), the RI ranges from -0.9 (low efficiency) 
to 0.9 (high efficiency). A one-sample Wilcoxon signed-rank test was used to determine if 
ranking indices differed significantly from zero. To determine if ranking indices differed 
%/1'9)&"$)&"#$$)%**$**/$'&)<1,3*)9#13+*:)%)'1']+%#%/$&#-,)Q#3*P%0]F%00-*)%'%0.*-*)1<)
7%#-%',$)5%*)3*$()-'),1/K-'%&-1')5-&")?3''J*)+1*&]"1,)&$*&D

F4",9&'&4#42U2(4

M00) +%#&-,-+%'&*)5$#$) -'<1#/$() %K13&) &"$) 13&0-'$) %'() -'&$'&-1')1<) &"$) *&3(.)+#-1#)
&1) (%&%) ,100$,&-1'D) ;'<1#/$() ,1'*$'&)5%*) 9-7$') K.) %00) &$%/*)+%#&-,-+%&-'9:) %'() %00)
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5$#$)%0015$()&1),"%'9$)&"$-#),1'&#-K3&-1')&1)&"-*)*&3(.)%&)%'.)&-/$D)M00)+%#&-,-+%'&*)
%++#17$()&"$)+3K0-,%&-1')1<)&"$-#),1'&#-K3&-1')%*)($*,#-K$()-')&"-*)/%'3*,#-+&D

*2&/14&
Shark VCA focus and objectives
!"$)$-9"&)+%#&-,-+%&-'9)*&3(-$*)#%'9$()<#1/)01,%0:)'%&-1'%0)%'()#$9-1'%0)%**$**/$'&*)

1<)*"%#P)N6M*)T!%K0$)̀ VD_XD)!"$),1//1')1KH$,&-7$)1<)%00)%**$**/$'&*)5%*)&1)$03,-(%&$)

information on the nature and extent of the shark fishery and trade, how this 

"-*&1#-,%00.)$7107$(:)%'()&"$)0$7$0)1<),1/+0-%',$)5-&")#$930%&-1'*D)!51)1<)&"$)$-9"&)

*&3(-$*)-',03($()%**$**/$'&*)<1,3*$()+#$(1/-'%'&0.)1')&"$)E#$*13#,$J)T+1+30%&-1')

trends and status), three on ‘fishers’ (the role and livelihood of the fishing community), 

%'()&"#$$)1')E/%'%9$/$'&J)T%**$**/$'&*)<1,3*$()+#-/%#-0.)1')$7%03%&-'9)#$930%&-1'*)

5"-0$)/%++-'9) &#%($XD) O-7$)13&)1<)$-9"&)%**$**/$'&*) -',03($() &"$)+#-/%#.) 0-'P*) -')

the value chain (fisher, mid-chain and end-seller), and three assessments included 

%((-&-1'%0)0-'P*)0-P$)$i+1#&$#*)%'(),1'*3/$#*)T!%K0$)`VD_XD)

Table 10.3 A7$#7-$5) 1<) &"$) *"%#P) 7%03$) ,"%-') %**$**/$'&*) %'%0.R$() %*) +%#&) 1<) &"-*) *&3(.:)
-',03(-'9)&"$)*,%0$)T01,%0:)#$9-1'%0:)'%&-1'%0)1#)-'&$#'%&-1'%0X:)&"$)+#-/%#.)<1,3*)1<)&"$)%**$**/$'&)
(resource, fisher or management authority), links assessed in the VCA, and the main objective 
1<)$%,")%**$**/$'&D

Links assessed
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JK
&'

!+J1%'; Scale L'0K#';(
>+/J5 Main objective

Y$#3 @%&-1'%0 O-*"$# è è è è Describe current and retrospective trade of non-fin 
*"%#P)%'()#%.),1//1(-&-$*)5-&"-')Y$#3D

23-'$%)
G-**%3 41,%0 C$*13#,$ è

Reconstruction of shark and ray fisheries and 
0%'(-'9*)17$#)&"$)+%*&)($,%($*:)-',03(-'9)
#$,1'*&#3,&-1')1<)+1+30%&-1')&#$'(*D

=#-)4%'P% C$9-1'%0 O-*"$# è è è è
Determine socio-economic drivers for shark fishing 
%,,1#(-'9)&1)*"%#P),1//1(-&.)%'()%*,$#&%-')*1,-%0)
#$0-%',$D

G%'90%($*" @%&-1'%0 C$*13#,$ è è
?$&$#/-'$)&"$)K%*$0-'$)-')0%'(-'9)(%&%)1<)*"%#P*)
and rays in coastal fisheries and map national and 
-'&$#'%&-1'%0)&#%($)#13&$*D

;'(-% @%&-1'%0 L%'%9$/$'&)%3&"1#-&. è è è è =3++0$/$'&)*&1,P)%**$**/$'&*)5-&")-'<1#/%&-1')1')
&"$)&#%($)-')*"%#P)%'()#%.)*+$,-$*D

;'(1'$*-% @%&-1'%0 L%'%9$/$'&)%3&"1#-&. è è è è
Map the trade of non-fin shark commodities and 
($&$#/-'$)"15)&"$*$),1//1(-&-$*)%#$)3*$()5-&"-')
;'(1'$*-%D

O-H- @%&-1'%0 O-*"$#) è è

Describe the characteristics of the fishery, determine 
-<)*"%#P*)%#$)&%#9$&$()1#)%)K.,%&,")*+$,-$*:)($*,#-K$)
"15)*"%#P*)%#$)3&-0-R$()%'()"15)&"$.),1'&#-K3&$)&1)
<11()*$,3#-&.D

L$i-,1 @%&-1'%0 L%'%9$/$'&)%3&"1#-&. è è è
?$&$#/-'$)"15)&"$)/%#P$&)<1#)*"%#P),1//1(-&-$*)
51#P)5-&")%)<1,3*)1')(1/$*&-,)*"%#P)/$%&)/%#P$&)%'()
&"$)-'&$#'%&-1'%0)/%#P$&)<1#)1&"$#)*"%#P),1//1(-&-$*D
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Measuring eff ectiveness and effi  ciency across eff ort investment 
and outcomes of VCAs
61'*-($#-'9) &"$) /30&-]*&$+) +#1,$**) 1<) $*&%K0-*"-'9) %'() -/+0$/$'&-'9) %) N6M:) &"$)

cross-study overview presented here showed that eff ort allocation and outcome 

#$&3#'*)5$#$)"-9"$*&) <1#) -'7$*&/$'&) -') &"$)*3#7$.)n3$*&-1''%-#$)($*-9')*&$+D)!"-*)

indicates that investing more eff ort in survey design leads to the most valuable 

outcome of the fi ve-step assessment process (Figure 10.2A). Examining what could 

be learned across the various steps individually highlights specifi c learnings that can 

-'<1#/)'$5)%**$**/$'&*)TO-93#$)`VDUXD

Figure 10.2) !"$) /$%') #%'P-'9) -'(-,$*) <1#) $%,") *&$+) T0$<&X) %'() %**1,-%&$() &%*P*) T#-9"&X) %*)
($*,#-K$()-')&"$)OMA)93-(%',$)<1#)*"%#P)N6M*D)Y%#&-,-+%'&*)5$#$)%*P$()&1)#%'P)&"$)*&$+*)%'()
tasks of a VCA based on (1) eff ort and resources spent and (2) how these steps and tasks 
,1'&#-K3&$()&1)&"$)7%03%K0$)13&,1/$*)1<)&"$-#)%**$**/$'&D)M)'$9%&-7$)#%'P-'9)-'($i)-'(-,%&$*)
that the eff ort invested did not lead to more generated outputs (less effi  cient), an index of zero 
indicates that eff ort investment and generated outcomes are balanced, and a positive ranking 
index indicates that the eff ort invested led to more valuable outputs (more effi  cient). Error bars 
-'(-,%&$)&"$)*&%'(%#()$##1#)1<)&"$)/$%':),101#*)-'(-,%&$)&"$)<1,3*)1<)&"$)%**$**/$'&)TK0%,P)r)
all assessments, blue = resource focused, green = fi sher focused, red = management authority 
focused), and asterisks indicate signifi cance.

F&4#01,&",(N'#'G.(,4.$,(NO'FZ#1/#4,.('#()'*27.$4,(N'S$.92&&

The fi rst step of a shark VCA is identifying and documenting the value(s) and 

1KH$,&-7$T*X)1<)&"$)%**$**/$'&:)%*)5$00)%*)*$%#,"-'9)<1#)-'<1#/%&-1')%'(),1'*-($#-'9)
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P$.)*&%P$"10($#*)%'()*&%P$"10($#)9#13+*)T-D$D:)$*&%K0-*"-'9)%)/1'-&1#-'9:)$7%03%&-1')

%'()#$+1#&-'9)+#1,$**XD)!"-*)-'-&-%0)*&$+)*"15$()%)015$#)#%'P-'9)-'($i)5"$'),1/+%#$()

&1)1&"$#)*&$+*)TC;)r)]VD`V)})VD`[m)/$%')})*&(D)$##1#X:)-'(-,%&-'9)&"%&)/1*&)#$*$%#,"$#*)

<$0&)&"$.)-'7$*&$()/1#$)#$*13#,$*)%'()&-/$)-')&"-*)&"%')'$,$**%#.)<1#)&"$)9$'$#%&$()

outputs (Figure 10.2A). However, when researchers were asked to rank the diff erent 

&%*P*)K$01'9-'9)&1)&"-*)*&$+:)&"$*$)&%*P*)5$#$)&"139"&)&1),1'&#-K3&$)&15%#(*)7%03%K0$)

13&,1/$*)1<)&"$)17$#%00)%**$**/$'&D);($'&-<.-'9)P$.)*&%P$"10($#*)5%*)&"139"&)&1)K$)

&"$)/1*&)-/+1#&%'&)1<)&"$)&%*P*)(3#-'9)&"-*)+#$+%#%&-1')*&$+)TC;)r)VD_^)})VD`^:)*$$)

O-93#$)`VDUGXD)=$%#,"-'9)<1#)%7%-0%K0$)-'<1#/%&-1')5%*)%0*1)&"139"&)&1)K$)-/+1#&%'&)

K3&)"%()&"$)015$*&)#%'P-'9)-'($i)TC;)r)VD``)})VDUUX)1<)%00)<13#)&%*P*)-')&"-*)*&$+D

E2&,N(,(N'#'&/$Z2+

!"$)/$%')#%'P-'9)-'($i)5%*)"-9"$*&)<1#)&"$)*$,1'()*&$+)1<)%)*"%#P)N6M:)&"$)*3#7$.)

design step, but did not signifi cantly diff er from other steps (RI = 0.25 ± 0.12; XU)r)

__D`:)(D<D)r)``:)+)r)VDVZ:)*$$)O-93#$)`VDUMXD)!"$)#%'P-'9)-'(-,$*)<1#)&"$)&%*P*)5-&"-')&"-*)

step show the benefi t of investing more eff ort in determining what will be measured 

TC;)r)VDU_)})VDV[m)N)r)U\:)+)r)VDVUX)%'()&"$),1##$,&)<1#/%&)1<)&"$)*3#7$.)TC;)r)VDUZ)})VDV`m)

N)r)__Db:)+)r)VDVW:)*$$)O-93#$)`VDUGXD

Figure 10.3 Reported relative importance of diff erent topics along the continuum of social-
$,1019-,%0)*.*&$/*)5-&"-')7%03$),"%-')%**$**/$'&)n3$*&-1''%-#$*:),1'*-($#-'9)&"$)<1,3*)1<)&"$)
%**$**/$'&)T0$<&X)1#)&"$)&%#9$&)0-'P*)&"%&),1/+#-*$)$0$/$'&*)1<)&"$)7%03$),"%-')T#-9"&XD

The survey design did not markedly diff er between assessments focused on resource 

use, fi sher or management authority, or between surveys conducted within diff erent 

0-'P*) -') &"$)7%03$),"%-') TO-93#$)`VD_XD)2$'$#%00.:)/1#$) -'<1#/%&-1')1')*+$,-$*)%'()
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commodity quantities was collected in fisher and mid-chain surveys. In contrast, the 

<1,3*)&3#'$()&1)+#1,$**-'9)%'()+#$*$#7%&-1')1<),1//1(-&-$*)-')*3#7$.*)5-&")*$00$#*)

and exporters. Also, researchers suggested that they spent less effort collecting 

K-1019-,%0) (%&%) T$D9D:) *+$,-$*) ,1/+1*-&-1':) 0$'9&"X) 5"$') /17-'9) (15') &"$) 7%03$)

chain (i.e., from fisher to consumer). In mid-chain surveys, the effort spent collecting 

,1//1(-&.)(%&%) T$D9D:)+#1,$**-'9:),1//1(-&.)n3%'&-&-$*:)+#-,-'9)%'()&#%($)#13&$*X)

increased to determine the flow of commodities and related economic measures. 

!"$) ,100$,&-1') 1<) *1,-1],30&3#%0) -'<1#/%&-1') T$D9D:) 0-7$0-"11(*:) &#%(-&-1'*:) %'()

($/19#%+"-,*X)%0*1)-',#$%*$()5"$')/17-'9)3+)&"$)7%03$),"%-')&1)%0015)#$*$%#,"$#*)

&1)($&$#/-'$)&"$),30&3#%0)%'()&#%(-&-1'%0)/1&-7%&-1')K$"-'()3*$)%'()&#%($D

E271.+,(N'#'&/$Z2+

!"$)-'7$*&/$'&)7$#*3*)#$&3#')1')*3#7$.)($+01./$'&)*&$+)5%*)#$0%&-7$0.)K%0%',$()TC;)

= 0.01 ± 0.15; Figure 10.2), meaning that researchers indicated that the effort spent 

1')&"-*)*&$+)%0-9'$()5-&")&"$)9$'$#%&$()13&,1/$*)<1#)&"$)%**$**/$'&D)61'&#%*&-'90.:)

K1&")%**1,-%&$()&%*P*)*"15)%)'$9%&-7$)#%'P-'9)-'($i:)-'(-,%&-'9)&"%&)#$0%&-7$0.)/1#$)

&-/$)%'()#$*13#,$*)5$#$)-'7$*&$()-')&"$)019-*&-,%0)+0%''-'9)1<)*3#7$.)($+01./$'&)TC;)r)

]VD`\)})VDVZX)%'()&"$)($+01./$'&)-&*$0<)TC;)r)]VD`b)})VD`WX),1',$#'-'9)&"$),1'&#-K3&-1')

1<)&"$*$)*&$+*)&1)&"$)/1*&)7%03%K0$)13&,1/$*)1<)&"$)%**$**/$'&D)

G#(#N2U2(4'#()'/&2'.8')#4#

Y%#&-,-+%'&*)"-9"0-9"&$()&"%&)#$*13#,$)%'()&-/$)3*$)*"130()K$)K$&&$#)K%0%',$(:)5-&")

&"$)'$$()<1#)-'7$*&/$'&)-')&"$)/%'%9$/$'&)%'()3*$)1<)(%&%)TC;)r)]VDV_)})VD`Vm)O-93#$)

`VDUX:)%*),1'*10-(%&-'9)(%&%)TC;)r)]VDVU)})VD`^X)%'()&"$)+#1,$**-'9)(%&%)TC;)r)]VDVU)})

VD`[X)*"15$()%)K%0%',$()#%'P-'9)-'($iD

5.UU/(,9#4,.('#()'#)#74,Z2'U#(#N2U2(4

The last step of the shark VCA, the communication of findings and use of knowledge 

<1#)%(%+&-7$)/%'%9$/$'&)"%()&"$)015$*&)#%'P-'9)-'($i)1<)%00)*&$+*)TC;)r)]VDUV)})VD``m)

Figure 10.2), indicating that efforts spent on this step contributed the least to generating 

7%03%K0$)13&,1/$*)1<)&"$-#)%**$**/$'&)#$0%&-7$0.)&1)1&"$#)*&$+*D)C$*$%#,"$#*)-'(-,%&$()

that the effort invested into identifying the management framework (RI = -0.42 ± 0.13) 

%'()/1'-&1#-'9)%(%+&-7$)/%'%9$/$'&)TC;)r)]VDb\)})VD`WX)(-()'1&)#$*30&)-')/1#$)($*-#$()

outputs from the assessment compared to other tasks. These two tasks also significantly 

differed from the tasks with a positive ranking index (task 1-6; H = 33.06, p !)VDVV`XD
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Recommendations for shark VCA steps based on real-world 
&F(&#$&%-&,

F&4#01,&",(N'#'U.(,4.$,(NO'2Z#1/#4,.('#()'$27.$4,(N'7$.92&&

M00) #$*$%#,") &$%/*) -'(-,%&$() &"%&) -'7$*&/$'&) -') *&%P$"10($#) *$0$,&-1') %'() &#3*&]

K3-0(-'9) K$&5$$') *3#7$.1#*) %'() &"1*$) *3#7$.$() T*&%P$"10($#) 9#13+*) %'() 01,%0)

,1//3'-&-$*X) -*) ,#3,-%0) &1) &"$) *3,,$**) 1<) N6M*D) =&%P$"10($#*) *"130() K$) *$0$,&$()

K%*$() 1') +#$0-/-'%#.) #$*$%#,":) (3#-'9) 51#P*"1+*:) /$$&-'9*:) ,%+%,-&.]K3-0(-'9)

%,&-7-&-$*)%'()K.)-'7107-'9)01,%0),1//3'-&.)/$/K$#*)-')&"$)%**$**/$'&)($*-9')%'()

($+01./$'&)*&$+)1<)%'.)+0%''$()*3#7$.)T!%K0$)̀ VDWXD)?3#-'9)&"-*)+#1,$**:)#$*$%#,"$#*)

-'(-,%&$()&"%&)&"$)1KH$,&-7$*)1<)&"$)*3#7$.)*"130()K$),0$%#0.),1//3'-,%&$()%'()&"%&)

,1/+0$i)($*,#-+&-1'*:)H%#91')%'()01'9)/$$&-'9*)*"130()K$)(-*,13#%9$(D)M++#1+#-%&$)

community or region-specific messaging tools could be identified during preliminary 

#$*$%#,"D) ;') %((-&-1':) *"%#P) N6M) #$*13#,$*) *"130() K$) %001,%&$() K%*$() 1') &"$)

%'&-,-+%&$() *%/+0$) *-R$*) %'() $i&$'&) 1<) *&3(.) %#$%*j#$9-1'*) &1)/%&,") -'7$*&/$'&)

%,#1**) &"$)+#$+%#%&-1')%'()($0-7$#.)1<)%) *3#7$.D)O-'%00.:) #$*$%#,"$#*),1'*-($#$() -&)

important to identify sociocultural events that could potentially influence the success 

of fishery and/or trade surveys during preliminary research (e.g., active fishing times, 

fishery ban periods, and national holidays).

E2&,N(,(N'#'&/$Z2+

C$*$%#,"$#*)#$,1//$'($(),1'*30&-'9)%'()-'7107-'9)*&%&-*&-,%0)$i+$#&*)-')&"$)($*-9')

*&%9$*) 1<) &"$) *3#7$.) &1) $'*3#$) #$*30&*) 5-00) K$) *3-&%K0$) <1#) %'&-,-+%&$() *&%&-*&-,%0)

%**$**/$'&)T!%K0$)`VDWXD)!"-*)$'*3#$*)&"%&)&"$)13&,1/$*)9$'$#%&$()%#$)*3-&%K0$)<1#)

%'%0.*$*)%9%-'*&)#$*$%#,"$#*J)N6M)1KH$,&-7$*D)

Y#-1#) &1) *3#7$.) ($*-9':) (3#-'9) +#$0-/-'%#.) #$*$%#,":) #$*$%#,"$#*) *"130() -($'&-<.)

possible ‘units’ used by fishery value chain participants, which are also well recognized 

across the focal fishery, trade, and use communities. Adopting such units allows 

K$&&$#) ,%&,":) 0$'9&") %'() 7103/$) /$%*3#$/$'&) *&%'(%#(-R%&-1') %,#1**) *3#7$.*D)

Although open and non-structured questions allow fishers, traders and community 

/$/K$#*)&1)*"%#$)/1#$)-'<1#/%&-1')%'(),130()K$)3*$()&1)-'<$#)/1#$)3'($#*&%'(-'9)

1<) -**3$*) 0-P$) '1'],1/+0-%',$:) &"-*) &.+$) 1<) n3$*&-1') ,%') '$9%&-7$0.) -/+%,&) *3#7$.)

length. Researchers undertaking shark VCAs in large regions or different study areas 

should design flexible surveys that allow variations in fishery, trade and cultures to 

K$),100%&$()%'(),1/+%#$(D
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E271.+,(N'#'&/$Z2+

L1*&)#$*$%#,"$#*)-'(-,%&$()&"$)-/+1#&%',$)1<)-'7107-'9)+1&$'&-%0)$'3/$#%&1#*)-')&"$)

*"%#P)N6M)+#1,$**)5$00)K$<1#$)&"$)($+01./$'&)1<)*3#7$.*)T!%K0$)`VDWXD)!"-*)%0015*)

#$*$%#,"$#*)&1)&#%-')$'3/$#%&1#*)%'()*&%'(%#(-R$)*3#7$.)($0-7$#.:)5-&")$'3/$#%&1#*)

"%7-'9)%) ,0$%#)3'($#*&%'(-'9)1<) &"$)$7103&-1')1<) %) *3#7$.D) ;'7107-'9)$'3/$#%&1#*)

with local insights enables researchers to more effectively reach and communicate 

5-&") *&%P$"10($#*:) &%P-'9) -'&1) %,,13'&) %++#1+#-%&$) *1,-1],30&3#%0) ,1'&$i&) %'()

+1**-K0.)9%-'-'9)9#$%&$#)%,,$**)&1),1//3'-&-$*)%'()-'<1#/%&-1')&"%&)/%.)"%7$)K$$')

#$*&#-,&$()&1)E13&*-($#*J)1#)&"%&)%#$)<13'()&1)K$)-*10%&$()<#1/)/%-'*&#$%/)P'150$(9$D)

c15$7$#:)5"$')-'7107-'9)01,%0)$'3/$#%&1#*:)#$*$%#,"$#*)*"130()$'*3#$)&"%&)&"$.)%#$)

free from conflicts of interest and can take a neutral position during the delivery of 

N6M)-'<1#/%&-1'),100$,&-1')+#1,$**$*D)

Spatially, sampling efforts should not be limited to landing sites and ports during 

*3#7$.)($+01./$'&D)=%/+0-'9)($*-9')*"130()%0*1),1'*-($#)-'0%'()+%#&*)1<)&"$)7%03$)

,"%-')%'()-*10%&$()/%#P$&*)%'()&#%($),1/+1'$'&*D

G#(#N2U2(4'#()'/&2'.8')#4#

C$*$%#,"$#*) -') &"-*) *&3(.) -'7107$() 01,%0) $'3/$#%&1#*) -')+#1,$**-'9) ,100$,&$()(%&%)

and asked them to collect additional field notes (Table 10.4). These field notes 

describe additional survey information, like the presence of specific traders or 

fishers at auctions, price changes, and events impacting prices, demand or supply 

of commodities. These field notes were valuable in confirming and explaining the 

#$*30&*)<#1/)&"$)N6MD

5.UU/(,9#4,.('#()'#)#74,Z2'U#(#N2U2(4

C$*$%#,"$#*) "-9"0-9"&$() &"$) -/+1#&%',$) 1<) 7-*3%0-R-'9) 13&,1/$*) <1#)/%'%9$/$'&)

authorities, policymakers, and local communities through methods such as flowcharts 

%'()9#%+"-,%0)%K*&#%,&*)T!%K0$)`VDWX:)&"3*)/%P-'9)#$*30&*)/1#$)%,,$**-K0$D)!"-*),130()

-',03($) 7-*3%0) #$+#$*$'&%&-1'*) 1<) &#%($) #13&$*:) *13#,$) %'() 1']*%0$) 01,%&-1'*) 1<)

commodity processing as well as aggregation areas, and commodity flow diagrams. 

!1) *&#$'9&"$') 01'9]&$#/) #$0%&-1'*) 5-&") *&%P$"10($#*:) *,"$(30-'9) #$1,,3##-'9)

/$$&-'9*) 5-&") /%'%9$#*:) +10-,./%P$#*:) %'() 01,%0) ,1//3'-&-$*) 5%*) &"139"&) &1)

-',#$%*$)&"$)($0-7$#.)1<)P$.)N6M)13&,1/$*:)$'*3#-'9)&"%&)13&,1/$*)5$#$)<$()K%,P)&1)

fishing communities and traders.



UUW

!"#$%&'()*

Table 10.4)8i%/+0$*)1<)K$&&$#) T0$<&X)%'()+11#) T#-9"&X)+#%,&-,$*)#$+1#&$()K.)*"%#P)7%03$),"%-')
%**$**/$'&) +#1+1'$'&*D) C$*+1'*$*) %#$) ,1'&$i&](#-7$') %'()K%*$()1') &"$) $i+$#-$',$)1<) &"$)
*"%#P)N6M*),1'(3,&$()-')&"$-#)15')*1,-1],30&3#%0)*$&&-'9D

Establishing a Monitoring, Evaluation and Reporting Process
*&%%&'($'#/%0/& L++'($'#/%0/&

è O1#/30%&$)91%0*)%'()1KH$,&-7$*)-'&1)
3'($#*&%'(%K0$)H%#91'D

è >*$)+#$0-/-'%#.)#$*$%#,")&1)-($'&-<.)
*&%P$"10($#*)%'()917$#'%',$)#$9-/$*D

è A#9%'-R$),%+%,-&.]*&#$'9&"$'-'9)%,&-7-&-$*)
5-&"-')01,%0),1//3'-&-$*)&1)-/+#17$)
-'&$#]*&%P$"10($#)#$0%&-1'*D

è 6100%K1#%&$)5-&")$i+$#&*)&1),1'*10-(%&$)
+#$0-/-'%#.)#$*$%#,"D

è Y0%')%**$**/$'&*),1'*-($#-'9),30&3#%0)
$7$'&*)%'()&#%(-&-1'*D

è M001,%&$)#$*13#,$*)$7$'0.)17$#)*&3(.)
%#$%*)5-&"13&)*&%&-*&-,%0)%'%0.*$*)%'()
*%/+0$)*-R$),%0,30%&-1'D

è ?1)'1&)3*$)01'9)/$$&-'9*)%'()
($*,#-+&-1'*)&1),1'7$.)*&3(.)1KH$,&-7$*D)
?$&$#/-'$)&"$)%++#1+#-%&$)/$&"1()<1#)
,1//3'-,%&-'9)5-&")*&%P$"10($#*D

Designing a Survey
*&%%&'($'#/%0/& L++'($'#/%0/&

è 8'*3#$)&"$)13&+3&*)1<)n3$*&-1'*)%#$)
*3-&%K0$)<1#)*&%&-*&-,%0)%'%0.*$*D

è ;',03($)1+$')1#)'1']*&#3,&3#$()
n3$*&-1'*)&1)%*P)%K13&)'1'],1/+0-%',$)
%'()1&"$#)+#1K0$/*)*&%P$"10($#*)<%,$D

è Make surveys flexible and adaptable to 
changes in fisheries, trade, and culture 
K$&5$$')#$9-1'*D

è >*$)&-/$)#$<$#$',$*)&"%&)%#$)$%*.)&1)
recall (e.g., ‘now’ and ‘when fishing 
*&%#&$(J)#%&"$#)&"%')*$&)(%&$*XD

è Prevent using different units between 
*3#7$.*D)=&%'(%#(-R$)9-7$')%'*5$#*)*3,")
%*),%&,")n3%'&-&-$*)%'()+#-,$*D

è ?1)'1&)3*$),1/+0$i)*3#7$.)&110*)T$D9D:)
&%K0$&*X)&"%&)0-/-&)&"$),100$,&-1')1<)
3'*&#3,&3#$()(%&%D);&),%')%0*1)'$9%&-7$0.)
-/+%,&)(%&%),100$,&-1')-<)*&%P$"10($#*)1#)
$'3/$#%&1#*)%#$)3'<%/-0-%#)5-&")&110*D

è ;',03(-'9)/%'.)n3$*&-1'*)5-&")+1&$'&-%0)
17$#0%++-'9)#$*+1'*$*)-',#$%*$*)&"$)*3#7$.)
0$'9&"D)c15$7$#:)17$#0%++-'9)n3$*&-1'*),%')
also be used to confirm given responses, 
warranting their use in specific cases.

Deploying a Survey
*&%%&'($'#/%0/& L++'($'#/%0/&

è Y1&$'&-%0)T01,%0X)$'3/$#%&1#*)<#1/)01,%0)
,1//3'-&-$*)*"130()K$)-'7107$()$%#0.)
-')&"$)+#1,$**)&1)<%,-0-&%&$)&#%-'-'9)%'()
($0-7$#.)1<)&"$)*3#7$.D

è C$*+$,&)&"$)&-/$)1<)&"$)-'&$#7-$5$$)
and be flexible about pausing or 
(-*,1'&-'3-'9)-'&$#7-$5*D

è M,&-7$0.)K3-0()'$&51#P*)5-&"-')01,%0)
,1//3'-&-$*)&1)9%-')%,,$**)&1),#-&-,%0)
-'<1#/%&-1')T$D9D:)*-0$'&)%3,&-1'*:)'$5)
*&%P$"10($#*XD

è O10015)&"$)%++#1+#-%&$)"-$#%#,".)&1)
%,,$**)-'<1#/%&-1')1#)-'&$#7-$5$$*D

è L1'-&1#)%((-&-1'%0)%,&-7-&-$*)T$D9D:)
product transport) to confirm results and 
,1'&$i&3%0-R$)&"$)N6D

è O%/-0-%#-R$)5-&")01,%0)*1,-1],30&3#%0)
aspects influencing data collection 
T$D9D:)-00-&$#%,.XD)!"-*)'$9%&-7$0.)-/+%,&*)
&"$)n3%0-&.)%'()%/13'&)1<),100$,&$()
-'<1#/%&-1':)%'()-/+%,&*)*&%P$"10($#)
#$0%&-1'*D

è Do not limit study resources and effort to 
0%'(-'9)*-&$*m)(1-'9)*1)5-00),%3*$)&"$)#$*&)
1<)&"$)7%03$),"%-')&1)K$)17$#011P$()T$D9D:)
-'0%'()/%#P$&*XD

è 21-'9)&1)0%'(-'9)*-&$*)1#)/%#P$&*)5-&"13&)
01,%0),1//3'-&.)/$/K$#*),%')0-/-&)(%&%)
,100$,&-1')1#)-'&$#+#$&%&-1')1<)$**$'&-%0)
($&%-0*D)
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Management and Use of Data
*&%%&'($'#/%0/& L++'($'#/%0/&

è Collect additional field notes to cover any 
%((-&-1'%0)-'<1#/%&-1')'1&),17$#$()-')&"$)
*&#3,&3#$()*3#7$.:)-',03(-'9)1K*$#7%&-1'*)
to confirm survey outcomes.

è None specified.

Communication and Adaptive Management
*&%%&'($'#/%0/& L++'($'#/%0/&

è N-*3%0-R$)*+%&-%0)%'()&$/+1#%0)
-'<1#/%&-1')<1#)/%'%9$#*:)*3,")%*)&#%($)
#13&$*)%'()"3K*D

è ;',03($)&"$)+$#*+$,&-7$*)%'()'$$(*)1<)
01,%0),1//3'-&-$*)-')&"$),1//3'-,%&-1')
1<)13&,1/$*D

è c%7$)#$1,,3##-'9)/$$&-'9*)5-&")01,%0)
,1//3'-&-$*)%'()($,-*-1']/%P$#*)&1)
/%-'&%-'),1//3'-,%&-1')%'()($0-7$#.)1<)
13&,1/$*D

è Y3K0-*"$()#$*30&*)*"130()K$)%,,$**-K0$)&1)
01,%0),1//3'-&-$*)5"-0$)%0*1)+#17-(-'9)
3&-0-&.)&1)01,%0)%'()'%&-1'%0)/%'%9$#*D

è 61//3'-,%&$)13&,1/$*)1<)'1']
,1/+0-%',$)5-&")T-'&$#'%&-1'%0X)
#$930%&-1'*)5-&")&"$)'%&-1'%0)%3&"1#-&.D

è Y#$7$'&)*$'(-'9)%)#$+1#&)&1)($,-*-1']
/%P$#*)5-&"13&)%)7-*3%0)*3//%#.D

è ?1)'1&),1//3'-,%&$)13&,1/$*)&1)
($,-*-1']/%P$#*)K$<1#$),1'*30&-'9)5-&")
01,%0)*&%P$"10($#*D

è O1#/30%&$)13&,1/$*)%'()
#$,1//$'(%&-1'*)<1#)%(%+&-7$)
/%'%9$/$'&)-')%),1'*&#3,&-7$)/%''$#:)
$D9D:)+#$7$'&)%,,3*-'9)1#)*$'*-&-7$)
0%'93%9$D

è M05%.*)$'*3#$)-'&$#7-$5$$)%'1'./-&.)
5"$'),1//3'-,%&-'9)13&,1/$*D

E,&9/&&,.(
!"-*)*&3(.)*139"&) &1) -($'&-<.) &"$)/1*&),1//1')%++#1%,"$*)1<) #$*$%#,") &$%/*) &1)

VCAs for adaptive management of shark fisheries. The goal was to gain advice on 

refining VCAs when considering trade-offs between limited capacity and resources 

&1) 1+&-/-R$) #$&3#'*) <1#) /%'%9$/$'&) 3*$D) A3#) #$*30&*) *"15$() &"%&) *"%#P) N6M*)

offer a holistic view of complex shark fisheries and trade in shark commodities, 

&"$) -/+1#&%',$)1<)5"-,") -*) %0*1)"-9"0-9"&$()K.)+#$7-13*) *&3(-$*) T$D9D:) G11&"),$) +-3

UV`ZXD)C$*$%#,"$#*),1'&#-K3&-'9)&1)&"-*)*&3(.)-'(-,%&$()&"%&)&"1*$),1'(3,&-'9)*"%#P)

VCAs in the future should invest the most effort and resources into (1) the selection 

+#1,$**) 1<) P$.) *&%P$"10($#*:) TUX) K3-0(-'9) %'() /%-'&%-'-'9) &#3*&51#&".) #$0%&-1'*)

%/1'9) *&%P$"10($#*) %'() #$*$%#,"$#*:) %'() T_X) %($n3%&$) ($*-9') 1<) *3#7$.*) +#-1#)

&1)($+01./$'&) TO-93#$)`VDWXD)!"$*$) &"#$$),1/+1'$'&*)5$#$) <13'()&1)K$) &"$)/1*&)

beneficial in generating valuable insights for the adaptive management of sharks 

T$D9D:) -/+#17$() ,1//3'-,%&-1') %'() #$0%&-1'*) 5-&") *&%P$"10($#*) %'() ,100$,&-1') 1<)

accurate information on trade and fisheries).

A3#)#$*30&*) -'(-,%&$) &"%&)1#9%'-R-'9),%+%,-&.]K3-0(-'9)%'()&#%-'-'9)%,&-7-&-$*)(3#-'9)

&"$) $%#0.) *&%9$*)1<) &"$) *"%#P)N6M)+#1,$**) -*) $**$'&-%0:) %*) -&) -',#$%*$*) &"$) 7103/$)
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%'()%,,3#%,.)1<)(%&%),100$,&$()5"-0$)%0*1)+#17-(-'9),1'&$i&3%0) -'<1#/%&-1')TO-93#$)

`VDWXD) 6%+%,-&.]K3-0(-'9) %,&-7-&-$*) -',03($) -'7107-'9) P$.) *&%P$"10($#*) $%#0.) -') &"$)

process by organizing reoccurring stakeholder meetings, which has been identified 

%*)%') -/+1#&%'&)*3,,$**) <%,&1#) -')1&"$#)N6)*&3(-$*) T?3K%.),$)+-3)UV`V:)Y#%("%'),$)

+-3) UVUUXD) C$1,,3##-'9) $7$'&*) +#1/1&$) /3&3%0) 3'($#*&%'(-'9) %'() &#3*&) K3&) %0*1)

%-()-')($7$01+-'9)*"1#&])%'()01'9]&$#/)1KH$,&-7$*D)?3#-'9)&"$*$)-'&$#%,&-1'*:)-&)5%*)

-/+1#&%'&)&1),1'*-($#),30&3#%0)'1#/*:)&#%(-&-1'*:)%'()"-$#%#,"-,%0)*&#3,&3#$)T4p,P/%'')

and Färber 2016). Diversity within the fisheries sector should also be considered 

T@95$'.%),$)+-3)UV`UX)%'()5%*)%0*1)#$,1//$'($()K.)#$*$%#,"$#*)+%#&-,-+%&-'9)-')&"-*)

study. For example, women constitute half of the workforce in global fisheries (World 

G%'P:)UV`UXD)@$90$,&-'9)&"$-#)+$#,$+&-1'*)%'()+$#*+$,&-7$*),130()'$9%&-7$0.)-/+%,&)

&"$)#$+#$*$'&%&-1')1<)*"%#P)N6M)13&,1/$*)%'()"%/+$#)<3&3#$)($,-*-1']/%P-'9D

After a broad range of stakeholders have been identified, our results show the 

-/+1#&%',$)1<)-',03(-'9)&"$*$)*&%P$"10($#*)$%#0.)-')&"$)+#1,$**)1<)*"%#P)N6M)*3#7$.)

($*-9')%'()($+01./$'&)TO-93#$)̀ VDWXD)8%#0.)-'7107$/$'&)$'*3#$*)&"%&)%00)%*+$,&*)1<)&"$)

,1/+0$i)*1,-%0]$,1019-,%0)*.*&$/)K$-'9)$i%/-'$()%#$),1'*-($#$(:)5-&")&"$),%+&3#$)

of additional information, identification of differences in nomenclature, appropriate 

*3#7$.)&-/-'9)%'()%,,3#%,.)1<)01,%0)$,1019-,%0)P'150$(9$D

Including open-ended questions in surveys can be beneficial as they allow 

*&%P$"10($#*) &1) "%7$) (-#$,&) ,1'7$#*%&-1'*) 5"-0$) %0*1) +#17-(-'9) -'<1#/%&-1') '1&)

,17$#$()K.) %) *&#3,&3#$() *3#7$.)($*-9'D) !"$) -'<1#/%&-1')9%-'$() <#1/) &"$*$)1+$']

ended questions may offer insights into pain points linked to adaptive management 

%'() '1'],1/+0-%',$) &1) ,3##$'&) 917$#'%',$) #$9-/$*) T@$3$#&) ,$) +-3) UVU`XD) M0*1:)

-',03(-'9)1+$')n3$*&-1'*) -')*"%#P)N6M)*3#7$.*)9$'$#%&$()'$5)0-'$*)1<) -'n3-#.)'1&)

P'15')(3#-'9)&"$)($*-9')+"%*$)T$D9D:)&#%($)#13&$*:)'$5),1//1(-&-$*:)&#%(-'9)%#$%*XD

Another important aspect of survey design is addressing differences in common 

*+$,-$*) '1/$',0%&3#$) %'() 3'-&*) T$D9D:) ,1//1(-&.) &#%($() +$#) P-019#%/:) K3,P$&X)

TO-93#$) `VDWXD) O1#) $i%/+0$:) 4$$'$.) %'()Y1',$0$&) TUV`bX) ,1',03($() &"%&)5-&"-') &"$)

Bijagós Archipelago (Guinea-Bissau), approximately 66 different names for sawfish 

(Pristidae) are used. Within the same archipelago, sharks and fish are traded using 

$-&"$#)K3,P$&*)1#) $*&-/%&$() P-019#%/*) T4$3#*:) +$#*1'%0) 1K*$#7%&-1'XD)>*-'9) 01,%00.)

accepted paradigms that are cross-referenced to scientific measures improves the 

-'&$#+#$&%&-1') %'() %,,3#%,.) 1<) 01,%00.) ,100$,&$() -'<1#/%&-1') %'() $'*3#$*) &"%&) &"$)

assessment is flexible towards sociocultural differences, enabling better comparison 

5-&"-')%'()K$&5$$')*&3(.)%#$%*)TL,6%#&$#)%'()2%7-')UV`W:)G$#'1*),$)+-3)UVU`XD



UU[

!"#$%&'#()*&+"#,-&.-#(/0,0

!"

M0&"139")901K%00.:)*"%#P)+1+30%&-1'*)"%7$)($,0-'$()17$#)&"$)+%*&)($,%($*)T=&$7$'*),$)

+-3)UVVVm)?307.),$)+-3)UVU`X:)"-*&1#-,%0)-'<1#/%&-1')1')01,%0)+1+30%&-1'*)-*)1<&$')0%,P-'9)

TG$91**-)UV`V:)G$%3(#$%3)%'()4$7-')UV`WXD)L$%*3#-'9)&$/+1#%0),"%'9$*)-')*+$,-$*)

catch or catch compositions based on fishers’ local ecological knowledge may be one 

1<)&"$)1'0.)%7$'3$*)&1)3'($#*&%'()"-*&1#-,%0),"%'9$*D)c15$7$#:)-&),%')K$),1/+0-,%&$()

(3$) &1)*"-<&-'9)K%*$0-'$*) TY%30.)`ZZb:)=w$'R]M##1.1),$)+-3)UVVbXD)@1&)1'0.) &"-*:)K3&)

accurately recalling retrospective catch information from specific periods can be 

,"%00$'9-'9)<1#)*&%P$"10($#*)TG$%3(#$%3)%'()4$7-')UV`W:)8%#0.]6%+-*&#w'),$)+-3)UVUVXD)

Experienced fishers can provide valuable insights into historical changes in shark 

+1+30%&-1'*)TM0/1H-0:)UVU`XD)A'$)/$&"1()-*)%*P-'9)*&%P$"10($#*)%K13&),%&,"$*)%'()

&#%($*)5-&")($,%($]01'9)-',#$/$'&*D)M'1&"$#)/$&"1()&1)-',#$%*$)&"$)%,,3#%,.)1<)&"-*)

temporal local ecological knowledge is to ask stakeholders about specific moments 

in time (e.g., when one started fishing and the current situation; Figure 10.4).

!1)$'*3#$)&"$)%,,3#%,.)1<)01,%0)P'150$(9$),100$,&$(:)&"$)&-/-'9)%'()*+%&-%0)$i&$'&)1<)

*3#7$.)($+01./$'&)'$$()&1)K$),1'*-($#$()TO-93#$)`VDWXD)87$'&*)*3,")%*)&#%(-&-1'%0)

<$*&-7-&-$*) ,%') ,%3*$) %) #-*$) -') ($/%'() <1#) *"%#P) ,1//1(-&-$*)5"-0$) *$%*1'*)"%7$)

differing fishing efforts. For example, the dish ‘bacalao’ in Mexico is traditionally 

,1'*3/$()(3#-'9)6"#-*&/%*)%'()8%*&$#:)%'()&"$)&#%(-&-1'%0),1()-*)1<&$')*3K*&-&3&$()

5-&")*"%#P)/$%&) T4%/K%##-),$)+-3) UV`bXD)="%#P),3##.) -*)%0*1),1'*3/$()(3#-'9) 01,%0)

<$*&-7-&-$*) 1') &"$) 5$*&$#') ,1%*&) 1<) =3/%&#%) -') ;'(1'$*-%) TL3&&%n-') ,$) +-3) UV`ZXD)

Considering these events and their influence on commodity demand is crucial in 

3'($#*&%'(-'9)N6*D)=-/-0%#0.:)&"$)*+%&-%0)$i&$'&)1<)&#%($)*"130()K$),1'*-($#$()%'()

often requires a flexible survey deployment strategy, especially when new locations of 

interest are identified during the preliminary research phase or survey deployment. 

O1#) $i%/+0$:) *"%#P) +#1(3,&*) +#1,$**$() -') ,1%*&%0) %#$%*) 1<) ;'(-%) %#$) &#%'*+1#&$()

-'0%'() '$%#) &"$) '1#&"$%*&$#') c-/%0%.%') +0%&$%3) &1) K$) &#%($() 5-&"-') #$9-1'%0)

/%#P$&*)TQ-R"%P3(%':)+$#*1'%0),1//3'-,%&-1'XD)M)N6M)+#-/%#-0.)<1,3*$()1'),1%*&%0)

%#$%*)5130()<%-0)&1),17$#)&"-*)-/+1#&%'&)<%,$&)1<)&#%($D)Y%#&-,-+%&1#.)/%++-'9),%')%0*1)

be incorporated into the survey design, allowing important trading and fishing sites 

&1)K$)/%++$()T!"-%30&),$)+-3)UV`[XD)8i$#,-*$*)*3,")%*)&"$*$),%')#$(3,$)3',$#&%-'&.)

,%3*$()K.) -',1'*-*&$',.) -')%#$%)'%/$*)%,#1**),1//3'-&-$*)5"-0$)%0*1)+#$7$'&-'9)

difficulties experienced by stakeholders in describing areas of interest on a map.

O$$(-'9) K%,P) N6M) 13&,1/$*) &1) 01,%0) *&%P$"10($#*) -*) $**$'&-%0) <1#) &"$) ($*-9') %'()

-/+0$/$'&%&-1')1<) *3,,$**<30)/%'%9$/$'&D)G$<1#$) ,1//3'-,%&-'9)%'.)13&,1/$*)

<1#) %(%+&-7$) /%'%9$/$'&) +3#+1*$*:) #$*$%#,"$#*) *"130() -($'&-<.) -<) &"$) %(%+&-7$)

/%'%9$/$'&) <#%/$51#P) -*) +%**-7$) T-D$D:) &"$) /%'%9$/$'&) *&#%&$9.) -*) *10$0.)
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taking the influence of intervention on resources into account) or active (i.e., the 

/%'%9$/$'&)*&#%&$9.)%'&-,-+%&$*)&"$)-/+%,&)1<)-'&$#7$'&-1')1')0$%#'-'9)%*)5$00)%*)

&"$)#$*13#,$)K$-'9)/%'%9$(m)F-00-%/*:)UV``XD)2-7$')&"$),1/+0$i-&.)1<)*"%#P)N6M*:)

#$*$%#,"$#*)*"130()(-*&-00)&"$-#)/$**%9-'9)&1),#-&-,%0)&"$/$*)%'()-($'&-<.)%++#1+#-%&$)

,1//3'-,%&-1') &110*) &1) &#%'*/-&) %**$**/$'&) 13&,1/$*D A3#) *&3(.) "-9"0-9"&*) &"$)

importance of local stakeholder involvement to facilitate effective communication. 

;')%((-&-1':)13&,1/$*) <#1/)*"%#P)N6M*)*"130()K$),1//3'-,%&$() -')%)5%.) &"%&) -*)

accessible to local stakeholders (e.g., limited use of scientific jargon, using the correct 

01,%0) 0%'93%9$)1#) (-%0$,&:) %'()3*-'9)(%&%) 7-*3%0-R%&-1') &110*XD)L30&-+0$) #$*$%#,"$#*)

-'(-,%&$()&"%&)#$1,,3##-'9)/$$&-'9*)$'%K0$()*&%P$"10($#*)&1)K$),01*$0.)-'7107$()-')

&"$) +#1,$**:) *&-/30%&-'9) -'<1#/%&-1') 3+&%P$) %'() +1*-&-7$0.) -/+%,&-'9) &"$)/3&3%0)

#$0%&-1'*"-+)K$&5$$')#$*$%#,"$#*)%'()*&%P$"10($#*D

Figure 10.4)=3//%#.)1<)&"$)/1*&)-/+1#&%'&)*&3(.)13&,1/$*D)!"$),100$,&-1')1<)P$.)-'<1#/%&-1')
differs among value chain links (i.e., fishers, mid-chains, end-sellers, consumers). The holistic 
7%03$) ,"%-') %++#1%,") ,17$#*) %00) &"#$$) +-00%#*) 1<) *3*&%-'%K-0-&.) -') ,1/+%#-*1') &1) &#%(-&-1'%0)
fishery assessments, which focus on environmental aspects. Key considerations are given for 
$%,")*&$+)-')%)*"%#P)N6M:)-',03(-'9)P$.)-'<1#/%&-1')&1)-',03($)-')&"$)*3#7$.)($*-9'D)M(%+&$()
<#1/)Q#3-H**$'),$)+-3)TUVUVXD

O-*"$#-$*)%#$) ,1/+0$i) *1,-%0]$,1019-,%0) *.*&$/*) -')5"-,") &"$)$,1019.)1<) *+$,-$*) -*)

intertwined with the socio-cultural and economic aspects of the fishery, including 
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!"

trade in fishery commodities (Booth ,$)+-3)UV`ZXD)C$&#-$7-'9)%)/%'%9$/$'&]#$0$7%'&)

assessment of fishery VCs requires a paradigm shift in how stakeholders and social-

$'7-#1'/$'&%0)*.*&$/*)%#$)-',03($()-')*3#7$.*D)!"$)/17$)&1)-',03($)%),0$%#$#)7-$5)

1<) &"$) *1,-%0]$,1019-,%0) *.*&$/) $i+%'(*) &"$) %**$**/$'&) &1) K$) /1#$) %P-') &1) &"$)

ecosystem approach to fisheries (FAO, 2003) rather than a traditional stock-centered 

%**$**/$'&) TO-93#$) `VDWXD) 61/+%#$() &1) &"$*$) ,1'7$'&-1'%0) *&1,P) %**$**/$'&*:)

+$#*+$,&-7$*)-'<1#/$()K.)N6M),17$#)%)K#1%($#)%##%.)1<)*1,-1]$,1'1/-,)$0$/$'&*)&"%&)

are often drivers of the fishery (Rosales ,$)+-3)UV`[XD)!"-*)K#1%($'-'9)1<)+$#*+$,&-7$*)

provides vital information on the reasons for fishing and trade, how commodities are 

+#1,$**$(:)K139"&)%'()*10(:)5"$#$)5%*&%9$*)%'(),1//1(-&.)+#$*$#7%&-1')1,,3#:)%'()

information on traditions and cultural aspects that influence commodity acquisition, 

%00)1<)5"-,")%#$)1++1#&3'-&-$*)<1#)/%'%9$/$'&)-'&$#7$'&-1'*)TO-93#$)`VDWX)TC1*%0$*),$)

+-3)UV`[:)G11&"),$)+-3)UV`Z:)Q#3-H**$'),$)+-3)UVUVXD

5.(91/&,.(
Shark fisheries and associated value chains are complex, involving interactions 

K$&5$$') *1,-1],30&3#%0:) $,1'1/-,) %'() $,1019-,%0) *.*&$/*D) !"$*$) %*+$,&*) '$$() &1)

K$)#$,19'-R$()<1#)+10-,.)%'()/%'%9$/$'&)($7$01+/$'&)&1)"%7$)&"$)K$*&),"%',$)1<)

being effective. This study outlines lessons learned by shark VCA researchers, and we 

($*,#-K$)&"$)EK$&&$#J)T5"%&)&1)(1X)%'()E+11#J)T5"%&)'1&)&1)(1X)+#%,&-,$*)-')*"%#P)N6M*)

conducted by research groups from five continents. Shark VCAs could provide a holistic 

%++#1%,")&1)&"$)%(%+&-7$)/%'%9$/$'&)1<)*"%#P)+1+30%&-1'*D)L1*&)-/+1#&%'&0.:)*"%#P)

VCA assessments offered insights into the other causes of (over)exploited stocks (e.g., 

the underlying socio-economic system of shark fisheries), in addition to assessing 

the relative status and resilience of the fishery. Recommendations presented here 

,%')%**-*&)/%'%9$#*:)#$*$%#,"$#*:)%'()*&%P$"10($#*)-')*&#$%/0-'-'9)&"$),100$,&-1')1<)

essential information for adaptive management of shark fishery and trade across 

fishery VCs, ultimately conserving shark populations more effectively.

;9%(.T12)NU2(4&
!"-*)51#P)5%*) *3++1#&$()K.) &"$)OMA) #$930%#)+#19#%/:) &"$) a%+%'$*$)217$#'/$'&)

(“Biodiversity mainstreaming for sustainable fisheries”, part of GCP/GLO/173/

aY@X:),100%K1#%&-1')%'() -'7$*&/$'&)K.)&"$)6;!8=)=$,#$&%#-%&)%*)5$00)%*)%)>@)&1)>@)

+#1H$,&) <3'($()K.) &"$)83#1+$%')>'-1') T8Yj;@!j__Wj>8Y:) k6;!8=]OMA)6100%K1#%&-1')

&1) =&#$'9&"$') &"$) 6%+%,-&.) 1<) ?$7$01+-'9) 613'&#-$*) &1) 8'*3#$) &"$) =3*&%-'%K-0-&.:)

4$9%0-&.)%'()!#%,$%K-0-&.)1<);'&$#'%&-1'%0)!#%($)-')6;!8=]0-*&$()=+$,-$*:)5-&")%)O1,3*)

1')61//$#,-%00.]8i+01-&$()Mn3%&-,)=+$,-$*lXD
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;') &"-*) &"$*-*:) ;) $i%/-'$) &"$)(-7$#*-&.)%'()$,1019-,%0) #10$*)1<) *"%#P*)%'() #%.*) T-D$D:)

elasmobranchs) in intertidal areas and the impact of fi sheries on these vulnerable 

*+$,-$*D) O1#) &"-*:) ;) <1,3*$()1') &"$) &51) 0%#9$*&) -'&$#&-(%0) %#$%*) -') &"$)F$*&)M<#-,%')

#$9-1':) &"$) G%',) (JM#93-') %'() &"$) G-H%9I*) M#,"-+$0%91) T*+,( *XD) O3#&"$#/1#$:) 5$)
($&$#/-'$()93-($0-'$*)1')"15)&1)-',1#+1#%&$)*"%#P)%'()#%.)$,1019.)-'&1)%#$%]K%*$()

management and how best to map the socioeconomics of shark fi sheries to improve 

&"$)/%'%9$/$'&)1<)&"$*$),1/+0$i)*.*&$/*D)

In this chapter, I aim to discuss our fi ndings in the broader context of intertidal and 

,1'*$#7%&-1') $,1019.D) Figure 11.1) +#17-($*) %') 17$#7-$5) 1<) &"$) -'&$#%,&-1'*) %'()
+#1,$**$*) &"%&) ;)(-*,3**) -') &"-*) ,"%+&$#) T-D$D:) $0,) -,$$,&2) %#) !%(1&,)``3`) /"&&,25"#7) $")

2,/$%"#)$%$-,2)"9)$0%2)/0+5$,&XD);)K$9-')K.)$i+01#-'9)&"$)-/+%,&)1<)-'(3*&#-%0)%'()*/%00]*,%0$)

fi sheries on elasmobranchs in the West African region and provide recommendations 

<1#)$'"%',$(),1'*$#7%&-1')%'()/%'%9$/$'&)1<) *"%#P)+1+30%&-1'*D) ;) &"$')(-*,3**)

"15) -'&$#&-(%0)/$*1+#$(%&1#*) -'&$#%,&) -') &"$) -'&$#&-(%0:) &"$) +0%3*-K-0-&.) 1<) &#1+"-,)

cascades, and briefl y discuss the consequences of a combined loss of shorebirds and 

$0%*/1K#%',"*)<#1/)-'&$#&-(%0)%#$%*D)O-'%00.:);)(-*,3**)&"$)%#$%]K%*$(),1'*$#7%&-1')

1<)$0%*/1K#%',"*)-')&"$)-'&$#&-(%0)%'()"15)&"-*)*"130()K$)-',03*-7$)1<)&"$) E"3/%')

(-/$'*-1'*J)1<)*"%#P)%'()#%.),1'*$#7%&-1'D
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Figure 11.1)A7$#7-$5)1<)-'&$#%,&-1'*)%'()+#1,$**$*)(-*,3**$()-')&"-*),"%+&$#)-')&"$),1'&$i&)1<)
intertidal area functioning and connectivity: The impact of industrial (A) and small-scale fi sheries 
(B); The diff erences in elasmobranch diversity between my study areas (C); Trophic niche overlap 
K$&5$$')-'&$#&-(%0)/$*1+#$(%&1#*)T?Xm)-'&#%93-0()-'&$#%,&-1'*)-',03(-'9)'-,"$)+%#&-&-1'-'9)%'()
,1/+$&-&-1')T8Xm)-'&#%93-0()+#$(%&-1')TOXm)%'()<%,-0-&%&-1')K$&5$$')-'&$#&-(%0)+#$(%&1#)93-0(*)T2Xm)
&"$)+0%3*-K-0-&.)1<)&#1+"-,),%*,%($*)(3$)&1)/%#-'$)/$*1+#$(%&1#)#$/17%0)TcXm)&"$),1'*$#7%&-1')
1<)-'&$#&-(%0)%#$%*)<1#)K1&")%7-%')%'()/%#-'$)*+$,-$*)T;Xm)%'()&"$)-/+1#&%',$)1<)-',03(-'9)01,%0)
communities in these eff orts (J). I,$$,&2)-%#8)$")2,/$%"#)$%$-,2)%#)$0%2)/0+5$,&3
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I,&"2$,2&
The West African region is considered to be one of the most productive fi shing 

9#13'(*) -') &"$) 51#0() TG#%"%/) ,$) +-3) UV`WX:) 5"$#$) *$%*1'%0) 3+5$00-'9) ,%3*$*) %)

high abundance of (small) pelagic fi sh (e.g., sardines, sardinella, shads, mackerels). 

!"-*)"-9")+#1(3,&-7-&.)*3++1#&*)%)(-7$#*-&.)1<)/%#-'$)%'()%7-%')+#$(%&1#*)K3&)%0*1)

attracts fi sheries from all over the world (Braham ,$)+-3)UV`W:)2#$,-%'),$)+-3)UV`^XD)

Here, I discuss the interactions between industrial and small-scale fi sheries and the 

/17$/$'&)$,1019.)1<)*"%#P*)%'()#%.*D)M*)*"%#P*)%'()#%.*)3*$),1%*&%0)%#$%*)%&)0$%*&)

for part of their lifecycle, some species may only interact with small-scale fi sheries 

1+$#%&-'9)5-&"-') &"$*$) ,1%*&%0) %#$%*D) ;') ,1'&#%*&:) 1&"$#) *+$,-$*)/%.) -'&$#%,&)5-&")

both small-scale and industrial fi sheries during their lifecycle (Figure 11.2XD

Figure 11.2 A conceptual overview of the overlap between fi sheries and shark and ray 
movements in the West African region. (A) Industrial fi sheries concentrated on the continental 
*"$0<) T#$(m)(%&%) <#1/)6"%+&$#)UX)17$#0%+)5-&")1'&19$'$&-,)1#)*$%*1'%0)/17$/$'&*)1<)*"%#P*)
3*-'9) &"$)G%',)(JM#93-')%'()G-H%9I*)M#,"-+$0%91) T9#$$'X)(3#-'9) &"$-#) 0-<$),.,0$D)O1#)$i%/+0$:)
&"$) %7$#%9$) 01'9](-*&%',$)/17$/$'&) T*/%00) (%*"$() ,-#,0$m) t`WVP/:)?-$/$#),$) +-3) UV``X) %'()
/%i-/3/)01'9](-*&%',$)/17$/$'&)T0%#9$)(%*"$(),-#,0$m)t`^VVP/:)Q1"0$#)%'()!3#'$#)UVV`X)1<)
&"$)*,%001+$()"%//$#"$%()*"%#P)T<50'&#+)-,Z%#%X)%#$)*"15')T9#$.)%##15*:),1',$+&3%0XD)TGX)?%-0.)
*"%#P)%'() #%.)/17$/$'&*) T9#$.)%##15*:) ,1',$+&3%0X)17$#0%+)5-&"-') &"$*$),1%*&%0)%#$%*)5-&")
small-scale fi sheries. Gear types such as gill nets are placed on or alongside intertidal fl ats (light 
brown) or to close off  gulley networks (red), interfering with the tidal movement of sharks and 
#%.*)3*-'9)-'&$#&-(%0)"%K-&%&*)T9#$.)%##15*:),1',$+&3%0XD
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Industrial fisheries and regional movements of sharks and rays 
(A)
Currently, more than half of the ocean’s surface area is fished by industrial fisheries 

TQ#11(*/%),$)+-3)UV`\XD);')!"#$%&'(6, we show that industrial fisheries have increased 

in both extent and fishing time (effort) over the past decades and are concentrated 

1') &"$) K1#($#) 1<) ,1%*&%0) %#$%*) 5-&"-') &"$) F$*&) M<#-,%) #$9-1'D) !"$) -',#$%*$) -')

industrial fisheries throughout the West African region is caused by an increased 

($/%'()<1#)*$%<11(:)($7$01+-'9)-'&$#'%&-1'%0)/%#P$&*:)%'()&$,"'1019-,%0)%(7%',$*)

T$D9D:)<#$$R$#)&#%50$#*XD)=&#-,&$#)/%'%9$/$'&)-')&"$)5%&$#*)1<)($7$01+$()'%&-1'*)%'()

O-*"-'9)Y%#&'$#*"-+)M9#$$/$'&*)5-&")0$**)($7$01+$(),13'&#-$*),%3*$()(-*&%'&]5%&$#)

fleets to operate far from their countries of origin. These distant-water fleets often 

operate in the waters of countries with lower capacities for fisheries management 

%'()$'<1#,$/$'&)TF1#/),$)+-3)UVVZ:)2%9$#')%'()7%')($#)G$#9")UV`_XD)F$)*"15)&"%&)

these industrial fisheries operating in the waters of Mauritania and Guinea-Bissau 

,%&,")%)0%#9$)'3/K$#)1<)*"%#P*)%'()#%.*)T!"#$%&'(6XD)!"-*)-*)%0*1)*3++1#&$()K.)$%#0-$#)
*&3(-$*)&"%&)($&$#/-'$()&"%&)"%//$#"$%()*"%#P*)/%P$)3+)WUq)1<)%00)/$9%<%3'%)

K.,%&,")TB$$K$#9),$)+-3)UVV^XD)

L1K-0$) *+$,-$*) 0-P$) &"$) *,%001+$() "%//$#"$%() *"%#P) T<50'&#+) -,Z%#%X) ,%') /17$)

17$#)01'9)(-*&%',$*D)="%#P*)1<)3+)&1)ZD^).$%#*)10()%0#$%(.)3'($#&%P$)01'9](-*&%',$)

/17$/$'&*)1<)3+)&1)`WV)P/)T?-$/$#),$)+-3)UV``X:)5-&")/%i-/3/)#$,1#($()(-*&%',$*)

1<) 17$#) `:^VV) P/) TQ1"0$#) %'() !3#'$#) UVV`XD) !"-*) *+$,-$*) +#1K%K0.) 17$#0%+*) 5-&")

industrial fisheries operating on the border of these coastal areas once it undertakes 

*$%*1'%0)1#)1'&19$'$&-,)/-9#%&1#.)/17$/$'&*)%5%.)<#1/),1%*&%0)%#$%*)T?%0.]8'9$0)

,$)+-3)UV`Um)Figure 11.2AXD)!"$)*,%001+$()"%//$#"$%()*"%#P)-*)'15)901K%00.),#-&-,%00.)
$'(%'9$#$()TC-9K.),$)+-3)UV`ZXD)!"$*$)*+$,-$*)3*$),1%*&%0)%#$%*)(3#-'9)+%#&)1<)&"$-#)

life cycle and, in addition, may also face intensified small-scale fisheries. 

Small-scale fisheries and local movements of sharks and rays 
(B)
?3#-'9) &"$-#)$%#0.) 0-<$)*&%9$*:)/1K-0$)*+$,-$*) 0-P$)"%//$#"$%()*"%#P*)/1*&0.)*&%.)

5-&"-'),1%*&%0)%#$%*)TB%'$00%),$)+-3)UV`Z:)61#91*)%'()C1*$'($]Y$#$-#1)UVUUXD)=/%00$#)

%'()0$**)/1K-0$)*+$,-$*)/%.)*+$'()&"$-#)$'&-#$)0-<$),.,0$)-'),1%*&%0)5%&$#*)TQ'-+),$)+-3

2010). Sharks and rays interact more with small-scale coastal fisheries than industrial 

fisheries in these coastal areas. We show that these fisheries have increased rapidly 

17$#)&"$)+%*&)($,%($*)-')&"$)G%',)(JM#93-')T!"#$%&'(7X)%'()&"$)G-H%9I*)M#,"-+$0%91)
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T!"#$%&'(8). In terms of fishing effort, the number of fishing days per year in the Banc 

(JM#93-')"%*)/1#$)&"%')(13K0$()K$&5$$')`ZZ\)%'()UVUV)T!"#$%&'(7XD)L$%'5"-0$:)
the number of fishing vessels in the Bijagós Archipelago increased by more than 

WWVq)K$&5$$')UVV[)%'()UVUU)T!"#$%&'(8XD);')K1&")%#$%*:),%&,"$*)1<)*"%#P*)%'()#%.*)
"%7$) -',#$%*$()17$#) &"$)+%*&) ($,%($*) -') #$*+1'*$) &1) %) "-9"$#) ($/%'() <1#) *"%#P)

fins (international trade) and shark and ray meat (regional and local markets). Our 

*&3(-$*) *"15) ,1',$#'-'9) ($,0-'$*) 1<) *"%#P) %'() #%.) +1+30%&-1'*) -') K1&") &"$) G%',)

(JM#93-')T!"#$%&'(7X)%'()&"$)G-H%9I*)M#,"-+$0%91)T!"#$%&'(8X:)5-&")($,0-'$*)#%'9-'9)
K$&5$$')bV]ZVq)%'()\U]Z[q:)#$*+$,&-7$0.D)

=/%00]K1(-$()1#).13'9)*"%#P*)%'()#%.*)3*$),1%*&%0)T-'&$#&-(%0X)%#$%*)%*)<$$(-'9)%'()

#$<39$)%#$%*)T!"#$%&'(B:)Q'-+),$)+-3)UV`VX:)%'()&"$-#)/17$/$'&*)%#$)/%-'0.)%**1,-%&$()
5-&")&"$)&-($)T$D9D:)M,P$#/%'),$)+-3)UVVV:)61'#%&")%'()L3*-,P),$)+-3)UV`V:)Q%''1),$)+-3

2019). Small-scale fisheries use these tidal movements to increase catches by placing 

fishing gear on or along intertidal flats or closing off tidal channels (Figure 11.2BXD)
!"$)"%K-&%&)%7%-0%K-0-&.)<1#)&"$*$)/%#-'$)+#$(%&1#*)#$(3,$*)#%+-(0.)5-&")&"$)#$,$(-'9)

tide, driving these species into fishing gear placed alongside or in intertidal habitats. 

Although an effective fishing method, closing entire tidal channels or gulleys with 

fixed gillnets leaves little to no escape for non-targeted shark and ray species, making 

&"$-#)K.,%&,")-'$7-&%K0$D)=-/-0%#0.:)&"$)*3#7-7%K-0-&.)1<)K.,%&,")-*),1/+#1/-*$()5"$')

&"$*$)9$%#)&.+$*)%#$)+0%,$()-')-'&$#&-(%0)"%K-&%&*)&"%&)%#$)$i+1*$()(3#-'9)015)&-(%0)

+"%*$*D)F"-0$)&"-*)/%.)'1&)K$)%)+#-/%#.),1',$#')<1#)&%#9$&$()*+$,-$*:)-&)(-/-'-*"$*)

&"$),"%',$*)1<)0-7$)#$0$%*$)%'()*3#7-7%0)1<)730'$#%K0$)K.,%&,")*+$,-$*D

!"%"5&@&%*'#&-+@@&%)"*$+%,
Mobile sharks and rays interact with small-scale and industrial fisheries throughout 

&"$-#)0-<$),.,0$)-')&"$)F$*&)M<#-,%')#$9-1')TFigure 11.2XD)M0&"139")$0%*/1K#%',"*)%#$)
mostly considered bycatch, these interactions with fisheries caused severe declines in 

their abundance. However, whether industrial or small-scale fisheries are the biggest 

&"#$%&) &1) *"%#P*) %'() #%.*) 3*-'9) -'&$#&-(%0) %#$%*) ($+$'(*)/1*&0.) 1') &"$) -'&$#+0%.)

between the spatiotemporal distribution of fisheries and the movement ecology 

1<) &"$*$)*+$,-$*D)!"$)($9#$$)1<)/17$/$'&) -*)*+$,-$*])%'() 0-<$]*&%9$)($+$'($'&) -')

$0%*/1K#%',"*)T=+$$(),$)+-3)UV`VXD)G%*$()1')13#)#$*$%#,"),1'(3,&$()17$#)&"$)+%*&)

.$%#*:);)($*,#-K$)#$,1//$'(%&-1'*)&1)-/+#17$)&"$)/%'%9$/$'&)1<)*"%#P*)%'()#%.*)

TTable 11.1XD
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C$930%&-1'*) <1#) *"%#P*) %'() #%.*) &"%&) +#1"-K-&) &%#9$&$() $0%*/1K#%',") ,%&,"$*) %'()

prohibit the use of monofilament nets exist in both Mauritania and Guinea-Bissau. 

These are included in management plans for fisheries, marine protected areas (MPAs) 

1#)@%&-1'%0)M,&-1')Y0%'*)<1#)="%#P*D)c15$7$#:)&"$*$)#$930%&-1'*)%#$)+11#0.)$'<1#,$()

%'()5-($0.)(-*#$9%#($(D)!"$*$)#$930%&-1'*)*"130()K$)$i+%'($()5-&")#$&$'&-1')K%'*)

on the most critically endangered species (e.g., hammerhead sharks and guitarfishes; 

o%'),$)+-3)UVU`X:)%'()&"$-#)0-7$)#$0$%*$)*"130()K$)$',13#%9$()TTable 11.1XD)4-7$)#$0$%*$)
of guitarfish is feasible due to their relatively high survival rate (Pytka ,$)+-3)UVU_XD)!"$)

$,1019.)1<)&"#$%&$'$()$0%*/1K#%',"*)/3*&)K$),1'*-($#$()-')%#$%]K%*$()/%'%9$/$'&)

strategies. This includes accounting for the different conservation needs of small-

K1(-$()%'()0%#9$]K1(-$()*+$,-$*)-')LYM)($*-9')TBox F, Table 11.1XD)M0&"139")*/%00]
scale MPAs may effectively conserve small-bodied elasmobranch species or species 

with a high site fidelity (Barnett ,$)+-3)UV`U:)o%&$*),$)+-3)UV`^X:)/1K-0$)0%#9$]K1(-$()*+$,-$*)

#$n3-#$) 0%#9$#)LYM*) 5-&") ,1''$,&-7$) ,1##-(1#*) ,17$#-'9) &"$-#)/17$/$'&*) K$&5$$')

different habitats (Hooker ,$)+-3)UV``:)F"-&$),$)+-3)UV`[:)?%0.),$)+-3)UV`\:)2%00%9"$#),$)

+-3)UVUVXD)M#$%]K%*$()/%'%9$/$'&)*&#%&$9-$*)*"130()%0*1)-',03($)*$%*1'%0),01*3#$*)1#)

the reduction of fishing effort in areas with high elasmobranch abundance (e.g., the 

high catches of newborn blackchin guitarfish A-+1/"2$,(12)/,*%/1-12) -')K$%,")*$-'$*)

'$%#)/%'9#17$*)-')&"$)G-H%9I*:)*+,(9X)TTable 11.1XD)63##$'&0.:)$'"%',$()/%'%9$/$'&)
strategies for elasmobranchs are hampered by the lack of species-specific information 

from industrial fisheries and overall landing data of small-scale fisheries. As such, 

strengthening local research capacity may ensure long-term fisheries monitoring to 

,1'&#-K3&$)&1)&"$)%(%+&-7$)/%'%9$/$'&)1<)*"%#P*)%'()#%.*D)

Diversity and Life History (C)
Despite their different intertidal habitats (i.e., seagrass meadows versus mangroves), 

&"$)G%',)(JM#93-')%'()&"$)G-H%9I*)M#,"-+$0%91)"1*&)#$0%&-7$0.)*-/-0%#)$0%*/1K#%',")

#-,"'$**D)F$)*"15)&"%&) &"$)*%/$)*+$,-$*)%#$)%/1'9*&) &"$)/1*&),%+&3#$()*+$,-$*)

-') K1&") %#$%*S) &"$) /-0P) *"%#P) TC0%="5&%"#"7"#) +/1$12X:) *,%001+$() "%//$#"$%()

shark, blackchin guitarfish (A-+1/"2$,(12) /,*%/1-12X:) %'() &"$) 43*-&%'-%') ,15'1*$)

#%.) TC0%#"5$,&+) *+&(%#+$+X) T!"#$%&'5( 7Q@XD) c15$7$#:) %0&"139") *+$,-$*) #-,"'$**) -*)
relatively similar, the areas differ in their elasmobranch community composition. For 

$i%/+0$:)&"$)/1*&)%K3'(%'&)*+$,-$*)-')&"$)G-H%9I*)-*)&"$)+$%#0)5"-+#%.)T!"#$%$&'("#)

*+&(+&%$,--+X:)%)*/%00)#%.)*+$,-$*)T!"#$%&'(@X)&"%&),1'*&-&3&$*)%++#1i-/%&$0.)VD`q)1<)
/1'&"0.)$0%*/1K#%',"),%&,"$*)-')&"$)G%',)(JM#93-')T!"#$%&'(7XD)F$)($&$#/-'$()&"%&)
&"-*)*+$,-$*)-*)%)<%*&]9#15-'9)%'()$%#0.]/%&3#-'9)*&-'9#%.)*+$,-$*)T!"#$%&'(AX)%'()-*)
0-P$0.),%+%K0$)1<)#$0%&-7$0.)<%*&)+1+30%&-1')9#15&")%'()#$,17$#.)%<&$#)$i+01-&%&-1'D)
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Table 11.1 A7$#7-$5)1<)<1,3*)+1-'&*)<1#)-/+#17$()/1'-&1#-'9)%'()/%'%9$/$'&)1<)-'(3*&#-%0)
and small-scale fisheries within the West African region. Colors indicate the theme of each 
<1,3*)+1-'&) T9#$$')r) -/+#17$()(%&%) ,100$,&-1':) 1#%'9$)r) ,%&,") *$0$,&-7-&.:) K03$)r) %#$%]K%*$()
management, yellow = regulating fishing effort, gray = other).

405"&'0&5 Recommendation LT*- *-
Industrial/

offshore
Species-specific data collection of shark and ray bycatch. à à
L%'(%&1#.)3*$)1<)K.,%&,")($&$##$'&*)1#)9$%#)%(H3*&/$'&*)&1)
-',#$%*$)*$0$,&-7-&.D

à à

8'<1#,$)+#1"-K-&-1')1<)&%#9$&$()*"%#P),%&,"$*D à à
2$'$#%0)#$&$'&-1')K%'*)1<)*+$,-$*)1')%)+#1"-K-&$()*+$,-$*)0-*&D à à
=$%*1'%0),01*3#$*)1<)%#$%*)5-&")"-9")*"%#P)%'()#%.),%&,"$*)1#)
$,1019-,%00.)-/+1#&%'&)%#$%*D

à à

M),1'*$#7%&-1'),1##-(1#)0-'P-'9),1%*&%0)%#$%*)5-&")+$0%9-,j($$+]
5%&$#)"%K-&%&*)T$D9D:)%01'9)/-9#%&1#.)*5-/5%.*XD

à à

Incorporate/improve the financial contribution of Fisheries 
Y%#&'$#*"-+)M9#$$/$'&*)&1)*&#$'9&"$')01,%0)/1'-&1#-'9)%'()
$'<1#,$/$'&),%+%,-&.)%'()&"$),1'*$#7%&-1')1<)+#1&$,&$()%#$%*D

à à

;/+0$/$'&%&-1')%'()$'<1#,$/$'&)1<)*"%#P)%'()#%.),%&,")n31&%D à à
G%')&#%'**"-+/$'&)1<),%&,"$*)&1)#$(3,$)17$#%00),%&,"),%+%,-&.)
%'()-/+#17$)&#%'*+%#$',.D

à

Small-scale/
coastal

Improve data collection on small-scale fisheries on a species-
specific level and with spatial information of catches.

à

?$&$#/-'$)%'()$'*3#$)$n3%0-&.)%,#1**)&"$)7%03$),"%-')1<)
fisheries commodities.

à à

Restrict or adjust fishing gears with high shark and ray catches 
&1)-/+#17$)*$0$,&-7-&.D

à à

;'*&%&$)#$&$'&-1')K%'*)%'()/%P$)&"$)0-7$)#$0$%*$)1<)*"%#P*)
%'()#%.*)/%'(%&1#.D)!"-*)*"130()K$)K%*$()1')%)'%&-1'%0)0-*&)1<)
+#1"-K-&$()*+$,-$*D

à à

8'<1#,$)+#1&$,&$()%#$%)K13'(%#-$*)%'()$i&$'()5-&"),1''$,&-7$)
,1##-(1#*D

à à

Restrict or limit the use of specific fishing gear in intertidal 
"%K-&%&*)T-D$D:)'1)*3#7-7%K-0-&.)(3$)&1)$i+1*3#$X)1#)&"$),01*-'9)1<)
&-(%0),"%''$0*)T-D$D:)%0015)$*,%+$XD

à à

Reduce overall fishing effort by limiting the number of active 
fishing vessels (i.e., preventing intrusion by illegal/foreign 
vessels) and/or gear-specific restrictions (e.g., limiting trip 
(3#%&-1'*)%'(j1#)'$&)0$'9&"*XD

à

General Improved fishery-dependent data collection and documentation 
K.)*&#$'9&"$'-'9)#$*$%#,"),%+%,-&.D

à

?$&$#/-'$)&"$)-/+1#&%',$)1<)*"%#P*)%'()#%.*)&1)01,%0)%'()
#$9-1'%0)<11()*$,3#-&.)%'()$'*3#$)$n3%0-&.)-')&#%($)T$D9D:)K1&")
offshore and coastal resources benefit the local economy and 
<11()*$,3#-&.XD

à

Minimize Illegal, Unreported, and Unregulated (IUU) fisheries by 
*&#$'9&"$'-'9)/1'-&1#-'9)%'()$'<1#,$/$'&),%+%,-&.D

à à

;/+0$/$'&%&-1')1<)-'&$#'%&-1'%0)T&#%($X),1'7$'&-1'*)T$D9D:)6;!8=XD à à
?%&%),100$,&-1' =$0$,&-7-&. M#$%]K%*$( Fishing effort

In the Bijagós, this species feeds on intertidal flats in large numbers as a mesopredator 

and probably also plays a vital role in shaping these flats due to their high abundance 
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T!"#$%&'(EXD)?$'*$)-'&$#&-(%0)*$%9#%**)K$(*)%'()+%&,"$*)1<)&"$)0%#9$)K011(.),1,P0$)
T<,#%-%+)2,#%-%2X)-')&"$)G%',)(JM#93-')/%.)K$)0$**)<%71#%K0$)<1#)&"-*)*/%00:)*1<&]*$(-/$'&)

mesopredator, which may explain these differences. In other soft-bottom areas 

&"#139"13&)-&*)#%'9$:)&"$)+$%#0)5"-+#%.)-*)1'$)1<)&"$)/1*&),1//1')#%.)*+$,-$*)T$D9D:)

L11#$),$)+-3) UV`ZXD)c15$7$#:) &"$) 015$#)%K3'(%',$)1<) &"$)+$%#0)5"-+#%.)/%.)%0*1)

be explained by a difference in fisheries: this species is often caught in beach seine 

fisheries, which is uncommon in the Banc d’Arguin (Lemrabott ,$)+-3)UVU_%:)UVU_KXD)

!"-*) 3'($#0-'$*) &"$) #-*P) 1<) #$,1'*&#3,&-'9) $,1019-,%0) ,1//3'-&.) ,1/+1*-&-1')1'0.)

based on fishery-dependent data (!"#$%&'(@m)=&%##),$)+-3)UV`V:)!$**-$#),$)+-3)UV`^XD

In addition to the difference in benthic stingrays, the Banc d’Arguin has a higher 

1,,3##$',$)1<)*"%#P)*+$,-$*D)=+$,-$*)*3,")%*)&"$)K%#K$0$()"13'(*"%#P)TI,5$"/0+&%+2)

2*%$0%%X)%'()M&0%'&-,)5$%*$0)*"%#P)TE+&+(+-,12)5,/$"&+-%2X)%#$)#$0%&-7$0.),1//1')%/1'9)

,%&,"$*:)5"-,")#$*+$,&-7$0.)"%7$)1'0.)K$$')#$,1#($()1',$)%'()'1&)%&)%00)-')&"$)5%&$#*)

1<)&"$)G-H%9I*)T!"#$%&'(@XD);')%((-&-1':)&51)#%.)*+$,-$*)*$$/)&1)K$)/3,")/1#$),1//1')
in the Banc d’Arguin: the large spiny butterfly ray (A'*#1&+)+-$+B,-+X)%'()&"$)/%#K0$()

*&-'9#%.)T>+2'+$%2)*+&*"&+$+XD)!"$)0%&&$#)5%*)1'0.)($&$,&$()%&)1'$)01,%&-1')-')&"$)G-H%9I*)

3*-'9)%')$?@M)%++#1%,")T!"#$%&'(@). It is important to note that these differences are 

possibly (partly) caused by the difference in the monitoring effort of landing sites. The 

fisheries observer program in the Banc d’Arguin was started in 1998 (!"#$%&'(7XD);')
contrast, there is no ongoing catch monitoring of small-scale fisheries operating in the 

G-H%9I*)T5$)*&%#&$()%)`V]/1'&")+-01&)*3#7$.)-')UVU`:)!"#$%&'(8XD)!"$#$<1#$:)&"$#$)-*)
%0/1*&)'1)K%*-,) -'<1#/%&-1')1')*+$,-$*)%'()0-<$)*&%9$)1,,3##$',$)1<)$0%*/1K#%',"*)

-')&"$)G-H%9I*D);)($*,#-K$)-/+1#&%'&)'$5)1K*$#7%&-1'*)/%($)17$#)&"$)+%*&)<13#).$%#*)

5"-0$)*&3(.-'9)*"%#P*)%'()#%.*)-')&"$)G-H%9I*)M#,"-+$0%91)&"%&)"%7$)'1&)K$$')+3K0-*"$()

$0*$5"$#$)T*+,(9). These observations highlight the data deficiency of elasmobranch 

*+$,-$*)5-&"-')&"$)#$9-1':)$*+$,-%00.),#.+&-,)%'()#%#$)*+$,-$*)*3,")%*)&"$)<%0*$)*"%#P)#%.)

TC0'#/0"&0%#+)*+1&%$+#%,#2%2) and African wedgefish (C0'#/0"L+$12)-1,LL,&$%XD)

We show that the presence of some species in the Bijagós differs across the rainy and 

(#.)*$%*1'*)T!"#$%&'(@). In addition, the seasonal difference in regional upwelling of 

the Canary Current off the Banc d’Arguin influences the presence of marine species 

-') &"$) #$9-1') T4%&"3-0-ê#$),$) +-3) UVV\:)G#%"%/),$) +-3) UV`W:)2#$,-%'),$) +-3) UV`^XD) O1#)

example, catches of the Lusitanian cownose ray within the Banc d’Arguin differ 

%,#1**)*$%*1'*)T!"#$%&'(7). Seasonal differences in species presence and abundance 

0$%()&1)*$%*1'%0)$0%*/1K#%',"),1/+1*-&-1')*"-<&*)T!"#$%&'(@XD)M*)%)#$*30&:)&"$)&1+]
down effects of these predator species on lower trophic levels and the strength of 

-'&$#%,&-1'*)5-&")1&"$#)T-'&$#&-(%0X)/$*1+#$(%&1#*)/%.)&$/+1#%#-0.),"%'9$D



U_Z

!"#"$%&'()*+,**)-#

!!

!729,2&':(42$#94,.(&
Intertidal habitat use and niche overlap (D)
F$)($*,#-K$)"15)7%#-13*)*"%#P)%'()#%.)*+$,-$*)3*$)-'&$#&-(%0)%#$%*)51#0(5-($)%'()

"-9"0-9"&)&"%&) -&) -*)+#-/%#-0.)*/%00]K1(-$()%'()$%#0.) 0-<$)*&%9$)$0%*/1K#%',"*)3*-'9)

&"$*$) *"%0015]5%&$#)"%K-&%&*) %*) <$$(-'9) #$<39-%) T!"#$%&'(BXD) O1#) *"%#P*) %'() #%.*:)
&"$) -'&$#&-(%0) -*) %) ,"%00$'9-'9) $'7-#1'/$'&D) ;&) ,1'&-'313*0.) #$n3-#$*) K%0%',-'9)

&"$) +1&$'&-%0) #-*P*) 1<) *&#%'(-'9) T-D$D:) +#101'9$() -'&$#&-(%0) 3*$X) %'() +#$(%&-1') T-D$D:)

0$**)$i+1*3#$) &1) 0%#9$)+#$(%&1#*) -') &"$) -'&$#&-(%0X)5-&")/%i-/-R-'9) -'&%P$) #%&$*)1<)

-'&$#&-(%0) +#$.) 5"-0$) %,,$**-K0$) T!"#$%&'( BXD) M0&"139") *"%#P*) %'() #%.*) K1&") 3*$)
-'&$#&-(%0) "%K-&%&*) %'() &"$) %**1,-%&$() #$*13#,$*:) &"$) 3*$) 1<) &"$*$) *"%0015]5%&$#)

"%K-&%&*)K.)#%.*)-*)/1#$),1//1')T!"#$%&'(C). Rays, including guitarfishes, are better 

adapted to shallow-water habitats due to their flattened body types, which reduces 

&"$)#-*P)1<)*&#%'(-'9)%'()%0015*)&"$/)&1)3*$)&"$*$)*"%0015)"%K-&%&*)&1)*$$P)#$<39$)

<#1/) 0%#9$#]K1(-$() +#$(%&1#*) T$D9D:) *"%#P*m) 80*&1') ,$) +-3) UVUUXD) M/1'9*&) *&-'9#%.*:)

juveniles predominantly use shallow-water flats as the predation risk for larger 

-'(-7-(3%0*)-')*3K&-(%0)5%&$#*)-*)015$#)T80*&1'),$)+-3)UVU`XD)A'&19$'$&-,),"%'9$*)-')&"$)

fitness landscape of juveniles using intertidal habitats possibly explain the (seasonal) 

/-9#%&-1') 1<) $0%*/1K#%',") *+$,-$*) %5%.) <#1/) -'&$#&-(%0) %#$%*) (3#-'9) 0%&$#) 0-<$)

*&%9$*) TO1PP$/%) ,$) +-3) UVUVXD) O1#) $i%/+0$:) &"$) +#$(%&-1') #-*P) #$(3,$*) %*) H37$'-0$)

$0%*/1K#%',"*)9#15)0%#9$#)TQ-'(*7%&$#),$)+-3)UV`^:)L300),$)+-3)UVUUX:)K3&)&"$)0%#9$#)

K1(.) *-R$) 0-P$0.) -',#$%*$*) &"$) *&#%'(-'9) #-*P) 1<) -'&$#&-(%0) "%K-&%&) 3*$D) ;') %((-&-1':)

(-$&%#.)#$n3-#$/$'&*)1<&$')-',#$%*$)1'&19$'$&-,%00.)5-&")0%#9$#)-'(-7-(3%0*)<$$(-'9)

%&)"-9"$#) &#1+"-,) 0$7$0*) T?%0.),$)+-3)UV`_:)!-'c%')%'()F$00*)UVU`:)L300),$)+-3)UVUUX:)

5"-,")/%.)#$n3-#$)%(30&)$0%*/1K#%',"*)&1)/17$)&1)($$+$#)1#)/1#$)+$0%9-,)"%K-&%&*D)

Therefore, intertidal habitat use mostly benefits early life stages and small-bodied 

$0%*/1K#%',")*+$,-$*)T!"#$%&'(BXD

F$)*"15)&"%&)&"$)-'&$#&-(%0)"%K-&%&)3*$)1<)$0%*/1K#%',"*:)+%#&-,30%#0.)K.)#%.*:),%3*$*)

17$#0%+) -') &#1+"-,) '-,"$*) 5-&") /-9#%&1#.) *"1#$K-#(*D) !"-*) '-,"$) 17$#0%+) K$&5$$')

*"1#$K-#(*)%*) E015]&-($)+#$(%&1#*J)%'() #%.*)%*) E"-9"]&-($)+#$(%&1#*J) ,%')K$)%*)"-9")

%*) WUq)1<) &"$) &1&%0) '-,"$) *+%,$) &"$*$)/$*1+#$(%&1#) 9#13+*)1,,3+.D)A')%7$#%9$:)

species-specific overlap is 33% of occupied niche space (!"#$%&'(CXD)M*)/-9#%&1#.)
*"1#$K-#(*)#$0.)$i,03*-7$0.)1')-'&$#&-(%0)+#$.)(3#-'9)&"$-#)5-'&$#-'9)/1'&"*)-')&"$*$)

&#1+-,%0)-'&$#&-(%0)%#$%*)TY-$#*/%)UV`UX:)5$),%'),1',03($)&"%&)&"$)17$#0%+)K$&5$$')

#%.*)%'()*"1#$K-#(*)%0*1) -'(-,%&$*)&"$)+#1+1#&-1')1<) &"$)(-$&)1<)%)#%.)*+$,-$*)&"%&)

,1'*-*&*)1<)-'&$#&-(%0)+#$.)TFigure 11.3:)!"#$%&'(CXD)
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=&3(-$*)1')&"$)'-,"$)17$#0%+)K$&5$$')K$'&"-,)#%.*)#$+1#&)'-,"$)17$#0%+)+#1+1#&-1'*)

1<)WW)&1)[Vq)To-,P),$)+-3)UV``:)AJ="$%),$)+-3)UV`_XD)@-,"$)17$#0%+)K$&5$$')*"1#$K-#(*)-*)

9$'$#%00.)015)K3&),%')K$)%*)"-9")%*)WW)&1)\\q)1<)&"$)1,,3+-$()'-,"$)*+%,$)T413#$'|1),$)

+-3)UV`b:)UV`[XD)2$'$#%00.:)&#1+"-,)'-,"$)17$#0%+)-*),1'*-($#$()"-9")5"$')&"$)17$#0%+)

-*)!^Vq)1<)1,,3+-$()'-,"$)*+%,$:)5-&")-',#$%*$()#-*P*)1<),1/+$&-&-7$)-'&$#%,&-1'*)%'()

$i,03*-1') %/1'9*&) +#$(%&1#*) TB%#$&) %'()C%'()`Z[`XD)c15$7$#:)5$) #$+1#&) %) '-,"$)

17$#0%+) -') #$*13#,$*) &"%&) %#$) 1'0.) %,,$**-K0$) &1) $%,")/$*1+#$(%&1#) 9#13+) <1#) %)

0-/-&$()%/13'&)1<)&-/$)%'()%#$)&"3*)-'"$#$'&0.)+%#&-&-1'$()K.)&"$)&-($D

Intraguild niche partitioning and competition (E)
c-9") &#1+"-,) '-,"$) 17$#0%+) %/1'9*&) /$*1+#$(%&1#*) ,%') -'(-,%&$) $-&"$#) &"%&)

+#$.) K-1/%**) -*) '1&) 0-/-&-'9:) &"%&) &1+]+#$(%&1#*) *&#1'90.) #$930%&$) /$*1+#$(%&1#)

%K3'(%',$:) 1#) &"%&) #$*13#,$*) %#$) +%#&-&-1'$() %01'9) 1&"$#) $,1019-,%0) %i$*) T$D9D:)

*+%,$)1#)&-/$:)!-'P$#),$)+-3)UVV\:)N%3(1)%'()c$-&"%3*)UV``XD)C$*13#,$)+%#&-&-1'-'9)-*)

$*+$,-%00.)-/+1#&%'&)-')*.*&$/*)5-&")"-9")+#$(%&1#)#-,"'$**)%'()0-/-&$()+#$.)K-1/%**)

%*)-&)+#$7$'&*),1/+$&-&-7$)$i,03*-1')&"#139")&"$)$i&-',&-1')1<)+#$.)TN%'($#/$$#)%'()

Y%*,3%0)UVV^:)2%#7$.)%'()F"-0$*)UV`^XD

=-/-0%#) &1) &$/+1#%0) "%K-&%&) +%#&-&-1'-'9) K$&5$$') (-3#'%0) %'() '1,&3#'%0) K-#(*:)

mammals or insects (e.g., between butterflies and moths or between insectivorous 

birds and bats; Kronfield-Schor and Dayan 2003, Bennie ,$) +-3) UV`W:) 63##%*) ,$) +-3

UVUUX:)-'&$#&-(%0)"%K-&%&)%'()#$*13#,$)3*$)K.)-'&$#&-(%0)/$*1+#$(%&1#*)%#$)+%#&-&-1'$()

&$/+1#%00.) %,#1**) &"$) &-(%0) ,.,0$D) ?3#-'9) 015) &-($:) 5"$') -'&$#&-(%0) "%K-&%&*) %#$)

$i+1*$(:)-'&$#&-(%0)#$*13#,$*)%#$)%,,$**-K0$)&1)%7-%')%'()&$##$*&#-%0)+#$(%&1#*D)c13#*)

0%&$#:)5"$')*3K/$#9$()(3#-'9)"-9")&-($)+"%*$*:)&"$*$)*%/$)"%K-&%&*)%'()%**1,-%&$()

#$*13#,$*)%#$)%,,$**-K0$)&1)/%#-'$)+#$(%&1#*)T!"#$%&'(BXD)!"$)&$/+1#%0)+$#-1()&"%&)
-'&$#&-(%0)+#$.)-*)%,,$**-K0$)&1)$%,")/$*1+#$(%&1#)93-0()-*)($&$#/-'$()K.)&"$)0$'9&")

1<)&"$)&-(%0)+"%*$*)%'()&"$)&-(%0)%/+0-&3($D

?3#-'9)&"$)0-/-&$()&-/$)&"%&)-'&$#&-(%0)+#$.),1//3'-&-$*)%#$)%,,$**-K0$:)+#$(%&1#*)/3*&)

/%i-/-R$)$'$#9.) -'&%P$)%'() 0-/-&)+#$.)"%'(0-'9) &-/$*)K.)$i+01-&-'9) &"$)+#1+1#&-1')

1<) +#$.) K-1/%**) &"%&) -*) "%#7$*&%K0$) K.) &"$) +#$(%&1#) TL%,M#&"3#) %'() Y-%'P%) `Z^^XD)

L$*1+#$(%&1#)*+$,-$*)/%.)<%71#)/1K-0$)K$'&"-,)+#$.) -<)+#$.)"%'(0-'9)&-/$*),%')K$)

0-/-&$()%'()+#$.)-*)%K3'(%'&)T$D9D:)*%'($#0-'9*).+-%7&%2)+-L+)+#$(%&-'9)1')*"#-/+)-')&"$)

F%(($')=$%:)Y$''-'9),$)+-3)UVUUXD)!"$)K3##15-'9)($+&")1<)$'(1K$'&"-,)+#$.),%'),%3*$)

+#$.)&1)K$)-'%,,$**-K0$)&1)K$'&"-,)+#$(%&1#*:)5"1*$)K3##15-'9)T-D$D:)#%.*X)1#)+#1K-'9)

T-D$D:) *"1#$K-#(*X) ($+&"*) %#$) #$*&#-,&$() T*+,(Hm) B5%#&*) %'()F%'-'P) `ZZ_XD) =-/-0%#0.:)
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((

(3#1+"%913*)/$*1+#$(%&1#*)%#$)$*+$,-%00.)0-/-&$()-')&"$-#)#%'9$)1<)"%#7$*&%K0$)+#$.)

*-R$*)K.)&"$-#)K1(.)*-R$)%'()9%+$) T-D$D:) #%.*X)1#)9-RR%#() T-D$D:)*"1#$K-#(*X)*-R$*) T4-<H$0()

`Z\W:)B5%#&*)%'()G01/$#&)`ZZU:)7%')2-0*),$)+-3)UVV_:)O-*"$#) ,$)+-3)UV``XD) ;')%((-&-1':)

K3##15-'9)($+&"*)%'()+#$.)*-R$),%')-',#$%*$)+#$.)"%'(0-'9)&-/$*)%'()0-/-&)&"$)-'&%P$)

#%&$*)1<)-'&$#&-(%0)+#$(%&1#*)TB5%#&*)%'()G01/$#&)`ZZU:)Y-$#*/%),$)+-3)`ZZ_:)O-*"$#),$)+-3

UV``XD)!"$#$<1#$:)/%i-/-R-'9)+#$.)K-1/%**)-'&%P$)K.)&"$*$)-'&$#&-(%0)/$*1+#$(%&1#*)

3'($#)&"$)1+&-/%0)<1#%9-'9)&"$1#.)TL%,M#&"3#)%'()Y-%'P%)`Z^^X)/$%'*)K%0%',-'9)&"$)

$i+01-&%&-1')1<)+#$.)%&)9#$%&$#)K3##15-'9)($+&"*)T-D$D:)01'9$#)*$%#,"-'9)%'()$i,%7%&-1')

&-/$*X)5-&")&"$)+#$.)*-R$)T-D$D:)+#$.)'$%#)&"$)/%i-/3/)"%#7$*&%K0$)+#$.)*-R$*)#$+#$*$'&)

%) "-9"$#) -'&%P$) 1<) K-1/%**XD) !"-*) 5130() /$%') &"%&) &"$*$) -'&$#&-(%0) /$*1+#$(%&1#)

9#13+*) %#$)/1*&) 0-P$0.) &1) $i+01-&) #$*13#,$*) -') &1+) *$(-/$'&) 0%.$#*) T*+,(HX) %'() 1<)
-'&$#/$(-%&$]*-R$),0%**$*:),%3*-'9)$0$7%&$()0$7$0*)1<)+#$(%&-1')+#$**3#$)1<)&"$*$)+#$.)

%'()+1**-K0.),1/+$&-&-1')K$&5$$')-'&$#&-(%0)/$*1+#$(%&1#*)TFigure 11.3XD

Figure 11.3 TMX) !#1+"-,) '-,"$) 17$#0%+) K$&5$$') *"1#$K-#(*) T#$(X) %'() #%.*) T9#$$'X) -'(-,%&$*) &"$)
+#1+1#&-1')1<)-'&$#&-(%0)#$*13#,$*)K1&")/$*1+#$(%&1#*)$i+01-&)T!"#$%&'(CXD)!1)/%i-/-R$)+#$.)-'&%P$)
#%&$)5"-0$)&"$*$)-'&$#&-(%0)+#$.)%#$)%,,$**-K0$:)+#$(%&1#*)/-'-/-R$)"%'(0-'9)&-/$*)%'()/%i-/-R$)+#$.)
-'&%P$D)c15$7$#:)+#$(%&1#*)%#$),1'*&#%-'$()K.)&"$-#)/%i-/3/)K3##15-'9)1#)+#1K-'9)($+&"*)T*+,(
HX:)%'()&"$)/%i-/3/)+#$.)*-R$*)%)+#$(%&1#),%')"%'(0$)-*)0-/-&$()K.)&"$-#)9-RR%#()*-R$)T*"1#$K-#(*:)
$D9D:)4-<H$0()`Z\W:)7%')2-0*),$)+-3)UVV_X)1#)9%+$)*-R$)T#%.*:)O-*"$#),$)+-3)UV``XD)TGX)!"-*)/$%'*)&"%&)&"$)
1+&-/%0)+#$.)-*)$-&"$#)*/%00)+#$.)%&)*"%0015)($+&"*)T-D$D:)5"-,")/%i-/-R$*)-'&%P$)#%&$*)K.)/-'-/-R-'9)
K3##15-'9)($+&"*X:)/$(-3/]*-R$()+#$.)%&)9#$%&$#)K3##15-'9)($+&"*)T-D$D:)5"-,")/%i-/-R$*)-'&%P$)
#%&$*)K.)K%0%',-'9)+$#)+#$.)K-1/%**)%'()K3##15-'9)&-/$*X:)1#)0%#9$#)+#$.)%&)*"%0015$#)($+&"*)T-D$D:)
5"-,")/%i-/-R$*)-'&%P$)#%&$*)5-&")"-9")+$#)+#$.)K-1/%**)%&)*"1#&)K3##15-'9)&-/$*XD)T6X)A7$#0%++-'9)
&"$)1+&-/%0)+#$.) <1#)9#13+*)1<)#%.*)%'()*"1#$K-#(*),%')"$0+)+#$(-,&) &"$)+#$(%&-1')+#$**3#$)1')
-'&$#&-(%0)+#$.)%'(),1/+$&-&-1')%/1'9*&)-'&$#&-(%0)/$*1+#$(%&1#*D
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Characterized by relatively wide niche breadths and flexibility in prey selection, 

5$) *"15) &"%&) *"1#$K-#(*) %'() $0%*/1K#%',"*) %#$) 9$'$#%0-*&) /$*1+#$(%&1#*) -')

-'&$#&-(%0) %#$%*) T!"#$%&'( Cm) 2%#7$.) %'() F"-0$*) UV`^:) 61##$-%) ,$) +-3) UVU_XD) !"$*$)
+#$(%&1#.)*+$,-$*)/%.) <3#&"$#)+%#&-&-1') #$*13#,$*)K.)$i+01-&-'9)1&"$#)"%#7$*&%K0$)

+#$.)%&)"-9"$#),1*&*)T$D9D:)-'7107-'9)01'9$#)$i,%7%&-1')%'()"%'(0-'9)&-/$*)1#)<1#%9-'9)

3'($#)-',#$%*$()+#$(%&-1')#-*PXD)!"-*)-',03($*:)<1#)$i%/+0$:)&"$)+#$(%&-1')1')($$+]

K3##15-'9) 9"1*&) *"#-/+) K.) #$() *&-'9#%.*) T!%P$3,"-) %'() !%/%P-) UV`WX:) #$() P'1&*)

feeding on medium-sized but abundant bivalve species high in sulfides (van Gils 

,$)+-3)UV`_:)A3(/%'),$)+-3)UV`WX:)1#)&"$)$i+01-&%&-1')1<)&"-,P]*"$00$()K011(.),1,P0$*)

T<,#%-%+) 2,#%-%2X)K.) 0%#9$)#%.)*+$,-$*) T!"#$%&'(C:)=3//$#*)UVVV:)6100-'*),$)+-3)UVV[:)
O-*"$#),$)+-3)UV``XD)M0&"139")*"1#$K-#(*)#$0.)$'&-#$0.)1')-'&$#&-(%0)+#$.)(3#-'9)&"$-#)

3*$)1<)-'&$#&-(%0)%#$%*:)*"%#P*)%'()#%.*)%0*1)$i+01-&)*3K&-(%0)#$*13#,$*)&"%&)%#$)%05%.*)

%,,$**-K0$) TChapters 7 and 8). Therefore, if intraspecific competition for intertidal 

#$*13#,$*)-*)"-9":)$0%*/1K#%',"*)/%.)-',#$%*$)&"$-#) -'&%P$)1<)*3K&-(%0)+#$.)%&)&"$)

,1*&)1<)"-9"$#)+#$(%&-1')#-*P*D)Y%#&-&-1'-'9) -'&$#&-(%0) #$*13#,$*)K.) &"$*$)9$'$#%0-*&)

/$*1+#$(%&1#*) $'%K0$*) &"$-#) ,1]$i-*&$',$) -') -'&$#&-(%0) %#$%*) Tc%'*P-) ,$) +-3) `ZZ`:)

N%'($#/$$#) %'() Y%*,3%0) UVV^XD) !"-*) -*) $*+$,-%00.) -/+1#&%'&) (3#-'9) &"$)5-'&$#-'9)

/1'&"*)5"$')&"$*$)*"1#$K-#(*)7-*-&)&"$*$)-'&$#&-(%0)%#$%*)-')0%#9$)'3/K$#*)%'()#$0.)

$'&-#$0.)1')-'&$#&-(%0)+#$.)TY-$#*/%)UV`U:)A3(/%'),$)+-3)UVUVXD

Intraguild predation (F)
!#%(-&-1'%00.:)0%#9$]K1(-$()*"%#P*)*3,")%*)"%//$#"$%()*"%#P*)"%7$)K$$'),1'*-($#$()

&"$)+#$(1/-'%'&)+#$(%&1#*)1<) #%.*) T$D9D:)L.$#*),$) +-3) UVV[XD)M0&"139") *1/$)*"%#P)

species in specific areas are specialized ray predators (e.g., Raoult ,$)+-3)UV`ZX:)-')1&"$#)

systems, rays may experience diffuse predation from multiple predator species, 

-',03(-'9) &$0$1*&*) %'()/%#-'$)/%//%0*) T*+,( DXD) G%*$() 1') *&%K0$) -*1&1+$) #%&-1*:)
we show that the diet of the blackchin guitarfish and spiny butterfly ray (A'*#1&+)

+-$+B,-+X),1'*-*&*)+%#&0.)1<)*&-'9#%.*)T!"#$%&'(C:)*+,(4XD)M0&"139")&"$*$)#$*30&*)%#$)
K%*$()1')*&%K0$)-*1&1+$)T5"-,"),%')K$)-'%,,3#%&$)(3$)&1)&"$)*-/-0%#-&.)1<)+#$.)-*1&1+$)

#%&-1*:)@$5*1/$),$)+-3)UV`UX:)&"$*$)&#1+"-,)-'&$#%,&-1'*)"%7$)K$$')($*,#-K$()K$<1#$)

for these species. Stingray spines embedded in the jaws of giant guitarfish, wedgefish 

and sawfish suggest predation on these species (Dean ,$)+-3)UV`[XD)!"$)(-$&)1<)*+-'.)

butterfly rays consists partly of exceptionally large prey and sometimes includes 

*&-'9#%.*) T4%*&),$)+-3) UV`^XD)A++1#&3'-*&-,)+#$(%&-1')K.) &"$*$)*+$,-$*) -*) *3++1#&$()

K.) &"$) "-9") %K3'(%',$) 1<) &"$) +$%#0)5"-+#%.) -') &"$) G-H%9I*) M#,"-+$0%91) T!"#$%&'(
@X)%'()&"$)/%#K0$()*&-'9#%.)T>+2'+$%2)*+&*"&+$+m)!"#$%&'(7X) -')&"$)G%',)(JM#93-'D)
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This suggests that large guitarfish may opportunistically feed on stingrays while 

,1/+$&-'9) <1#) *"%#$() T$'(1K$'&"-,X)+#$.)5-&") &"$*$) #%.*) TFigure 11.4XD) ;'&#%93-0()
+#$(%&-1') -*) -/+1#&%'&) -') <11() 5$K) 1#9%'-R%&-1':) /%-'&%-'-'9) +#$(%&1#) (-7$#*-&.)

%'() &"$) #$*-0-$',$) 1<) <11()5$K*) %9%-'*&) $i&$#'%0) *&#$**1#*) Tc10&) %'()c3i$0) UVV[:)

F%'9),$)+-3)UV`ZXD);'&#%93-0()+#$(%&-1')#$(3,$*)+#$(%&-1')+#$**3#$)1')*"%#$()+#$.)

*+$,-$*)&"#139")T`X)*%&-*<.-'9)&"$)$'$#9$&-,)'$$(*)1<)&"$)-'&#%93-0()+#$(%&1#)K.)&"$)

-',03*-1')1<)&"$)-'&#%93-0()+#$.)-'&1)-&*)(-$&:)TUX),1'&#100-'9)-'&#%93-0()+#$.)%K3'(%',$:)

%'() T_X) ,"%'9-'9) &"$) K$"%7-1#) 1<) K1&") -'&#%93-0() +#$(%&1#*) T-D$D:)/1#$) &-/$) *+$'&)

1')-'&#%93-0()+#$(%&-1'X)%'()-'&#%93-0()+#$.)T-D$D:)/1#$)&-/$)*+$'&)1')#-*P)%71-(%',$)

from an intraguild predator) (Griffen and Byers 2006, Holt and Huxel 2007, Wang ,$)

+-3 2019). As the predator effects of an intraguild predator and prey are nonadditive 

and reduce predation pressure on shared resources (i.e., may differ amongst species 

%'()0-<$)*&%9$*X:)-'&#%93-0()+#$(%&-1')#$(3,$*)&"$)#$(3'(%',.)1<)+#$(%&1#)*+$,-$*)-')

food webs and promotes predator coexistence (e.g., with shorebirds; Griffen and 

G.$#*)UVV^:)F%'9),$)+-3)UV`ZXD

Figure 11.4)!51),1',$+&3%0)/1(30$*)1<)-'&#%93-0()+#$(%&-1')T;2YX)-')0%#9$)-'&$#&-(%0)*.*&$/*S)
the predation on stingrays by adult blackchin guitarfish (IGP1) and adult spiny butterfly rays 
TA'*#1&+)+-$+B,-+:) ;2YUXD)!"$) -'&#%93-0()+#$(%&-1') T"-9"0-9"&$()K.)K0%,P)%##15*X)1,,3#*)5"$')
-'&#%93-0()+#$(%&1#*)T#$(X)+#$(%&$)1')%')-'&#%93-0()+#$.)*+$,-$*)T9#$$'m)*+,(DX:)5-&")5"-,")-&)%0*1)
,1/+$&$*)<1#)#$*13#,$*)T.$0015X)(3#-'9)$%#0.)%'()%(30&)0-<$)*&%9$*)T#$()(%*"$()0-'$XD
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Intraguild facilitation (G)
G$*-($*),1/+$&-'9)<1#)*"%#$()#$*13#,$*:)-'&$#&-(%0)/$*1+#$(%&1#*),%')<%,-0-&%&$)1&"$#)

*+$,-$*) -') &"$) *%/$)93-0() %'()+#1/1&$) <11()5$K) *&%K-0-&.) K.) -',#$%*-'9) #$*13#,$)

%7%-0%K-0-&.)TG#3'1),$)+-3)UVV_:)M**%'$1),$)+-3)UV`_XD)F$)*"15)&"%&)&"$)%K3'(%'&)+$%#0)

5"-+#%.) T!"#$%$&'("#)*+&(+&%$,--+X) "%*) %') -/+1#&%'&) #10$) -') ,"%'9-'9) &"$) -'&$#&-(%0)

0%'(*,%+$)1<) &"$)G-H%9I*)M#,"-+$0%91)%'(),"%'9$*) &"$),1//3'-&.),1/+1*-&-1')1<)

&"$) $'(1K$'&"-,) ,1//3'-&.) T!"#$%&'( EXD) O$$(-'9) %,&-7-&-$*) 1<) K$'&"-,) +#$(%&1#*)
/%.) <%,-0-&%&$)1&"$#) *+$,-$*)5-&"-') &"$) *%/$)93-0() -') &"#$$)5%.*S) T`X) &"$-#) <$$(-'9)

%,&-7-&.),#$%&$*)'$5)"%K-&%&*)<1#)+#$.)*+$,-$*)TAJ="$%),$)+-3)UV`UX:)TUX)&"$-#)+#$(%&-1')

+#$**3#$) %00$7-%&$*) ,1/+$&-&-1') %/1'9*&) K$'&"-,) ,1//3'-&-$*) %'() +#1/1&$*) &"$)

%K3'(%',$)1<)1&"$#)+#$.)*+$,-$*)T7%')2-0*),$)+-3)UV`_:)80]c%,$'),$)+-3)UVUVX:)%'()T_X)K.)

their benthic feeding activity, predators resuspend nutrients that indirectly benefit 

T*"%#$(X)+#$.)*+$,-$*)T6%(h$)UVV`XD)!"$)<$$(-'9)%,&-7-&.)K.)&"$)+$%#0)5"-+#%.),#$%&$*)

%)"$&$#19$'13*)0%'(*,%+$)1<)<$$(-'9)+-&*)T-D$D:) E#%.)+-&*Jm)Chapters 7 and 9XD)!"$*$)
microhabitats are used by intertidal prey (e.g., crabs, shrimp, juvenile fish; O’Shea ,$)

+-3 2012), which may contribute to their population growth (Schaffmeister ,$)+-3)UVV^XD

!"$) <$$(-'9) %,&-7-&.) 1<) *"1#$K-#(*) -*) ".+1&"$*-R$() &1) %00$7-%&$) ,1/+$&-&-1') -')

$'(1K$'&"-,),1//3'-&-$*)%'()&1),%3*$)%')-',#$%*$()%K3'(%',$)1<)K-7%07$*:)5"-,")

%#$) -')&3#')-/+1#&%'&)&1)&"$)(-$&)1<)1&"$#) -'&$#&-(%0)+#$(%&1#*)T7%')2-0*),$)+-3)UV`_:)

80]c%,$') ,$) +-3) UVUVXD) =-/-0%#0.:) +#$(%&-1') K.) 0%#9$) #%.) *+$,-$*) T-D$D:) ,15'1*$) %'()

$%90$)#%.*X)1')&"$)(1/-'%'&)"%#(]*"$00$()K011(.),1,P0$)"%*)K$$')".+1&"$*-R$()&1)

#$0$%*$)1&"$#)K-7%07$*)T-D$D:)>"2%#%+)253X)<#1/),1/+$&-&-1')T80]c%,$'),$)+-3)UVUV:)UVU_:)

4$/#%K1&&),$)+-3)UVU_KXD)!"$*$)*/%00)K-7%07$*)%#$)&"$)/%-')+#$.)<1#)*"1#$K-#(*)%'()

%#$) ,#3,-%0) -')+#$+%#%&-1') <1#) &"$-#) 01'9](-*&%',$) #$&3#')/-9#%&-1'*) TY-$#*/%),$) +-3

`ZZ_:)413#$'|1),$)+-3)UV`b:)UV`[:)7%')2-0*),$)+-3)UV`^XD

Potential cascading effects of shark and ray removal (H)
The impact of fisheries on sharks and rays can be profound (Stevens ,$) +-3) UVVV:)

?307.) ,$) +-3) UVU`:) Chapters 3 and 4X) %'() "%*) K$$') ($*,#-K$() &1) "%7$) +1&$'&-%0)
cascading effects on other trophic levels and overall ecosystem functioning (Myers 

,$) +-3) UVV[XD) c15$7$#:) &"$*$) "%7$) *-',$) K$$') (-*+3&$() %*) &"$) #$n3-#$/$'&*) <1#) %)

&#1+"-,),%*,%($) &1) &%P$)+0%,$)5$#$)'1&)/$&) T2#3KK*),$)+-3)UV`^XD)=-/-0%#0.:) &#1+"-,)

,%*,%($*)(3$)&1)*"%#P)#$/17%0)1'),1#%0)#$$<*)"%7$)K$$'),"%00$'9$()(3$)&1)&"$)"-9")

ecological redundancy of sharks (Roff ,$)+-3)UV`^XD)c$#$:) ;)(-*,3**)&"$) 0-P$0-"11()1<)

(A) cascading effects caused by mesopredator release after shark removal and (B) 
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2$'$#%0)?-*,3**-1'

((

&"$)#$/17%0)1<)/$*1+#$(%&1#*)&"#139"),1'&-'3$()17$#$i+01-&%&-1')1<)$0%*/1K#%',")

*+$,-$*)TFigure 11.5XD);)(1)*1)<1#)K1&")1<)&"$*$)*,$'%#-1*)K%*$()1')&"$)#$n3-#$/$'&*)
1<) &#1+"-,),%*,%($*)($*,#-K$()K.)2#3KK*),$)+-3) TUV`^X)%'()3*$) &"$)$i%/+0$)1<) &"$)

43*-&%'-%'),15'1*$)#%.)-')&"$)G%',)(JM#93-')%'()&"$)%K3'(%'&)+$%#0)5"-+#%.)-')&"$)

G-H%9I*)M#,"-+$0%91)TFigure 11.5XD)F$)"%7$)($*,#-K$()&"$)<11()5$K),1'*$n3$',$*)
1<)&"$*$)*,$'%#-1*)-')($+&")-')!"#$%&'(B:)*1);)5-00)<1,3*)"$#$)1')&"$)0-P$0-"11()1<)%)
&#1+"-,),%*,%($)-')-'&$#&-(%0)$,1*.*&$/*)<10015-'9)$0%*/1K#%',")#$/17%0D

Figure 11.5)=3//%#-R$()17$#7-$5)%'()0-P$0-"11()1<),"%'9$*)-')&"$)G%',)(JM#93-')%'()G-H%9I*)
Archipelago caused by the sequential removal of large sharks (blue), guitarfi sh (green), and 
other rays (light green) due to international demand for shark and ray fi ns and meat (top). 
;) ($*,#-K$) &51) *,$'%#-1*S) TMX) &"$) /$*1+#$(%&1#) #$0$%*$) (3$) &1) *"%#P) #$/17%0) %'() TGX) &"$)
eff ects of mesopredator removal. For each scenario, I show the likelihood of a trophic cascade 
K%*$()1')&"$)#$n3-#$/$'&*)($*,#-K$()K.)2#3KK*),$)+-3)TUV`^X)TK1&&1/)&%K0$:)4)r)0-P$0.:)@)r)'1&)
0-P$0.:) 4j@)r) 0-P$0.) <1#) *1/$)*+$,-$*:) g)r)3'P'15'XD) ;)(1)*1)K.)3*-'9) &"$)43*-&%'-%'),15'1*$)
#%.) TC0%#"5$,&+)*+&(%#+$+X) %*) %)/1($0) *+$,-$*) <1#) &"$) G%',) (JM#93-') %'() &"$) +$%#0) 5"-+#%.)
T!"#$%$&'("#)*+&(+&%$,--+X) <1#)&"$)G-H%9I*)M#,"-+$0%91D) ;)%0*1)*"15)&"$)+1&$'&-%0),1'*$n3$',$*)
of elasmobranch fi sheries for intertidal food webs and shorebirds for both scenarios (left, red 
%##15)r)($,#$%*$:)9#$$')%##15)r)-',#$%*$m)$i+0%-'$()-')($+&")-')!"#$%&'(BXD

G#$,(2'U2&.7$2)#4.$'$212#&2'8.11.T,(N'&"#$%'$2U.Z#1'<I,N/$2']]^_;>

G$'&"1+$0%9-,) #%.*) T$D9D:) ,15'1*$) #%.*X) -') &"$) G%',) (JM#93-') %#$) ".+1&"$*-R$()

&1) "%7$) -',#$%*$() -') %K3'(%',$) %*) %) (-#$,&) ,1'*$n3$',$) 1<) "%//$#"$%() *"%#P)
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!"#$%&'())

($,0-'$*) TA3(/%') ,$) +-3) UVUV:) 4$/#%K1&&) UVU_XD) =-/-0%#0.:) G-H%9I) 7-00%9$) $0($#*)

($*,#-K$)%')-',#$%*$)-')&"$)%K3'(%',$)1<)*/%00)*&-'9#%.*)T$D9D:)+$%#0)5"-+#%.*X)(3$)&1)

&"$)(-*%++$%#%',$)1<)"%//$#"$%()*"%#P*D)c$#$:);)($&$#/-'$)&"$)0-P$0-"11()1<)&"$*$)

($*,#-K$()/$*1+#$(%&1#) #$0$%*$*) K%*$() 1') &"$) K$*&) %7%-0%K0$) (%&%) <1#) &"$) G%',)

(JM#93-')%'()&"$)G-H%9I*)M#,"-+$0%91)TFigure 11.5AXD

F$)($*,#-K$)"15)%)($,#$%*$)-')0%#9$]K1(-$()*"%#P*),1-',-($*)5-&")-',#$%*$(),%&,"$*)1<)

0%#9$)K$'&"1+$0%9-,)#%.*)-')&"$)G%',)(JM#93-')T!"#$%&'(7XD);')%((-&-1':)&"$)*3K*$n3$'&)
decline in guitarfish, as potential intraguild predators (Figure 11.4m)?$%'),$)+-3)UV`[X:)
/%.)"%7$)<3#&"$#)#$(3,$()+#$(%&-1')1')K$'&"-,)*&-'9#%.*D)c15$7$#:)13#)%'%0.*-*)-')

&"$)G-H%9I*)M#,"-+$0%91)*"15*),1'*-*&$'&)($,0-'$*) -'),%&,"$*)1<)*/%00)K$'&"-,)#%.*)

%'()*"%#P*)17$#) &"$)+%*&)($,%($*) T!"#$%&'(8). We show that fisheries-dependent 

(%&%) TChapters 3 and 4X)%'()$'7-#1'/$'&%0)?@M) T!"#$%&'(@X) -'(-,%&$)%')17$#0%+)
K$&5$$')*"%#P*)%'()#%.*)-')&$#/*)1<)*+%&-1&$/+1#%0)(-*&#-K3&-1')-')K1&")*&3(.)%#$%*)

%'()$'%K0$)&"$*$)*+$,-$*)&1)-'&$#%,&D)c15$7$#:)&"$)/$*1+#$(%&1#)#$0$%*$)1<),15'1*$)

%'()$%90$)#%.*)-')&"$)G%',)(JM#93-')-*)0$**)0-P$0.)(3$)&1)&"$-#)0%&$)/%&3#-&.)%'()015)

<$,3'(-&.:) #$*30&-'9) -') 015) -'&#-'*-,) +1+30%&-1') 9#15&") TO-*"$#) ,$) +-3) UV`_:) 2#3KK*)

,$) +-3) UV`^XD)2#3KK*),$) +-3) TUV`^X) ($*,#-K$) &"%&) &"$)+1+30%&-1') 9#15&")1<) ,15'1*$)

#%.*)-*)015$#),1/+%#$()&1)0%#9$]K1(-$()*"%#P)*+$,-$*D);'),1'&#%*&:)5$)*"15)&"%&)&"$)

/1*&)%K3'(%'&)#%.)*+$,-$*)-')&"$)G-H%9I*)M#,"-+$0%91:)&"$)+$%#0)5"-+#%.:)-*)#$0%&-7$0.)

<%*&]9#15-'9:) $*+$,-%00.) ,1/+%#$() &1) 0%#9$]K1(-$() *"%#P*) T!"#$%&'( AXD) c15$7$#:)
&"-*)+1&$'&-%0)/$*1+#$(%&1#) #$0$%*$) -*)(-*+3&%K0$)%*)'1) -',#$%*$) -')%K3'(%',$)1<)

this species group was observed following significant declines in shark abundance. 

F$)*"15)&"%&)*"%#P)*+$,-$*)-')K1&")%#$%*)%#$)9$'$#%0-*&)+#$(%&1#*D)M0&"139")&"$-#)

(-$&)/%.)1++1#&3'-*&-,%00.) -',03($) #%.*:) 1&"$#)/%#-'$)+#$(%&1#*:) -',03(-'9)/%#-'$)

/%//%0*)%'() 0%#9$)&$0$1*&*:)/%.)%0*1) <$$()1')#%.*D)!"$#$<1#$:)+#$(%&-1')1')#%.*)

in intertidal areas may be diffuse, leading to increased redundancy amongst ray 

predators. For instance, our field observations and conversations with local fishers 

-'(-,%&$)&"%&),1K-%*)TC+/0'/,#$&"#)/+#+71*X) -')&"$)G-H%9I*)/%.)<#$n3$'&0.)+#$(%&$)

1')*&-'9#%.*)T*+,(DX:)5"-,")-*)*3++1#&$()K.)M#$'(&),$)+-3)TUVV`X:)5"1),1',03($()&"%&)
,1K-%*) -') &"$)230<)1<)L$i-,1) <$$()1') T.13'9X) ,15'1*$) #%.*D)!"$)"-9") #$(3'(%',.)

%/1'9*&)#%.)+#$(%&1#*)%'()&"$) 015),1'&#-K3&-1')1<)#%.*) &1) &"$)(-$&)1<)/1*&)*"%#P)

*+$,-$*) T*+,(DX)($,#$%*$) &"$) 0-P$0-"11() &"%&)*"%#P) #$/17%0)"%*) 0$() &1)%') -',#$%*$)
-')/$*1+#$(%&1#.) #%.*D)c15$7$#:) %*) 0%#9$) &$0$1*&*)%'() *"%#P*)%#$) *-/30&%'$13*0.)

removed from intertidal areas through increased fisheries, the disappearance of 

%)5"10$) *3-&$) 1<) #%.) +#$(%&1#*)/%.) *&-00) ,%3*$) &"$*$) *+$,-$*) &1) K$) #$0%&-7$0.) <#$$)

<#1/)+#$(%&-1'D);')!"#$%&'(B:)5$)($*,#-K$()"15)-',#$%*$()+#$(%&-1')K.)#%.*)-')&"$)
-'&$#&-(%0)/%.),1'&#-K3&$) &1) &"$)($,0-'-'9)%K3'(%',$)1<)*"1#$K-#(*)%01'9)&"$)8%*&)
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M&0%'&-,)O0.5%.)T$D9D:)A3(/%'),$)+-3)UVUVXD)c15$7$#:)&"$)*3K*$n3$'&)%'(),1'&-'3$()

$i+01-&%&-1') 1<)/$*1+#$(%&1#.) #%.*) -') K1&") %#$%*)/%.) %0*1) "%7$)/-&-9%&$() &"$*$)

*+$,-$*J)#$0$%*$)<#1/)+#$(%&-1')#-*PD

Cascading effects of marine mesopredator removal (Figure 11.5B)

Despite a decline in large sharks and large-finned rays (e.g., guitarfishes), high fishing 

+#$**3#$)1')#%.*)#$/%-'*)"-9")&"#139"13&)&"$)F$*&)M<#-,%')#$9-1')TChapters 3 and 
8:)?-1+)%'()?1**%)UV``:)L11#$)UV`ZXD)!"$)+1&$'&-%0),1'*$n3$',$*)1<)&"-*)"%7$)K$$')
(-*,3**$()-')($&%-0)-')!"#$%&'(BD)c$#$:);)5-00)<1,3*)1')&"$)0-P$0-"11()&"%&)&"$*$),"%'9$*)
have cascading effects based on the same requirements proposed by Grubbs ,$)+-3

TUV`^X) %'() &"$) $i%/+0$) -') O-93#$) ``DbGD)F$) *"15) &"%&)/1*&) $0%*/1K#%',"*) 3*-'9)

-'&$#&-(%0)"%K-&%&*)%#$)&"#$%&$'$()5-&")$i&-',&-1')T!"#$%&'(BX:)-003*&#%&-'9)&"$)9#%(3%0)
01**)1<)#%.*)%'()&"$-#)#10$)%*)/$*1+#$(%&1#*)<#1/)-'&$#&-(%0)%#$%*D);')Chapters 3 and 
8R we discuss the significant declines of these species in both areas. However, the 

,1##$0%&-1')K$&5$$') &"$)%K3'(%',$)1<) #%.*)%'() &"$-#)K$'&"-,)+#$.) -*) 0%,P-'9)%'() -*)

difficult to quantify (e.g., Flowers ,$)+-3)UVU`XD)c15$7$#:)&"$)($,0-'$)1<)&"$),15'1*$)%'()

$%90$)#%.*)<#1/)-'&$#&-(%0)%#$%*)%'()-',#$%*$()#%-'<%00)5-&"-')&"$)#$9-1')/%.)$i+0%-')

&"$)#$,$'&)-',#$%*$*)-')&"$)F$*&)M<#-,%')K011(.),1,P0$)T80]c%,$'),$)+-3)UVUV:)4$/#%K1&&)

UVU_XD)O1#)K1&")&"$)G%',)(JM#93-')%'()&"$)G-H%9I*)M#,"-+$0%91:)5$)*"15)&"%&),15'1*$)

#%.*)%'()*&-'9#%.*)3*$)-'&$#&-(%0)"%K-&%&*)%'()17$#0%+)-')*+%&-1&$/+1#%0)"%K-&%&*)5-&")

-'&$#&-(%0)+#$.)TChapters 8 and 9XD);')&"$)G%',)(JM#93-':),%&,"$*)1<)&"$*$)#%.*)-')&"$)
intertidal by fisheries (!"#$%&'(CX)%'()&#%,$*)1<)-'&$#&-(%0)<$$(-'9)T80]c%,$'),$)+-3)UVU_X)
confirm the intertidal feeding behavior of large cownose and eagle rays. On the bare 

intertidal flats of the Bijagós Archipelago, intertidal ‘ray pits’ created during high tide 

allow for quantification of intertidal feeding behavior (!"#$%&'(EXD)M0&"139")5$)*"15)
&"%&:)1')%7$#%9$:) -'&$#&-(%0)#$*13#,$*)/%P$)3+)!_Vq)1<) &"$)(-$&)1<)#%.*) -')&"$)G%',)

(JM#93-')%'()&"$)G-H%9I*)M#,"-+$0%91:)5$)%0*1)*"15)&"%&)&"$*$)*+$,-$*)%#$)9$'$#%0-*&)

/$*1+#$(%&1#*)T!"#$%&'(CXD)!"$#$<1#$:)-&) -*)($K%&%K0$)5"$&"$#)&"$*$)*+$,-$*:)5"-,")
%0*1) "%7$) %,,$**) &1) *3K&-(%0) +#$.:) %#$) &"$) +#-/%#.) ,%3*$) 1<) +#$(%&-1')/1#&%0-&.) -')

-'&$#&-(%0) +#$.D) O10015-'9) &"$) *%/$) #$%*1'-'9:) *"1#$K-#(*) %#$)/1#$) 0-P$0.) &1) ,%3*$)

"-9"$#)/1#&%0-&.) #%&$*)%/1'9) -'&$#&-(%0)+#$.)(3$) &1) &"$-#) #$0-%',$)1') &"$*$)+#$.)%*)

+#-/%#.)<11()*13#,$*)TY-$#*/%)UV`U:)61##$-%),$)+-3)UVU_XD)4%#9$)#%.*)%#$)/1#$)0-P$0.)

&1),1'&#-K3&$)&1)&"$)/1#&%0-&.)#%&$*)1<)K011(.),1,P0$*:)%*)&"$.)/%.)K$)1'$)1<)&"$)1'0.)

T/%#-'$X)/$*1+#$(%&1#)*+$,-$*)%K0$) &1),#%,P) &"$-#)"%#()*"$00*) T80]c%,$'),$)+-3)UVU_:)

4$/#%K1&&)UVU_XD)!"$*$)#%.*)/%.)-'(-#$,&0.)-',#$%*$)<11()%7%-0%K-0-&.)<1#)/1003*,-71#$)

*"1#$K-#(*)K.)#$(3,-'9)&"-*),1/+$&-&-7$)K-7%07$)T80]c%,$'),$)+-3)UVUV:)4$/#%K1&&)UVU_XD)

c15$7$#:)0%#9$),15'1*$)#%.*)"%7$)K$$')($*,#-K$()%*)9$'$#%0-*&*)&"%&)/%.)K$)3'%K0$)
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to affect prey abundance (Ajemian and Powers, 2012, Collins ,$)+-3)UV`UXD)A7$#%00:)#%.*)

%#$),"%#%,&$#-R$()%*)9$'$#%0-*&)/$*1+#$(%&1#*:)%'()&"$-#)#10$) -')*&#3,&3#-'9)K$'&"-,)

,1//3'-&-$*)-*)3',0$%#)%'()'$$(*)<3#&"$#)-'7$*&-9%&-1')T!"#$%&'(C: O015$#*),$)+-3)UVU`XD)
!"$)($,0-'$)-')K1&")*"1#$K-#(*)%'()#%.*)-*),1',$#'-'9:)%*)&"-*)#$+#$*$'&*)%)*,$'%#-1)

5"$#$)&51)0%#9$)9#13+*)1<)-'&$#&-(%0)/$*1+#$(%&1#*)%#$)(-*%++$%#-'9D

:;&')&-.$%&'+7'*;&'$%*&#*$)".'@&,+(#&)"*+#
The steep declines of sharks and rays in our two focal areas and the significant 

($,0-'$*) 1<)/%'.) *"1#$K-#(*) %01'9) &"$) 8%*&) M&0%'&-,) O0.5%.) TA3(/%') ,$) +-3) UVUV:)

c$'#-n3$*) ,$) +-3 2022) results in a simplification of the intertidal food web and a 

01**)1<)$,1019-,%0)-'&$#%,&-1'*D)M0&"139")(-*,3**$()%&)0$'9&")-')Chapters 7 and 9:);)
#$-&$#%&$)"$#$)&"$)-/+1#&%',$)1<)&"$),1$i-*&$',$)1<)&"$*$)*+$,-$*D

M0&"139") &"$*$)/$*1+#$(%&1#)9#13+*)17$#0%+),1'*-($#%K0.) -') -'&$#&-(%0)"%K-&%&)%'()

#$*13#,$) 3*$) T!"#$%&'( CX:) &"$-#) +1&$'&-%0) ,1/+$&-&-1') <1#) #$*13#,$*) %'() -'&#%93-0()
<%,-0-&%&-1')/%.)K$)-/+1#&%'&)-')*&#3,&3#-'9)-'&$#&-(%0),1//3'-&-$*)T2%#7$.)%'()F"-0$*:)

UV`^X:)%'()&"$*$)+#1,$**$*)%#$)0-P$0.)&1)1,,3#)*-/30&%'$13*0.D)O1#)$i%/+0$:),15'1*$)

#%.*)/%.)-'(-#$,&0.)<%,-0-&%&$)*"1#$K-#(*)K.)#$(3,-'9),1/+$&-&-1')-')+#$.),1//3'-&-$*:)

%'() *&-'9#%.*) %#$)/1#$) 0-P$0.) &1) ,1/+$&$)5-&") %)5-($#) #%'9$)1<) *"1#$K-#(*) (3$) &1)

&"$-#) $i+01-&%&-1') 1<) *-/-0%#) +#$.) TFigure 11.3). Therefore, a simplification of the 

$0%*/1K#%',") ,1//3'-&.) T-D$D:) %) *"-<&) &1) <%*&]9#15-'9) *+$,-$*) *3,") %*)/-0P) *"%#P*)

%'()*/%00)*&-'9#%.*:)F%0P$#)%'()c-*01+)`ZZ\:)?307.),$)+-3)UVVV:)a%K%(1),$)+-3)UV`bX)%'()

9$'$#%0) 01**) 1<)/$*1+#$(%&1#) #-,"'$**)/%.) ,%3*$) %) *"-<&) &1) (1/-'%'&) +#$.) &"%&) -')

&3#')/%.)13&,1/+$&$)1&"$#)+#$.)*+$,-$*)&"%&)%#$)-/+1#&%'&)&1)<11()5$K)<3',&-1'-'9)

T$D9D:)(1/-'%',$)1<) &"$)K011(.),1,P0$)%'() 03,-'-()K-7%07$*) -')&"$)G%',)(JM#93-':)7%')

2-0*),$)+-3)UV`_:)80]c%,$'),$)+-3)UVUVXD)!"$)(-*%++$%#%',$)1<)+#1K-'9)%'()K3##15-'9)

mesopredators may also have non-trophic cascading effects by lowering bioturbation 

#%&$*:)%$#%&-1')1<)*$(-/$'&*:)%'()($,#$%*-'9)"%K-&%&)"$&$#19$'$-&.)&"#139")%)01**)1<)

/-,#1"%K-&%&),#$%&-1') T!"#$%&'(E:) 7%')2-0*),$)+-3)UV`_:)AJ="$%),$)+-3)UV`UXD)O-'%00.:)%)
01**) -') &"$*$)/$*1+#$(%&1#*)%0*1)/$%'*)%) 01**) -')901K%0)$,1*.*&$/),1''$,&-7-&.:)%*)

/-9#%&1#.)*"1#$K-#(*)0-'P)K1#$%0)$,1*.*&$/*)5-&")&#1+-,%0)/%#-'$)$,1*.*&$/*)&"#139")

&"$-#) -'&$#%,&-1'*) -') &"$) -'&$#&-(%0)5-&") $0%*/1K#%',"*) TFigure 11.1; Chapter 8XD) ;')
*+,(H) ;) *"15) &"%&) -'&$#&-(%0) %#$%*) &"%&)%#$) -/+1#&%'&) <1#) *"1#$K-#(*)%#$) 0-P$0.)%0*1)
-/+1#&%'&)<1#)#%.*)%'()&"%&)&"$)*+$,-$*),1/+1*-&-1')1<)K1&")/$*1+#$(%&1#*)/%.)K$)

,1##$0%&$(D) !"-*) <3#&"$#)"-9"0-9"&*) &"$) -/+1#&%',$)1<) &"$-#) ,1$i-*&$',$) <1#) -'&$#&-(%0)

$,1*.*&$/) <3',&-1'-'9) %'() &"%&) "-9"$#) +#$(%&1#*:) *3,") %*) 0%#9$]K1(-$() *"%#P*:)

+1&$'&-%00.)/%-'&%-')*&%K0$)*&%&$*)1<)-'&$#&-(%0)/$*1+#$(%&1#),1$i-*&$',$D
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A7$#%00:)&"$)-'&$#&-(%0)-*)%')-/+1#&%'&)%'()(.'%/-,)$'7-#1'/$'&)<1#)*"1#$K-#(*)%'()

$0%*/1K#%',"*:)5"-,")3'($#0-'$*)&"$)-/+1#&%',$)1<)&"$*$)%#$%*)<1#),1'*$#7-'9)&"$*$)

730'$#%K0$)*+$,-$*)%'()&"$-#)$,1019-,%0)-'&$#%,&-1'*D

5.(&2$Z#4,.(
!"$) -/+1#&%',$) 1<) -'&$#&-(%0) %#$%*) &1) &"$) $,1019.) 1<) *"%#P*) %'() #%.*) *"130() K$)

,1'*-($#$()-')%#$%]K%*$(),1'*$#7%&-1')/$%*3#$*)5"-0$)-',1#+1#%&-'9)&"$)'$$(*)1<)

01,%0) ,1//3'-&-$*) #$0-%'&) 1') /%#-'$) #$*13#,$*D) C$,1//$'(%&-1'*) <1#) -/+#17$()

fisheries management were discussed above (Table 11.1XD) c$#$:) ;) (-*,3**) &"$)
-/+1#&%',$)1<)-',03(-'9)$0%*/1K#%',")$,1019.)%'()01,%0),1//3'-&-$*)-')%#$%]K%*$()

,1'*$#7%&-1')/$%*3#$*:)5"-,")-*)$*+$,-%00.)-/+1#&%'&)-')&"$)#%,$)&1)+#1&$,&)_Vq)1<)

&"$)1,$%')K.)UV_VD

Conserving intertidal areas (I)
!"$#$)-*)%)9$'$#%0)/-*/%&,")K$&5$$')&"$)01,%&-1')1<)+#1&$,&$()%#$%*)%'()K-1(-7$#*-&.)

"1&*+1&*) %'() -/+1#&%'&) "%K-&%&*) T4-'($9#$') ,$) +-3) UV`\:)L1#%(-) ,$) +-3) UV`ZXD) !"-*)

/-*/%&,") /%.) 3'($#/-'$) &"$) 1KH$,&-7$*) 1<) /%#-'$) +#1&$,&$() %#$%*) TLYM*X) &1)

+#1&$,&)&"#$%&$'$()*+$,-$*:)%#$%*)1<)"-9")K-1019-,%0)(-7$#*-&.)%'()$**$'&-%0)"%K-&%&*:)

%'()&1)/%-'&%-')$,1*.*&$/)*$#7-,$*)TF%&*1'),$)+-3)UV`WXD)M*),13'&#-$*)%#$)K13'()&1)

+#1&$,&)_Vq)1<)&"$-#)&$##-&1#-$*)K.)UV_V)3'($#)&"$)_Vi_V);'-&-%&-7$)1<)&"$)61'7$'&-1')

1')G-1019-,%0)?-7$#*-&.)T?-'$#*&$-'),$)+-3)UV`ZX:)&"$#$)-*)/1/$'&3/)&1)-',1#+1#%&$)&"$)

$,1019.)1<)730'$#%K0$)*+$,-$*)9#13+*)-'&1)'$5)%#$%]K%*$()/%'%9$/$'&)*&#%&$9-$*D)

M*)*3,":)&"-*)/%.)+#$7$'&)+#1&$,&$()%#$%*)<#1/)K$-'9)($*-9'%&$()K%*$()1')$,1'1/-,)

and political decisions, which are less effective in achieving conservation objectives 

TG%##) ,$) +-3) UV`_:) N$'&$#) ,$) +-3) UV`\XD) L30&-+0$) -'-&-%&-7$*) '15) $i-*&) &1) ($0-'$%&$)

ecologically important areas for different vulnerable taxa to indicate where protected 

%#$%*)*"130()K$)($*-9'%&$()-<),1'*$#7%&-1')1<)&"%&)&%i%)-*)&"$)1KH$,&-7$)TTable 11.2XD)

Table 11.2 ;/+1#&%'&)%#$%)-'-&-%&-7$*)&1)($0-'$%&$)-/+1#&%'&)$,1019-,%0)*-&$*)<1#)%7-%')%'()/%#-'$)
taxa. This now includes our efforts on the Important Shark and Ray Area (ISRA) initiative (*+,(4XD

210%0#%0:& Focal species Year 9&5/'0$%0+1
;/+1#&%'&)G-#()%'()G-1(-7$#*-&.)M#$%*)
T;GM*X

G-#(* `Z[V* ?1'%0(),$)+-3)TUV`ZX

;/+1#&%'&)L%#-'$)L%//%0)M#$%*)
T;LLM*X

L%#-'$)/%//%0* UV`^ !$&0$.),$)+-3)TUVUUX

;/+1#&%'&)L%#-'$)!3#&0$)M#$%*)T;L!M*X L%#-'$)&3#&0$* UV`Z G%'(-/$#$),$)+-3)TUVU`X
;/+1#&%'&)="%#P)%'()C%.)M#$%*)T;=CM*X ="%#P*:)#%.*)%'()

,"-/$#%*
UVUU c.($),$)+-3)TUVUUX
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="%#P*)%'()#%.*)%#$)'15),1'*-($#$()&"$)*$,1'(]/1*&)&"#$%&$'$()*+$,-$*)9#13+)1<)%00)

7$#&$K#%&$)&%i%)T%<&$#)%/+"-K-%'*m);YG8=)UV`Z:)?307.),$)+-3)UVU`XD)?$*+-&$)&"-*:)'1)-'-&-%&-7$)

&1)($0-'$%&$)&"$)-/+1#&%'&)$,1019-,%0)%#$%*)<1#)&"$*$)*+$,-$*)$i-*&$(D);')UVUU:)5$)51#P$()

5-&")%')-'&$#'%&-1'%0)&$%/)1<)#$*$%#,"$#*)<#1/)&"$);>6@)=+$,-$*)=3#7-7%0)61//-**-1')

="%#P)=+$,-%0-*&)2#13+)&1)($&$#/-'$)&"%&);/+1#&%'&)="%#P)%'()C%.)M#$%*)T;=CM*X)*"130()

($0-'$%&$) %#$%*) &"%&) %#$) TMX) -/+1#&%'&) &1) &"#$%&$'$() *+$,-$*:) TGX) <#$n3$'&0.) 3*$() K.)

#%'9$]#$*&#-,&$()*+$,-$*:)T6X)-/+1#&%'&)&1)&"$-#)0-<$,.,0$)T$D9D:)#$+#1(3,&-7$)%'()<$$(-'9)

%#$%*X:) %'() T?X)"%7$)(-*&-',&)K-1019-,%0:) K$"%7-1#%0)1#)$,1019-,%0) %&&#-K3&$*)1#) *3++1#&)

-/+1#&%'&) (-7$#*-&.) 1<) *"%#P) %'() #%.) *+$,-$*) T*+,( 4XD) ;=CM*) %#$) +#-/%#-0.) -'&$'($()
&1) +#17-($) -'<1#/%&-1') &1) ($,-*-1']/%P$#*) #$9%#(-'9) +#-1#-&.) %#$%*) &1) -',03($) -') &"$)

($7$01+/$'&)1<)%#$%]K%*$()+#1&$,&-7$)/$%*3#$*)<1#)*"%#P*)%'()#%.*D)=-/-0%#0.:);/+1#&%'&)

G-#()%'()G-1(-7$#*-&.)M#$%*)T;GM*X)%#$)'15)%)/%-'),1/+1'$'&)1<)&"$)Q$.)G-1(-7$#*-&.)

M#$%*)<#%/$51#P)1<) &"$)61'7$'&-1')1<)G-1019-,%0)?-7$#*-&.) T?1'%0(),$)+-3)UV`ZXD)F"$')

,1'*-($#$() ,100$,&-7$0.:) &"$*$) -/+1#&%'&) %#$%*)"-9"0-9"&)5"-,") %#$) $,1019-,%00.) ,#3,-%0)

<1#) %) 7%#-$&.) 1<) &"#$%&$'$() &%i%) %'(:) &"$#$<1#$:)/%.) K$) -'*&#3/$'&%0) -')/%i-/-R-'9)

&"$),1'*$#7%&-1')1<)/30&-+0$)&%i%)1<)-'&$#$*&D)!"-*)-*)%0*1)&#3$)<1#)-'&$#&-(%0)%#$%*:)%*)5$)

*"15)&"%&)&"$*$)%#$)-/+1#&%'&)&1)&"#$%&$'$()*"%#P)%'()#%.)*+$,-$*)T;=CM),#-&$#-1')MX:)

/%'.)1<)5"-,")%#$)$'($/-,)T;=CM),#-&$#-1')GX)%'()3*$)&"$*$)%#$%*)%*)<$$(-'9)#$<39-%)

/1*&0.)(3#-'9)$%#0.)0-<$)*&%9$*)T;=CM),#-&$#-1')6m)Chapters 7 and 8XD)L1*&)0%#9$)-'&$#&-(%0)
%#$%*)%#$)%0#$%(.)($*-9'%&$()%*) ;GM*:) #$,19'-R-'9) &"$-#) -/+1#&%',$) &1) &"$)$,1019.)1<)

*"1#$K-#(*D)!"$)17$#0%+)K$&5$$') ;GM*)%'() ;=CM*) -') -'&$#&-(%0)%#$%*) <3#&"$#)"-9"0-9"&*)

&"$)P$.)$,1019-,%0) #10$)1<) &"$*$)%#$%*)&1)/30&-+0$) &"#$%&$'$()&%i%D)M*)*3,":) -&) -*),0$%#)

&"%&) -'&$#&-(%0) %#$%*)5%##%'&)$'"%',$() ,1'*$#7%&-1') <1#) &"$*$)(-7$#*$)/$*1+#$(%&1#)

%**$/K0%9$*)T*+,(HXD)63##$'&0.:)_`q)1<)-'&$#&-(%0)%#$%*)%#$)01,%&$()-')+#1&$,&$()%#$%*:)
5"-,") -*),1'*-($#%K0.)"-9"$#),1/+%#$()&1) &"$)+#1&$,&$()*3#<%,$)%#$%)1<)/%#-'$) T^qX)

%'()&$##$*&#-%0)T`_qX)*.*&$/*)Tc-00),$)+-3)UVU`XD)M*),13'&#-$*)&"%&)%#$)*-9'%&1#-$*)&1)&"$)

_Vi_V) -'-&-%&-7$)%#$) #$n3-#$() &1)+#1&$,&)_Vq)1<) &"$-#) &$##-&1#-%0)5%&$#*:) &"$)17$#0%+) -')

-/+1#&%'&)%#$%*)+#$*$'&*)%')1++1#&3'-&.)&1)/%i-/-R$)+#1&$,&-1')<1#)730'$#%K0$)/%#-'$)

%'()%7-%')&%i%)-')-'&$#&-(%0)%#$%*D)c15$7$#:);)5%'&)&1)*&#$**)&"%&)($*-9'%&-'9)+#1&$,&$()

%#$%*)<1#)*"%#P),1'*$#7%&-1')-*)H3*&)&"$)*&%#&:)%*)K1&")&"$)G%',)(JM#93-')%'()&"$)G-H%9I*)

M#,"-+$0%91)%#$)T1#),1'&%-'X)/%#-'$)+#1&$,&$()%#$%*D)o$&:)&"$-#)$0%*/1K#%',")+1+30%&-1'*)

are overexploited, and illegal fisheries persist.

Fisheries and local livelihoods (J)
!"$)($,0-'$*)-')*"%#P)%'()#%.)+1+30%&-1'*)%#$),1',$#'-'9)'1&)1'0.)<#1/)%')$,1019-,%0)

perspective but also from a socioeconomic one. The declines observed in fish stocks 
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51#0(5-($:) $*+$,-%00.) -') ,1%*&%0) #$9-1'*:) +1*$) %) (-*+#1+1#&-1'%&$0.) "-9") &"#$%&) &1)

&"$) 01,%0),1//3'-&-$*) &"%&)($+$'()1')/%#-'$)#$*13#,$*)%*) &"$)+#-/%#.)*13#,$)1<)

*3K*-*&$',$)1#)-',1/$)T210($'),$)+-3)UV`^XD)="%#P)%'()#%.)/$%&)-*)%')$**$'&-%0)*13#,$)

1<)+#1&$-')<1#)/%'.),1%*&%0),1//3'-&-$*)51#0(5-($)T20%3*),$)+-3)UV`Z:)@-$($/p00$#)

,$)+-3)UVU`XD)!"$) &1&%0)7%03$)1<) &"$) &#%($) -')*"%#P)%'()#%.)/$%&) -*)$*&-/%&$() &1)K$)

2.6 billion USD, whereas the total market value of the fin trade is estimated to be 

`Db) K-00-1') >=?) T@-$($/p00$#) ,$) +-3) UVU`XD) !"$#$<1#$:) &"$) ($,0-'$) 1<) &"$*$) *+$,-$*)

%*)%)#$*13#,$)<3#&"$#) -/+%,&*)&"$)#$*-0-$',$)1<),1//3'-&-$*)&"%&)($+$'()1')&"$/)

&"#139")&"$)01**)1<)-',1/$)%'()<11()*$,3#-&.D

In the Banc d’Arguin, shark and ray meat is destined for export, though fisheries are 

%0*1),#3,-%0)<1#)&"$)01,%0)$,1'1/.)%'()*3K*-*&$',$)'$$(*)1<);/#%93$'),1//3'-&-$*)

T4$/#%K1&&),$)+-3)UVU_XD);')&"$)G-H%9I*)M#,"-+$0%91:)*"%#P)%'()#%.)/$%&)-*),1'*3/$()

01,%00.)%'()-*)%')-/+1#&%'&)+#1&$-')*13#,$)T!"#$%&'(8:)6#1**)UV`WXD);')K1&")%#$%*:)*"%#P)
fins are exported to international markets (Diop and Dossa 2011). In addition, sharks 

%'()#%.*)"%7$)%)"-9"),30&3#%0)7%03$)-')G-H%9I),1//3'-&-$*:)%'()&"$-#)(-*%++$%#%',$)

5130()-/+%,&)&"$)01'9]*&%'(-'9)&#%(-&-1'*)%'()K$0-$<*)1<)&"$*$),1//3'-&-$*)T*+,(-XD)
The impact of overfishing by small-scale fisheries is apparent, whereas the impact 

(or contribution) of industrial fisheries on coastal livelihoods is unknown. Although 

&"$*$)0%#9$)-'(3*&#-%0)7$**$0*)%#$)/1*&0.)#$*&#-,&$()&1)($$+$#)5%&$#*:)&"$-#)-'&#3*-1')

into areas destined for small-scale fisheries does occur and is known to increase 

competition between these two fisheries elsewhere (Ponte ,$)+-3)UVV[:)M/$.%5),$)+-3

2021). I propose essential changes in fisheries management (Table 11.1X)%'()5%'&)
&1)3'($#0-'$) &"%&)*1,-1$,1'1/-,)%*+$,&*)'$$() &1)K$) -',03($() -') &"$)/%'%9$/$'&)

of (shark) fisheries and MPAs (e.g., Booth ,$) +-3) UV`Z:) Q%#'%() ,$) +-3) UVUVXD) G%*$()

on the experience of field researchers working with local communities, we show 

&"%&) $%#0.) -'7107$/$'&) 1<) 01,%0) ,1//3'-&-$*) -') *&3(.) ($*-9':) -/+0$/$'&%&-1':)

%'() ,1//3'-,%&-1') 1<) 13&,1/$*) 9#$%&0.) -/+#17$*) &"$) 9$'$#%&-1') %'() 3+&%P$) 1<)

information on shark and ray fisheries and trade (!"#$%&'()GXD)!"-*)-'<1#/%&-1':)-')
&3#':) ,1'&#-K3&$*) &1) &"$)%(%+&-7$)/%'%9$/$'&)1<) &"$*$) *+$,-$*)5"-0$) ,1'*-($#-'9)

&"$)'$$(*)1<),1%*&%0),1//3'-&-$*)TG11&"),$)+-3)UV`Z:)20%3*),$)+-3)UV`ZXD)!"-*)-',03($*)

prioritizing the needs of local fishing communities by increasing the profitability 

of sustainable small-scale fisheries and local trade, and by providing alternative 

livelihoods when new conservation measures interfere with fisheries.
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G#,('9.(91/&,.(&'#()'8/4/$2'),$294,.(&
Based on our findings, I conclude that intertidal areas are important ecological areas 

<1#)*"%#P*)%'()#%.*D)!"$*$)(.'%/-,),1%*&%0)%#$%*)+#17-($)<$$(-'9)#$<39-%)&1)&"$)$%#0.)

0-<$)*&%9$*)1<)730'$#%K0$)*"%#P*)%'()#%.*:)%'()-')(1-'9)*1:)&"$*$)*+$,-$*)-'&$#%,&)5-&")

&"$) %K3'(%'&) E015]&-($)/$*1+#$(%&1#*J) 1<) &"$) -'&$#&-(%0]) *"1#$K-#(*D) M0&"139") &"$)

specifics of these interactions are species-dependent and require additional research, 

;) $/+"%*-R$) &"%&) *"1#$K-#(*) %'() $0%*/1K#%',"*) &19$&"$#) +0%.) %') -/+1#&%'&) #10$)

%*) -'&$#&-(%0)/$*1+#$(%&1#*)%'() 0-P$0.) *"%+$) -'&$#&-(%0) ,1//3'-&-$*) &"#139") &"$-#)

-'&$#%,&-1'*D)c15$7$#:) -') &"$)F$*&) M<#-,%') #$9-1':) *"%#P*) %'() #%.*) %#$) '%7-9%&-'9)

E!#13K0$()F%&$#*J)3'($#)&"$),1'&-'3$()#-*P)1<)*&#%'(-'9)K.)-'&$#&-(%0)"%K-&%&)3*$)%'()

subject to pressures from fisheries present within the intertidal areas and along its 

K1#($#*D);')&"-*)#$9-1':)&"$),1'&-'3$()#$/17%0)1<)*"%#P*)%'()#%.*)K.)-'(3*&#-%0)%'()

small-scale fisheries has caused their conservation status to deteriorate significantly, 

,%3*-'9)/%'.) &1) K$) &"#$%&$'$()5-&") $i&-',&-1'D) !"$) *$n3$'&-%0) ($,0-'$) 1<) *"%#P*:)

guitarfishes and now (smaller) rays may have altered these ecosystems considerably, 

-',03(-'9) &"$-#) n3%0-&.) %*) -/+1#&%'&) 5-'&$#-'9) %#$%*) <1#) /-9#%&1#.) *"1#$K-#(*D) ;')

&3#':) &"-*) %0*1) &"#$%&$'*) &"$) #10$)1<) -'&$#&-(%0)/$*1+#$(%&1#*) -') 901K%0) $,1*.*&$/)

,1''$,&-7-&.:)%*)&"$-#)-'&$#%,&-1'*)-')&"$)&#1+-,%0)-'&$#&-(%0),1''$,&)M#,&-,j&$/+$#%&$)

&$##$*&#-%0)$,1*.*&$/*)T-D$D:)*"1#$K-#()/17$/$'&*X)&1)/%#-'$)$,1*.*&$/*)T-D$D:)*"%#P)

%'()#%.)/17$/$'&*XD)!"-*)901K%0)$,1*.*&$/),1''$,&-7-&.)"-9"0-9"&*)&"$)-/+1#&%',$)

1<)-/+#17$(),1'*$#7%&-1')1<)-'&$#&-(%0)%#$%*)%'()&"$-#)"-9"])%'()015]&-($)+#$(%&1#*)

&"#139"13&)&"$)$'&-#$)#%'9$)1<)&"$-#)/17$/$'&*D

Future research efforts should prioritize tackling data deficiency of sharks and rays 

in the region by improving species-specific knowledge, including shedding light on 

how these species connect different ecosystems and populations, and how their 

movements overlap with both small-scale and industrial fisheries. This knowledge 

is crucial for their cost-effective conservation in West Africa. Strengthening existing 

01,%0) #$*$%#,") ,%+%,-&.) *"130() K$) +#-1#-&-R$() &1) *&-/30%&$) 01'9]&$#/)/%'%9$/$'&)

*&#%&$9-$*D) 8i-*&-'9) #$930%&-1'*) <1#)/%'%9-'9) *"%#P*) %'() #%.*) -') K1&") *&3(.) %#$%*)

*"130()K$)-/+0$/$'&$()%'()$'<1#,$(D)c15$7$#:)'$5)*&#%&$9-$*)%#$)"-9"0.)'$$($()

&1) $'"%',$) &"$) +#1&$,&-1') 1<) $0%*/1K#%',"*:) %'() &"-*) &"$*-*) "%*) +#$*$'&$()

*3,") #$,1//$'(%&-1'*:) -',03(-'9) &"$) ,01*3#$) 1<) -/+1#&%'&) $,1019-,%0) *-&$*) %'()

restricting targeted catches of threatened species. As intertidal areas, fisheries and 

$0%*/1K#%',"*) %#$) ,01*$0.) 0-'P$() &1) ,1%*&%0) ,1//3'-&-$*:) &"$) -'7107$/$'&) %'()

0-7$0-"11(*)1<)&"1*$)5"1)#$0.)1')&"$)*$%)&"$)/1*&)*"130()%05%.*)K$)*%<$93%#($(D)
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!"$) -'&$#&-(%0),%')K$)%),"%00$'9-'9)$'7-#1'/$'&) <1#)K1&")+#$.)%'()+#$(%&1#*:) *1)

*+$,-$*)#$0.)1')&"$-#)%(%+&%&-1'*)&1)3*$)&"$*$)"-9"0.)(.'%/-,)"%K-&%&*D)!1)($&$#/-'$)

"15) *"1#$K-#(*) %'() #%.*) -'&$#%,&) -') -'&$#&-(%0) %#$%*:) ;) ,1/+%#$) &"$-#) K3##15-'9)

,%+%K-0-&-$*) %'() ($&$#/-'$) &"$) ,1##$0%&-1') 1<) *+$,-$*) #-,"'$**) K$&5$$') &"$*$)

/$*1+#$(%&1#)9#13+*)<1#)0%#9$)-'&$#&-(%0)%#$%*)T*$$)/$&"1(*)-')M++$'(-i)2D`XD

5.U7#$#4,Z2'0/$$.T,(N')274"&'.8',(42$4,)#1'U2&.7$2)#4.$&

;'&$#&-(%0)+#$.)*+$,-$*),%')%(%+&)K.)/17-'9)5-&")&"$)&-($)&1)($$+$#)5%&$#*)1#)&-($)

+110*)1#)K.)#$&#$%&-'9)-'&1)&"$)*$(-/$'&D)=1/$)*+$,-$*)#$&#$%&)-'&1),1/+0$i)K3##15)

networks (e.g., ghost shrimp and fiddler crabs). Yet, other species (e.g., bivalves) 

#$0.)1') &"$-#)/1#+"1019-,%0)%(%+&%&-1'*) &1)$i,"%'9$)1i.9$')%'()'3&#-$'&*)5"-0$)

K3#-$()-')&"$)*$(-/$'&D)!"$*$)%(%+&%&-1'*)1<)-'&$#&-(%0)+#$.)*+$,-$*),1/+0-,%&$)&"$-#)

$i+01-&%&-1')K.)-'&$#&-(%0)T/$*1X+#$(%&1#*)5"1*$)<1#%9-'9)-*)%0#$%(.)0-/-&$()(3$)&1)

&"$),1'&-'313*)&-(%0),.,0$)%'()%**1,-%&$()%,,$**-K-0-&.)&1)-'&$#&-(%0)"%K-&%&*)%'()+#$.)

T4$3#*),$)+-3)UVU_XD)!"$)%K-0-&.)1<)%)+#$(%&1#)&1)%,,$**)+1&$'&-%0)$'(1K$'&"-,)+#$.)

*+$,-$*) -*)&"$#$<1#$)'1&)1'0.)($&$#/-'$()K.)&"$)&-/$)&"%&)&"$)-'&$#&-(%0)"%K-&%&) -*)

%,,$**-K0$)K3&)%0*1)K.)&"$)-'&$#+0%.)K$&5$$')+#$.)K3##15-'9)($+&")%'()&"$)+#1K-'9)

1#)K3##15-'9),%+%K-0-&-$*)1<)&"$)+#$(%&1#)T$D9D:)B5%#&*)%'()F%'-'P)`Z\WXD)

!1) *3++1#&) &"$) ".+1&"$*-*) &"%&) *"1#$K-#(*) %'() #%.*) 3*$) &"$) *%/$) -'&$#&-(%0)

#$*13#,$*:) ;) *"15) &"%&) K1&")/$*1+#$(%&1#) 9#13+*) ,%') %,,$**) +#$.) %&) *-/-0%#)

*$(-/$'&) ($+&"*) K3&) /%-'0.) 5-&"-') &"$) &1+) *$(-/$'&) 0%.$#*) T"bV//) ($+&"m)

Figure G1XD) ;') &"$*$) 0%.$#*:) %00) /$*1+#$(%&1#) &%i%) ,%') %,,$**) +#$.) *+$,-$*D)
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prey, diff erent taxa of shorebirds and rays may be associated. Although the 
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functioning of marine ecosystems and local communities that depend on fisheries. 

>-4+ (5#&7'+ ",+ -$5&)+ 0(*'$.6&)74*+ ")+ '-4+ 47"%"=(7&%+ ."%4+ ",+ *-&./*+ &)0+ .&1*+ ()+

intertidal ecosystems - i.e., habitats (often soft-bottom flats) exposed during low tide 

?+(*+#"".%1+$)04.*'""03+4*#47(&%%1+()+'-4+@4*'+A,.(7&)+.4=("):+B)+'-(*+'-4*(*3+B+&00.4**+
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'-4+@4*'+A,.(7&)+.4=(")C+'-4+D&)7+0EA.=$()+()+F&$.('&)(&+&)0+'-4+D(G&=H*+A.7-(#4%&="+

in Guinea-Bissau, placing results into a regional and global (intertidal) context. This 

thesis addresses the central question: “How do fisheries impact the role of sharks and 

.&1*+&*+ ()'4.'(0&%+#.40&'".*3+&)0+-"<+0"4*+'-(*+#"'4)'(&%%1+ (5#&7'+"'-4.+#.40&'".*+
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&00.4**+'-(*+K$4*'(")3+<-(7-+B+*$55&.(L40+7")*47$'(94%1:
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We studied the extent of industrial and small-scale fisheries to determine their 

(5#&7'+")+*-&./+&)0+.&1+#"#$%&'(")*+()+'-4+D&)7+0EA.=$()+&)0+'-4+D(G&=H*+A.7-(#4%&="+

2!"#$%&'()). For this, we used data from industrial fishing vessels’ onboard ‘Automatic 

Identification System’ (AIS) to determine the distribution of their fishing activity near 

6"'-+*'$01+&.4&*+2*+,-$".(/8:+@4+'-4)+7"56()40+'-(*+<('-+(),".5&'(")+")+*-&./+&)0+

ray catches by fishers in the waters of Mauritania and Guinea-Bissau. We found that 

industrial fishing effort is concentrated around the borders of the marine protected 

&.4&*3+<('-+MNO+&)0+MPO+",+'-4+&.4&+&."$)0+'-4+6".04.*+",+'-4+D&)7+0EA.=$()+&)0+

Bijagós Archipelago impacted by fishing activity, respectively. We further show that 
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@4+.47")*'.$7'40+'-4+#"#$%&'(")+7-&)=4*+"94.+'-4+#&*'+047&04*+()+6"'-+*'$01+&.4&*+

'"+ 04'4.5()4+ &+ -(*'".(7&%+ 6&*4%()4+ ,".+ *-&./*+ &)0+ .&1*:+ B)+ '-4+ D&)7+ 0EA.=$()3+ <4+

6&*40+#"#$%&'(")+'.4)0*+")+%&)0()=+*('4+*$.941*+2*+,-$".(0) and fishers’ ecological 
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These results show that sharks and rays are at risk from small-scale fisheries locally, 

whereas individuals moving outside these areas are at risk from industrial fisheries. 

;') %((-&-1':) &"$) %7%-0%K0$) /%#-'$) "%K-&%&) -') -'&$#&-(%0) %#$%*) *"#-'P*) (#%/%&-,%00.)

5-&")&"$)#$,$(-'9)&-($:)/%P-'9)&"$*$)*+$,-$*)$7$')/1#$)*3*,$+&-K0$)&1),%+&3#$)%'()

decreasing survivability in intertidal fishing gear. Therefore, future research should 

quantify the relative risk of both fisheries to shark and ray populations in intertidal 

areas and examine how fisheries intervene with these species’ movements across 

$,1*.*&$/)K13'(%#-$*D

2$0&#,$*3'I'6$7&'8$,*+#3
!"$) 0%,P) 1<) -'<1#/%&-1') 1') &"$) 1,,3##$',$) 1<) *"%#P*) %'() #%.*) 1#) &"$-#) 0-<$) ,.,0$)

hampers the effective management of these species. This is especially relevant in the 
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T!"#$%&'(@XD)F$)*"15)&"%&) &"-*) &$,"'-n3$),%')*3,,$**<300.)K$)3*$() -')#$/1&$)%'()
data-deficient intertidal areas to detect the presence of threatened sharks and rays. 

We concluded that the presence of some species differs across the dry and rainy 

*$%*1'*)%'()&"%&),#-&-,%00.)$'(%'9$#$()*,%001+$()"%//$#"$%()T<50'&#+)-,Z%#%X)%'()

blackchin guitarfish are still widely distributed throughout the archipelago. In total, 
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,1//1'0.)1,,3##-'9)$0%*/1K#%',")*+$,-$*D);')!"#$%&'(AR(we specifically studied this 

*+$,-$*) T+$%#0)5"-+#%.X) %'() *"15$() &"%&) -&) -*) %) <%*&]9#15-'9) *+$,-$*) &"%&)/%&3#$*)

K$&5$$')UDU)%'()_DZ).$%#*)1<)%9$)%'(),1/+0$&$*) -&*)$'&-#$) 0-<$,.,0$) -') &"$)G-H%9I*)
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c15$7$#:) 5$) *"15) &"%&) -'&$#&-(%0) "%K-&%&*) %#$) %0*1) 3*$() K.) 7%#-13*) *"%#P) %'() #%.)

*+$,-$*) T!"#$%&'( B). Globally, we identified 43 shark and 45 ray species that use 

-'&$#&-(%0)"%K-&%&*D)!"$*$)"%K-&%&*)%#$)/%-'0.)3*$()%*)<$$(-'9)#$<39-%)K.)$%#0.)0-<$)*&%9$*)

1#)*/%00]K1(-$()*+$,-$*D)F$),1',$+&3%0-R$)&"$)*"%#$()-'&$#&-(%0)"%K-&%&)%'()#$*13#,$)

3*$)K.)*"%#P*:)#%.*:)%'()*"1#$K-#(*:)%'()"15)&"$)($,0-'$)1<)$0%*/1K#%',")+1+30%&-1'*)

can affect intertidal ecosystem functioning. In !"#$%&'(C:)5$) *&3(-$() &"-*)+1&$'&-%0)
17$#0%+)K$&5$$')*"%#P*)%'()*"1#$K-#(*)<3#&"$#)%'()($&$#/-'$()&"%&)$0%*/1K#%',"*)
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Next to playing a significant role in the ecosystem’s food web, we also show that 

K$'&"-,) #%.*) -') &"$) G-H%9I*) M#,"-+$0%91) ,%') ,"%'9$) &"$) K-19$1/1#+"1019.) %'()

/%,#1R11K$'&"-,),1//3'-&-$*)1<)-'&$#&-(%0)"%K-&%&*)T!"#$%&'(EXD)G$'&"-,)#%.*)*3,")
%*)&"$),1//1')+$%#0)5"-+#%.),%')&3#')17$#)&"$)$'&-#$)&1+]*$(-/$'&)0%.$#)$7$#.)U[)

(%.*D)!"-*)-*)$7-($',$)1<)%)0%'(*,%+$]5-($)-/+%,&)1<)*/%00)K$'&"-,)#%.*)%'()*399$*&*)

that removing their predators or fisheries directly targeting this species may impact 

&"$)K#1%($#)<3',&-1'-'9)1<)-'&$#&-(%0)$,1*.*&$/*D

Conservation
!1) $'%K0$) &"$) -',03*-1') 1<) $,1019-,%00.) -/+1#&%'&) %#$%*) <1#) *"%#P*) %'() #%.*) -'&1)
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from field researchers who conducted shark value chain assessments and emphasize 

the necessity to include local researchers and fishers in the process is essential for 

%,,3#%&$)(%&%),100$,&-1':),1//3'-,%&-'9)13&,1/$*:)%'()<1#)%(%+&-7$)/%'%9$/$'&)

strategies to be effective (!"#$%&'()GXD

!"%"5&@&%*'?@(.$-"*$+%,
!"-*) &"$*-*) ,1',03($*) &"%&) *"%#P*) %'() #%.*) "%7$) %') -/+1#&%'&) #10$) %*) +#$(%&1#*)

%'() -') *1,-1]$,1'1/-,) *.*&$/*) -') T-'&$#&-(%0X) ,1%*&%0) ,1//3'-&-$*D) c15$7$#:) %*)

shown throughout the thesis, intertidal sharks and rays are threatened by fisheries 
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`D Improve data collection regarding industrial and small-scale fisheries catches 

K.)*&#$'9&"$'-'9)01,%0)#$*$%#,"),%+%,-&.D
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prevent interactions between elasmobranchs and fisheries or other human 

%,&-7-&-$*D

_D Restrict the use of specific intertidal fishing methods to reduce fishing 

/1#&%0-&.)1<)*"%#P*)%'()#%.*D

WD Enforce protected area boundaries and limit fisheries to registered vessels.

bD Involve local communities in enforcing fishing regulations and ensure equality 

across fisheries value chains.
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0-'P*)%,#1**)$,1*.*&$/)K13'(%#-$*D)!"$)#10$)1<)*"%#P*)%'()#%.*) -') &"$) <3',&-1'-'9)

1<) -'&$#&-(%0) $,1*.*&$/*) %'() &"$-#) -/+1#&%',$) &1) ,1%*&%0) 0-7$0-"11(*) *"130() K$)

-'&$9#%&$()-'&1)<3&3#$),1'*$#7%&-1')*&#%&$9-$*D
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!#U2(Z#44,(N
c%%-$')$')#199$')S$0%*/1K#%',"$'X)51#($')K$(#$-9()(11#)/$'*$0-HP$)%,&-7-&$-&$'D)

;') ,1/K-'%&-$) /$&) "3') 0%'9R%/$) +1+30%&-$9#1$-) "$$<&) (-&) 5$#$0(5-H() 9$0$-() &1&)

%<'$/$'($)"%%-$'])$')#199$'+1+30%&-$*D)?$R$)%<'%/$)K$(#$-9&)"$&)<3',&-1'$#$')7%')

/%#-$'$)$,1*.*&$/$')$')01P%0$)P3*&9$/$$'*,"%++$')(-$)%<"%'P$0-HP)R-H')7%')7-**$#-HD)

?$)-'701$()7%')/$'*$0-HP$)7$#*&1#-'9$')1+)($)$,1019-*,"$)#10)7%')"%%-$')$')#199$')

-')5%(($'9$K-$($') T9$K-$($') (-$) &-H($'*) 0%%9&-H) (#1197%00$'m)5%(($'9$K-$($'X) -*)

1'(3-($0-HPD)8#) -*)711#%0)"$$0)5$-'-9)K$P$'()17$#)($R$)*11#&$') -')F$*&]M<#-P%%'*$)

5%(($'9$K-$($'D);')(-&)+#1$<*,"#-<&)#-,"&)-P)/$)(%%#1/)1+)($)&5$$)9#11&*&$)5%(($')

$,1*.*&$/$')7%')F$*&]M<#-P%S)($)G%',)(JM#93-')-')L%3#-&%'-õ)$')($)G-H%9I*)M#,"-+$0)

-')23-'$$]G-**%3:)5%%#K-H)-P)($)#$*30&%&$')11P)-')$$')-'&$#'%&-1'%%0)+$#*+$,&-$<)+0%%&*D)

?$)"11<(7#%%9)(-$)-P)-')(-&)+#1$<*,"#-<&)K$%'&511#()-*S)kc1$)K$ú'701$(&)7-**$#-H)($)#10)

7%')"%%-$')$')#199$')-')5%(($'9$K-$($':)$')"1$)K$ú'701$(&)(-&)"3')-'&$#%,&-$)/$&)

%'($#$)(-$#$')%%')($)&1+)7%')($)71$(*$0P$&$')TK-H711#K$$0()/-9#$#$'($)5%(719$0*X)

$')"$&) <3',&-1'$#$')7%')($R$)$,1*.*&$/$'glD)?-&)+#1$<*,"#-<&) -*)1+9$($$0() -')7-$#)

&"$/%J*:)(-$)-P)"-$#)%,"&$#$$'7109$'*)*%/$'7%&D

Visserij
F$)"$KK$')($)1/7%'9)7%')-'(3*&#-õ0$])$')P3*&7-**$#-H)K$*&3($$#()711#)($)P3*&)7%')F$*&]

M<#-P%:)1/)7$#7109$'*)"3')-/+%,&)1+)($)"%%-$'])$')#199$'+1+30%&-$*)-')($)G%',)(JM#93-')

$')($)G-H%9I*)M#,"-+$0)&$)K$+%0$')THoofdstuk 1XD)c-$#711#)9$K#3-P&$')5$)9$9$7$'*)7%')
het ‘Automatic Identification System’ (AIS) aan boord van industriële vissersschepen 

1/) R1) ($) 7$#*+#$-(-'9) 7%') 7-**$#-H%,&-7-&$-&$') -') ($) K33#&) 7%') K$-($) *&3(-$9$K-$($')

&$) K$+%0$') THoofdstuk 2XD) ?-&) "$KK$') 5$) 9$,1/K-'$$#() /$&) (%&%) 7%') "%%-$']) $')
#199$'7%'9*&$') (11#) -'(3*&#-õ0$) 7-**$#**,"$+$') -') ($) 5%&$#$') 7%') L%3#-&%'-õ) $')

23-'$$]G-**%3D)?%%#K-H)1'&($P&$')5$)(%&)($)-'(3*&#-õ0$)7-**$#-H)R-,"),1',$'&#$$#&)#1'()($)

9#$'R$')7%')K$*,"$#/($)9$K-$($':)5%%#K-H)#$*+$,&-$7$0-HP)[Uq)$')[\q)7%')"$&)9$K-$()

#1'()($)9#$'R$')7%')($)G%',)(JM#93-')$')($)G-H%9I*)M#,"-+$0)51#(&)K$7-*&D)A1P)0%&$')5$)

R-$')(%&)($)K-H7%'9*&)7%')"%%-$')$')#199$')-')($R$)5%&$#$')"119)P%')R-H'D

N$#($#) "$KK$') 5$) ($) 7$#%'($#-'9$') -') ($) "%%-$']) $') #199$'+1+30%&-$*) 17$#) ($)

%<9$01+$')($,$''-%)-')P%%#&)9$K#%,"&:)1/)R1)$$')-($$)&$)P#-H9$')7%')($)11#*+#1'P$0-HP$)

%%'5$R-9"$-()7%')($R$)*11#&$'D)?-&)P1'($')5$)7$#7109$'*)9$K#3-P$')%0*)#$<$#$'&-$)

1/) ($) /%&$) 7%') +1+30%&-$%<'%/$) -') &$) P3''$') *,"%&&$'D) ;') ($) G%',) (JM#93-')

K%*$$#($')5$)($)+1+30%&-$&#$'(*)1+)7-*-'7$'&%#-*%&-$*)%<P1/*&-9)7%')7-**$#-H"%7$'*)

THoofdstuk 3X)$') -')($)G-H%9I*)M#,"-+$0)K%*$$#($')5$)($R$)1+)P$''-*)7%')7-**$#*)
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(-$)5$) 711#) (-&) (1$0) "$KK$') 9$ú'&$#7-$5() THoofdstuk 4XD)F$) ,1',03($$#($') (%&)
($) "%%-$']) $') #199$'+1+30%&-$*) R$$#) *&$#P) R-H') %<9$'1/$') -') ($) %<9$01+$') ^V)

H%%#D) =1//-9$) *11#&$':) R1%0*) ($) R5%#&P-']9-&%%##19) TA-+1/"2$,(12) /,*%/1-12X) $')

"%/$#"%%-$'*11#&$')T<50'&#+)2553X:)R-H')R$0<*)/$&)/$$#)(%')ZVq)%<9$'1/$')&3**$')

`Z^V)$')UVUVD

?$R$)#$*30&%&$')0%&$')R-$')(%&)"%%-$')$')#199$')1+)01P%0$)*,"%%0)51#($')K$(#$-9()

(11#)P3*&7-**$#-H:)&$#5-H0)*11#&$')(-$)R-,")11P)K3-&$')($R$)P3*&9$K-$($')K$9$7$')(%%#)

11P)-')%%'#%P-'9)P1/$')/$&)-'(3*&#-õ0$)7-**$#-HD)G17$'(-$')P#-/+&)($)K$*,"-PK%#$)

/%#-$'$)"%K-&%&)-')5%(($'9$K-$($')(#%/%&-*,")&-H($'*)%<9%%'()&-H:)5%%#(11#)($R$)

*11#&$') &-H($'*)$K)'19)7%&K%%#($#)51#($')711#)7%'9*&)$')"3')17$#0$7-'9*P%'*$')

7$#($#) %<'$/$'D) !1$P1/*&-9) 1'($#R1$P) R13) R-,") (%%#1/) /1$&$') #-,"&$') 1+)

"$&) -') P%%#&) K#$'9$') 7%') ($) #-*-,1J*) 7%') K$-($) 7-**$#-H71#/$') 711#) "%%-$']) $')

#199$'+1+30%&-$*)-')5%(($'9$K-$($'D

2$0&#,$*&$*'I'6&0&%,-3-.1,
?$) K$*,"$#/-'9) 7%') F$*&]M<#-P%%'*$) "%%-$') $') #199$') 51#(&) /1/$'&$$0) *&$#P)

K$0$//$#()(11#)"$&)9$K#$P)%%')-'<1#/%&-$)17$#)"3')%%'5$R-9"$-()$')+1+30%&-$*&%&3*D)

?%%#1/) "$KK$') 5$) $$') #$0%&-$<) '-$35$) /$&"1($:) E$'7-#1'/$'&%0) ?@MJ) T$?@MX:)

9$K#3-P&)1/)($)*11#&$'#-HP(1/)7%')($)"%%-$'])$')#199$'9$/$$'*,"%+)-')($)G-H%9I*)

M#,"-+$0) &$) K$+%0$') THoofdstuk 5XD) L$&) ($R$) &$,"'-$P) 51#(&) (-$#0-HP) ?@M) 3-&) $$')
watermonster gefilterd om zo de aanwezigheid van een soort vast te stellen. F$)0%&$')

R-$')(%&)($R$)&$,"'-$P)*3,,$*710)P%')51#($')9$K#3-P&)-')%<9$0$9$')5%(($'9$K-$($')

1/)($)%%'5$R-9"$-()7%')K$(#$-9($)"%%-$')$')#199$')7%*&)&$)*&$00$'D)?11#)/-(($0)7%')

($R$) &$,"'-$P)P1'($')5$),1',03($#$')(%&)($)/$&)3-&*&$#7$')K$(#$-9($)9$*,"30+&$)

"%/$#"%%-)T<50'&#+)-,Z%#%X)$')($)R5%#&P-']9-&%%##19)'19)*&$$(*)5-H(7$#*+#$-()R-H') -')

($)%#,"-+$0D);')&1&%%0)"$KK$')5$)($)%%'5$R-9"$-()7%')`_)*11#&$')TU)"%%-$'*11#&$')$')

``)#199$'*11#&$'X)7%*&9$*&$0(:)5%%#7%')bWq)/$&)3-&*&$#7$')51#(&)K$(#$-9(D)?$)#19)

!"#$%$&'("#)*+&(+&%$,--+)-*)($)/$$*&)711#P1/$'($)*11#&D);')Hoofdstuk 6 K$*&3($$#($')
5$)($R$)#199$'*11#&)T!"#$%$&'("#)*+&(+&%$,--+X)7$#($#:)$')&11'($')5$)%%')(%&)"$&)$$')

*'$09#1$-$'($) *11#&) -*)(-$) &3**$')($)U:U) $')_:Z) H%%#) 9$*0%,"&*#-H+)51#(&) $')(%&) %00$)

0$7$'**&%(-%)7%')($R$)*11#&)TH1'9$)$')7105%**$')K$$*&$'X)-')($)G-H%9I*)711#P1/$'D

9++#*&%$%*&#"-*$&,
F%(($'9$K-$($') R-H') &1&) '3) 711#'%/$0-HP) 1'($#R1,"&) 7%'3-&) $$') 0%%95%&$#]) T$KX)

$')5%(719$0+$#*+$,&-$<D);')Hoofdstuk 7)0%&$')5$)$,"&$#)R-$')(%&)"%%-$')$')#199$')
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11P) 5%(+0%&$') 9$K#3-P$') &-H($'*) "1195%&$#) T701$(XD) F$#$0(5-H() "$KK$') 5$) W_)

haaiensoorten en 45 roggensoorten geïdentificeerd die habitats in waddengebieden 

9$K#3-P$'D)?$R$)"%K-&%&*)51#($')711#'%/$0-HP)9$K#3-P&)%0*)*,"3-0+0%%&*)$')%0*)7$-0-9)

<1$#%9$$#9$K-$()1/(%&)9#1&$)#11<(-$#$')$#)'-$&)P3''$')P1/$'D)?%%#'%%*&)K$*,"#-H7$')

5$) ($) &"$1#-$) (%&) R15$0) "%%-$') $') #199$':) %0*) 5%(719$0*) ($R$0<($) "%K-&%&) $')

71$(*$0K#1''$')9$K#3-P$':)$')"1$)7-**$#-H)($R$)-'&$#%,&-$)&3**$')($R$)*11#&9#1$+$')

R13)P3''$')K$ú'701$($'D);')Hoofdstuk 8 "$KK$')5$ ($R$)/19$0-HP$)17$#0%+)&3**$')
"%%-$') $') 5%(719$0*) 7$#($#) 1'($#R1,"&) $') 7%*&9$*&$0() (%&) $0%*/1K#%',"$') $')

/-9#$#$'($) 5%(719$0*) 9$($$0&$0-HP) 7$#9$0-HPK%#$) "%K-&%&*) $') 71$(*$0K#1''$')

9$K#3-P$'D)?$)17$#0%+) &3**$')5%(719$0*) $') #199$') -*) %%'R-$'0-HP:) %%'9$R-$')($R$)

*11#&9#1$+$')U\) &1&) WUq)17$#0%++$') -')"3')9$K#3-P) 7%') 71$(*$0K#1''$') -')($R$)

gebieden, en vergelijkbare posities (trofisch niveau 2.3 tot 4.3) innemen. Hoewel 

R$) $$') 9$*,"$-($') 0$7$') 0$-($') %0*) 9$7109) 7%') "$&) 7$#%'($#$'($) 9$&-H) 9$K#3-P$')

#199$') T&-H($'*)"119&-HX)$')5%(719$0*) T&-H($'*) 0%%9&-HX) &1,")7$#9$0-HPK%#$)+#11-$') -')

"$&)5%(($'9$K-$($'D

@%%*&) ($) K$0%'9#-HP$) #10) %0*) #11<(-$#$') -') /%#-$'$) $,1*.*&$/$':) 0%&$') 5$) 11P)

R-$') (%&) #199$') -') ($) G-H%9I*) M#,"-+$0) ($) K-19$1/1#<1019-$) $') K1($/<%3'%)

7%') 5%(($'9$K-$($') P3''$') 7$#%'($#$') THoofdstuk 9XD) Y-H0*&%%#&#199$') R1%0*)
!"#$%$&'("#) *+&(+&%$,--+) P3''$') $0P$) U[) (%9$') ($) 9$"$0$) &1+0%%9) 7%') ($) K1($/)

1/51$0$'D)?-&)-*)K$5-H*)7%')$$')0%'(*,"%+*K#$($)-/+%,&)7%')($R$)7$$0711#P1/$'($)

#199$')$')*399$#$$#&)(%&)"$&)7$#5-H($#$')7%')"3')+#$(%&1#$':)1<)(-#$,&$)7-**$#-H)1+)

($R$)*11#&$':)"$&)<3',&-1'$#$')7%')5%(($')$,1*.*&$/$')P%')K$ú'701$($'D

4&;+1)'0"%'9++#*&%
A/) $#711#) &$) R1#9$') (%&) 9$K-$($') (-$) $,1019-*,") K$0%'9#-HP) R-H') 711#) "%%-$') $')

#199$')-')P%%#&)51#($')9$K#%,"&)$')51#($')1+9$'1/$')-')K$*&%%'($)/%%&#$9$0$')

711#) '%&33#K$"13(:) "$KK$') 5$) ,#-&$#-%) K$*,"#$7$') 711#) R19$"$&$') E;/+1#&%'&)

="%#P) %'() C%.) M#$%*J) T;=CM*m) *+,( 4XD) ?$R$) ;/+1#&%'&) ="%#P) %'() C%.) M#$%*)
7$#&$9$'511#(-9$')9$K-$($')(-$)K$0%'9#-HP) R-H') 711#) $$')1<)/$$#($#$)"%%-$']) $')

#199$'*11#&$':) R1%0*) /-9#%&-$#13&$*:) 9$K-$($') /$&) 7$$0) K$(#$-9($) *11#&$') 1<)

9$K-$($') /$&) $$') P#%%/P%/$#<3',&-$D) ?$R$) ;=CMJ*) 711#R-$') '%&33#K$"$$#($#*)

$') K$0$-(*/%P$#*) 17$#) 5$0P$) 9$K-$($') K$*,"$#/() R13($') /1$&$') 51#($') %0*)

R-H) "%%-$']) $') #199$'+1+30%&-$*) K$&$#) 5-00$') K$*,"$#/$'D) c%%-$') $') #199$') R-H')

$,"&$#)'-$&)%00$$')$,1019-*,")K$0%'9#-HP:)/%%#)/%P$')11P)($$0)3-&)7%')($),1/+0$i$)

*1,-%%0$,1'1/-*,"$)*.*&$/$')7%')7$$0)/$'*$0-HP$)P3*&9$/$$'*,"%++$'D)?-&)-*)11P)

"$&)9$7%0)-')K$-($)*&3(-$9$K-$($':)5%%#)7-**$#-H)$$')K$0%'9#-HP$)&#%(-&-$)-*)$')$$')7%')
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($)K$0%'9#-HP*&$)-'P1/*&$'K#1''$')-*D);')Hoofdstuk 10)1/*,"#-H7$')5$)K$0%'9#-HP$)
0$**$') (-$) 7$0(1'($#R1$P$#*) 5$#$0(5-H() "$KK$') 9$0$$#() &-H($'*) "$&) K$*&3($#$')

7%')($)7-**$#-H)$')"%'($0)-')"%%-$')$')#199$'D)?$R$)1'($#R1$P$#*)K$'%(#3PP$')($)

'11(R%%P) 1/) 01P%0$) 1'($#R1$P$#*) $') 7-**$#*) K-H) 7-**$#-H1'($#R1$P) &$) K$&#$PP$'D)

?-&) -*) $**$'&-$$0) 711#) "$&) 7$#R%/$0$') 7%') 9$71$0-9$) -'<1#/%&-$) 17$#) 7-**$#-H:) "$&)

communiceren van resultaten en voor het stimuleren van effectiever (lokaal) beheer 

7%')"%%-$')$')#199$'D

4&;&&#")0$&,
;')(-&)+#1$<*,"#-<&),1',03($$#)-P)(%&)"%%-$')$')#199$')$$')K$0%'9#-HP$)#10)*+$0$')%0*)

#11<(-$#$') -')5%(($'9$K-$($')$')(%&)($R$) *11#&$')K-H(#%9$')%%')($) &#%(-&-$*)$')

$,1'1/-$) 7%') 01P%0$) P3*&9$/$$'*,"%++$'D)F$) "$KK$') $,"&$#) -') (-&) +#1$<*,"#-<&)

%%'9$&11'() (%&) "%%-$') $') #199$') K$(#$-9() 51#($') (11#) ($) 7-**$#-H) K-''$') $')

K3-&$')9#1&$)5%(($'9$K-$($'D) ;' Hoofdstuk 11 +#$*$'&$$#) -P)(%%#1/)$$')%%'&%0)
%%'K$7$0-'9$')1/)"$&) &-H) &$) P$#$') 711#)($)K$*,"$#/-'9) 7%')"%%-$')$') #199$') -')

F$*&]M<#-P%D)?-&)R-H')($)K$0%'9#-HP*&$S)

`D )N$#K$&$#)"$&)7$#R%/$0$')7%')7%'9*&9$9$7$'*)-')($)-'(3*&#-õ0$)$')P3*&7-**$#-H)

(11#)01P%0$)1'($#R1$P*,%+%,-&$-&)&$)7$#*&$#P$'D

UD Identificeer belangrijke ecologische gebieden voor haaien en roggen binnen 

($R$) 9$K-$($') 1/) R1) -'&$#%,&-$*) &3**$') $0%*/1K#%',"$') $') 7-**$#-H) &$)

7$#/-'($#$'D

_D Beperk het gebruik van specifieke vismethoden in het waddengebied om 

17$#0$7-'9)7%')"%%-$')$')#199$')%0*)K-H7%'9*&)&$)7$#9#1&$'D

WD B1#9) $#711#) (%&) 9#$'R$') 7%') K$*,"$#/($) 9$K-$($') *&#$'9$#) 51#($')

9$"%'("%%<()$')K$+$#P)7-**$#-H)&1&)9$#$9-*&#$$#($)7-**$#*D

bD G$&#$P) 01P%0$)9$/$$'*,"%++$')K-H)($)"%'("%7-'9)7%') #$9$09$7-'9)$')R1#9)

711#)9$0-HP"$-()-')($)01P%0$)7-*"%'($0D

B1'($#)/%%&#$9$0$')(#$-9$')"%%-$')$')#199$')3-&)($)G%',)(JM#93-')$')($)G-H%9I*)

M#,"-+$0)&$)7$#(5-H'$'D)c1$5$0)7$#($#)1'($#R1$P)'1(-9) -*)1/)($)9$7109$')7%')(-&)

7$#0-$*)7$#($#)-')P%%#&)&$)K#$'9$':)-*)"$&)(3-($0-HP)(%&)($R$)*11#&$')$$')K$0%'9#-HP$)

*,"%P$0)R-H')&3**$')7$#*,"-00$'($)$,1*.*&$/$'D)?$)#10)7%')"%%-$')$')#199$')711#)"$&)

<3',&-1'$#$')7%')5%(($')$,1*.*&$/$')h')"3')K$0%'9)711#)P3*&9$/$$'*,"%++$')

/1$&)711#1+9$*&$0()51#($')-')"$&)K$"$$#)7%')($R$)K$0%'9#-HP$)9$K-$($'D
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4$*)+1+30%&-1'*)($)#$n3-'*)$&)($)#%-$*)T0$*)h0%*/1K#%',"$*X)*3K-**$'&)0%)+#$**-1')($*)

%,&-7-&h*)"3/%-'$*D)6$&&$)*-&3%&-1':)$'),1'H1',&-1')%7$,)3'$),#1-**%',$)(h/19#%+"-n3$)

0$'&$:)%)$'&#%ù'h)3')(h,0-')($*)+1+30%&-1'*)($)#$n3-'*)$&)($)#%-$*D)6$)(h,0-')/$'%,$)

%,&3$00$/$'&)0$)<1',&-1''$/$'&)($*)h,1*.*&ê/$*)/%#-'*)%-'*-)n3$)0$*),1//3'%3&h*)

01,%0$*)n3-)(h+$'($'&)($)0%)+{,"$D)4J-/+%,&)($*)+$#&3#K%&-1'*)"3/%-'$*)*3#)0$)#û0$)

h,1019-n3$)($*)#$n3-'*)$&)($*)#%-$*)(%'*)0$*)h,1*.*&ê/$*)-'&$#&-(%3i)]),J$*&]Ä](-#$)0$*)

"%K-&%&*)T*137$'&)($*)<1'(*X)$i+1*h*)Ä)/%#h$)K%**$)])$*&)/%0),1''3:)$')+%#&-,30-$#)(%'*)

0%)#h9-1')($) 0JM<#-n3$)($) 0JA3$*&D)?%'*),$&&$) &"ê*$:) HJ%K1#($),$&&$) -/+1#&%'&$) 0%,3'$)

$')/$) ,1',$'&#%'&) *3#) 0$*) ($3i) +03*) 9#%'(*) h,1*.*&ê/$*) -'&$#&-(%3i) ($) 0%) #h9-1')

13$*&]%<#-,%-'$) S) 0$)G%',)(JM#93-')$')L%3#-&%'-$)$&) 0JM#,"-+$0)($*)G-H%9I*)$')23-'h$]

G-**%3:) $') +0%|%'&) 0$*) #h*30&%&*) (%'*) 3') ,1'&$i&$) T-'&$#&-(%3iX) #h9-1'%0) $&)/1'(-%0D)

Cette thèse aborde la question centrale: «Comment les pêcheries influencent-elles 

0$)#û0$)($*)#$n3-'*)$&)($*)#%-$*)$')&%'&)n3$)+#h(%&$3#*)-'&$#&-(%3i:)$&),1//$'&),$0%)

affecte-t-il potentiellement d’autres prédateurs (par exemple, les oiseaux marins) et le 

<1',&-1''$/$'&)($)0Jh,1*.*&ê/$)g)Y13#)#h+1'(#$)Ä),$&&$)n3$*&-1':)H$)/$),1',$'&#$)*3#)

n3%&#$)&"ê/$*:)n3$)H$)#h*3/$)-,-)($)<%|1'),1'*h,3&-7$D

CJ-;&
Nous avons étudié l’étendue de la pêche industrielle et artisanale afin de déterminer 

0$3#) -/+%,&) *3#) 0$*) +1+30%&-1'*) ($) #$n3-'*) $&) ($) #%-$*) (3) G%',) (JM#93-') $&) ($)

0J%#,"-+$0)($)G-H%9I*)T.&/%0+1(2XD)Y13#),$0%:)'13*)%71'*)3&-0-*h)0$*)(1''h$*)(3)*.*&ê/$)
d’identification automatique (AIS) embarqué à bord des navires de pêche industrielle 

afin de déterminer la distribution de leurs activités de pêche à proximité des 

($3i) R1'$*)(Jh&3($) T!"#$0%'&( 6XD)@13*) %71'*) $'*3-&$) ,1/K-'h) ,$*)(1''h$*) %7$,)
0$*) -'<1#/%&-1'*)*3#) 0$*),%+&3#$*)($)#$n3-'*)$&)($)#%-$*)+%#) 0$*)+{,"$3#*)(%'*) 0$*)

eaux de Mauritanie et de Guinée-Bissau. Nous avons constaté que l’effort de pêche 

-'(3*&#-$00$)$*&),1',$'&#h)%3&13#)($*)0-/-&$*)($*)%-#$*)/%#-'$*)+#1&h9h$*:)%7$,)[Uq)

$&)[\q)($) 0%)R1'$)%3&13#)($*) 0-/-&$*)(3)G%',)(JM#93-')$&)($) 0JM#,"-+$0)($*)G-H%9I*)

&13,"h$)#$*+$,&-7$/$'&)+%#)0J%,&-7-&h)($)+{,"$D)@13*)/1'&#1'*)h9%0$/$'&)n3$)0$*)

+#-*$*)%,,$**1-#$*)($)#$n3-'*)$&)($)#%-$*)+$37$'&){&#$)h0$7h$*)(%'*),$*)$%3iD

@13*) %71'*) #$,1'*&#3-&) 0$*) ,"%'9$/$'&*) ($) +1+30%&-1') %3) ,13#*) ($*) ($#'-ê#$*)

décennies dans les deux zones d’étude afin de déterminer une base historique pour les 

#$n3-'*)$&)0$*)#%-$*D)M3)G%',)(JM#93-':)'13*)%71'*)K%*h)0$*)&$'(%',$*)(h/19#%+"-n3$*)

*3#) 0$*)h&3($*)($*)*-&$*)($)(hK%#n3$/$'&)($*)+#1(3-&*)($)0%)+{,"$)TChapitre 3) $&)
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*3#)0$*),1''%-**%',$*)h,1019-n3$*)($*)+{,"$3#*)($)0J%#,"-+$0)($)G-H%9I*)TChapitre 4)D)
@13*)%71'*),1',03)n3$)0$*)+1+30%&-1'*)($)#$n3-'*)$&)($)#%-$*)1'&)<1#&$/$'&)(h,0-'h:)

,$#&%-'$*) $*+ê,$*) T9#13+$*X:) &$00$*) n3$) 0$) #%-$]93-&%#$) TA-+1/"2$,(12) /,*%/1-12X) $&) 0$)

#$n3-']/%#&$%3)T<50'&#+)2553X:)(-/-'3%'&)($)+03*)($)ZV)q)$'&#$)`Z^V)$&)UVUVD

6$*)#h*30&%&*)/1'&#$'&)n3$)0$*)#$n3-'*)$&)0$*)#%-$*)*1'&)/$'%,h*)01,%0$/$'&)+%#)0%)

+{,"$)Ä)+$&-&$)h,"$00$:)&%'(-*)n3$)0$*)-'(-7-(3*)*$)(h+0%|%'&)$')($"1#*)($),$*)R1'$*)

*1'&)/$'%,h*)+%#)0%)+{,"$)-'(3*&#-$00$D)8')13&#$:)0J"%K-&%&)/%#-')(-*+1'-K0$)(%'*)0$*)

R1'$*)-'&$#&-(%0$*)*$)#h(3-&),1'*-(h#%K0$/$'&)%7$,)0$)#$,30)($)0%)/%#h$:),$)n3-)#$'()

,$*)$*+ê,$*)$',1#$)+03*)*3*,$+&-K0$*)(J{&#$),%+&3#h$*)$&)(-/-'3$) 0$3#),%+%,-&h)($)

*3#7-$)(%'*)0$*)$'9-'*)($)+{,"$)-'&$#&-(%3iD)Y%#),1'*hn3$'&:)0$*)#$,"$#,"$*)<3&3#$*)

devraient quantifier le risque relatif des deux pêcheries pour les populations de 

#$n3-'*)$&)($)#%-$*)(%'*)0$*)R1'$*)-'&$#&-(%0$*)$&)($7#%-$'&)%3**-)$i%/-'$#),1//$'&)

0$*) +{,"$#-$*) -'&$#7-$''$'&) (%'*) 0$*) /137$/$'&*) ($) ,$*) $*+ê,$*) Ä) &#%7$#*) 0$*)

<#1'&-ê#$*)($)0Jh,1*.*&ê/$D

2$0&#,$*K'&*';$,*+$#&')&'."'0$&
4$)/%'n3$)(J-'<1#/%&-1'*)*3#)0%)+#h*$',$)($*)#$n3-'*)$&)($*)#%-$*:)13)*3#)0$3#),.,0$)($)

vie, entrave la gestion efficace de ces espèces. Ceci est particulièrement vrai dans les 

$%3i)+$3)h&3(-h$*)($)0JM<#-n3$)($)0JA3$*&D)@13*)%71'*)3&-0-*h)0JM?@)$'7-#1''$/$'&%0)

TE$'7-#1'/$'&%0)?@MJ:)$M?@X)+13#)(h&$#/-'$#)0%)#-,"$**$)$')$*+ê,$*)($)0%),1//3'%3&h)

(Jh0%*/1K#%',"$*) (%'*) 0J%#,"-+$0) ($)G-H%9I*) T!"#$0%'&( @XD)@13*) %71'*)/1'&#h) n3$)
,$&&$)&$,"'-n3$)+$3&){&#$)3&-0-*h$)%7$,)*3,,ê*)(%'*)($*)R1'$*) -'&$#&-(%0$*)h01-9'h$*)

$&)(h+13#73$*)($)(1''h$*)+13#)(h&$,&$#)0%)+#h*$',$)($)#$n3-'*)$&)($)#%-$*)/$'%,h*D)

Nous avons conclu que la présence de certaines espèces diffère entre la saison sèche 

$&)0%)*%-*1')($*)+03-$*)$&)n3$)0$)#$n3-']/%#&$%3)"%0-,1#'$)T<50'&#+)-,Z%#%X)$&)0%)#%-$]

93-&%#$:)n3-)*1'&)9#%7$/$'&)/$'%,h*)(J$i&-',&-1':)*1'&)$',1#$) 0%#9$/$'&)#h+%'(3*)

(%'*) 0J%#,"-+$0D) M3) &1&%0:) '13*) %71'*) (h&$,&h) `_) $*+ê,$*) TU) $*+ê,$*) ($) #$n3-'*) $&)

``)$*+ê,$*)($) #%-$*X:) (1'&) bWq)*1'&)/$'%,h$*)(J$i&-',&-1'D) 4%)+%*&$'%93$)Ä)+$#0$)

T!"#$%$&'("#) *+&(+&%$,--+X) $*&) 0J$*+ê,$) (Jh0%*/1K#%',"$) 0%) +03*) #h+%'(3$D) ?%'*) 0$)

!"#$0%'&(AR(nous avons étudié spécifiquement cette espèce !"#$%$&'("#)*+&(+&%$,--+)$&)

'13*)%71'*)/1'&#h)n3J-0)*J%9-&)(J3'$)$*+ê,$)Ä),#1-**%',$)#%+-($)n3-)%##-7$)Ä)/%&3#-&h)

$'&#$)U:U)$&)_:Z)%'*)$&)n3-)%,,1/+0-&)&13&)*1'),.,0$)($)7-$)(%'*)0J%#,"-+$0)($*)G-H%9I*D

?%*&#"-*$+%,'&%*#&'&,(L-&,
4$*)"%K-&%&*)-'&$#&-(%3i)*1'&)&#%(-&-1''$00$/$'&)h&3(-h*)(3)+1-'&)($)73$)($*)/%#h$*)

K%**$*) $&) ($*) 1-*$%3i) ($) #-7%9$D) 6$+$'(%'&:) '13*) /1'&#1'*) n3$) 0$*) "%K-&%&*)
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-'&$#&-(%3i) *1'&) h9%0$/$'&) 3&-0-*h*) +%#) (-7$#*$*) $*+ê,$*) ($) #$n3-'*) $&) ($) #%-$*)

TChapitre 7). Globalement, nous avons identifié 43 espèces de requins et 45 espèces 

($) #%-$*) n3-) 3&-0-*$'&) 0$*) "%K-&%&*) -'&$#&-(%3iD) 6$*) "%K-&%&*) *1'&) +#-',-+%0$/$'&)

3&-0-*h*),1//$)#$<39$*)%0-/$'&%-#$*)+%#) 0$*)$*+ê,$*)$')+#$/-$#*)*&%($*)($)7-$)13)

0$*) $*+ê,$*) Ä) +$&-&) ,1#+*D) @13*) ,1',$+&3%0-*1'*) 0J"%K-&%&) -'&$#&-(%3i) +%#&%9h) $&)

0J3&-0-*%&-1')($*) #$**13#,$*)+%#) 0$*) #$n3-'*:) 0$*) #%-$*)$&) 0$*)1-*$%3i)($)#-7%9$:)%-'*-)

que la manière dont le déclin des populations d’élasmobranches peut affecter 

0$) <1',&-1''$/$'&) ($) 0Jh,1*.*&ê/$) -'&$#&-(%0D) M3) !"#$0%'&( C:) '13*) %71'*) h&3(-h)
(%7%'&%9$),$),"$7%3,"$/$'&)+1&$'&-$0)$'&#$) 0$*)#$n3-'*)$&) 0$*)1-*$%3i)($)/%#-'*)

$&) '13*) %71'*)(h&$#/-'h)n3$) 0$*) h0%*/1K#%',"$*) $&) 0$*) 1-*$%3i)/-9#%&$3#*) *1'&)

*3*,$+&-K0$*)(J3&-0-*$#)($*)"%K-&%&*)-'&$#&-(%3i)$&)($*)*13#,$*)($)'13##-&3#$)*-/-0%-#$*D)

4$),"$7%3,"$/$'&)($*)'-,"$*)%0-/$'&%-#$*)$'&#$)0$*)1-*$%3i)($)#-7%9$)$&)0$*)#%-$*)$*&)

+%#&-,30-ê#$/$'&)-/+1#&%'&:),%#),$*)9#13+$*)(J$*+ê,$*)+%#&%9$'&)U\)Ä)WUq)($)0$3#)

'-,"$)%0-/$'&%-#$)$&)*$)'13##-**$'&)*3#)($*)+1*-&-1'*)*-/-0%-#$*)(3)#h*$%3)%0-/$'&%-#$)

T+1*-&-1'*) &#1+"-n3$*)UD_)Ä)WD_XD)M-'*-:)K-$')n3$)*h+%#h*)+%#) 0%)/%#h$:) 0$*) #%-$*)$&)

0$*)1-*$%3i)($)#-7%9$)$i+01-&$'&)($*)+#1-$*)-'&$#&-(%0$*)*-/-0%-#$*:)#$*+$,&-7$/$'&)Ä)

/%#h$)"%3&$)$&)Ä)/%#h$)K%**$D

8') +03*) ($) H13$#) 3') #û0$) -/+1#&%'&) (%'*) 0$) #h*$%3) %0-/$'&%-#$) ($) 0Jh,1*.*&ê/$:)

'13*)/1'&#1'*)h9%0$/$'&)n3$)0$*)#%-$*)K$'&"-n3$*)($)0J%#,"-+$0)($)G-H%9I*)+$37$'&)

modifier à la fois la biogéomorphologie des habitats intertidaux ainsi que les 

,1//3'%3&h*) /%,#1R11K$'&"-n3$*) n3-) .) *1'&) +#h*$'&*) TChapitre 9)D) 4$*) #%-$*)
K$'&"-n3$*) &$00$*) n3$) 0%) +%*&$'%93$) Ä) +$#0$) +$37$'&) #$&13#'$#) 0J$'*$/K0$) ($) 0%)

,13,"$)*3+h#-$3#$)(3)*h(-/$'&)&13*)0$*)U[)H13#*D)6$0%)+#137$)n3$)0$*)+$&-&$*)#%-$*)

K$'&"-n3$*)1'&)3')-/+%,&)*3#)0J$'*$/K0$)(3)+%.*%9$)$&)*399ê#$)n3$)0Jh0-/-'%&-1')($)

0$3#*)+#h(%&$3#*)13)0$*)+{,"$#-$*),-K0%'&)(-#$,&$/$'&),$&&$)$*+ê,$)+$37$'&)%71-#)3')

-/+%,&)*3#)0$)<1',&-1''$/$'&)+03*)0%#9$)($*)h,1*.*&ê/$*)-'&$#&-(%3iD

Conservation
Y13#)+$#/$&&#$) 0J-',03*-1')($)R1'$*)h,1019-n3$/$'&) -/+1#&%'&$*)+13#) 0$*)#$n3-'*)

$&) 0$*) #%-$*) (%'*) 0$*) /$*3#$*) ($) ,1'*$#7%&-1') +%#) R1'$:) '13*) %71'*) (h,#-&) ($*)

,#-&ê#$*) +13#) 0$*) R1'$*) -/+1#&%'&$*) +13#) 0$*) #$n3-'*) $&) 0$*) #%-$*) T;=CM) m)*+,( 4XD)
4$*);=CM)-'<1#/$'&)0$*)(h,-($3#*)*3#)0$*)R1'$*)Ä)-',03#$)(%'*)0$*)*&#%&h9-$*)+%#)0$*)

R1'$*)"3/-($*),û&-ê#$*)*-) 0J1KH$,&-<)$*&)($),1'*$#7$#) 0$*)+1+30%&-1'*)($)#$n3-'*)$&)

($)#%-$*D)6$+$'(%'&:)0$*)#$n3-'*)$&)0$*)#%-$*)'$)*1'&)+%*)*$30$/$'&)-/+1#&%'&*)(J3')

+1-'&)($)73$)h,1019-n3$D);0*)<1'&)h9%0$/$'&)+%#&-$)($*)*.*&ê/$*)*1,-1]h,1'1/-n3$*)

,1/+0$i$*)($)'1/K#$3*$*),1//3'%3&h*),û&-ê#$*:).),1/+#-*)(%'*)0$*)($3i)R1'$*)
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(Jh&3($D) @13*) *130-9'1'*) 0$*) 0$|1'*) -/+1#&%'&$*) %++#-*$*) +%#) 0$*) ,"$#,"$3#*) ($)

&$##%-')n3-)1'&)/$'h)($*)h7%03%&-1'*)($)0%),"%ù'$)($)7%0$3#)($*)#$n3-'*)$&)-'*-*&1'*)

*3#)0%)'h,$**-&h)(J-',03#$)0$*),"$#,"$3#*)$&)0$*)+{,"$3#*)01,%3i)(%'*)0$)+#1,$**3*:),$)

n3-)$*&)$**$'&-$0)+13#)0%),100$,&$)($)(1''h$*)+#h,-*$*:)0%),1//3'-,%&-1')($*)#h*30&%&*)

et l’efficacité des stratégies de gestion adaptative (Chapitre 10)D

?@(.$-"*$+%,'&%'@"*$L#&')&'5&,*$+%
6$&&$) &"ê*$) ,1',03&) n3$) 0$*) #$n3-'*) $&) 0$*) #%-$*) H13$'&) 3') #û0$) -/+1#&%'&) $') &%'&)

n3$)+#h(%&$3#*) $&) $') 73$)($) 0$3#) #û0$) (%'*) 0$*) *.*&ê/$*) *1,-1]h,1'1/-n3$*)($*)

,1//3'%3&h*),û&-ê#$*)T-'&$#&-(%0$*XD)6$+$'(%'&:),1//$),$0%)%)h&h)(h/1'&#h)&13&)%3)

01'9)($)0%)&"ê*$:)0$*)#$n3-'*)$&)0$*)#%-$*)-'&$#&-(%0$*)*1'&)/$'%,h*)+%#)0$*)+{,"$#-$*)

Ä) 0J-'&h#-$3#)$&)Ä) 0J$i&h#-$3#)($),$*)R1'$*),û&-ê#$*D)Y%#),1'*hn3$'&:) 0$)!"#$0%'&())(
+#h*$'&$)($)'1/K#$3*$*)#$,1//%'(%&-1'*)7-*%'&)Ä)-'7$#*$#)0%)&$'(%',$)'h9%&-7$)

+13#),$*)$*+ê,$*)$')M<#-n3$)($)0JA3$*&D)6$00$*],-),1/+#$''$'&)S

`D M/h0-1#$#) 0%) ,100$,&$) ($) (1''h$*) ,1',$#'%'&) 0$*) ,%+&3#$*) ($) 0%) +{,"$)

-'(3*&#-$00$)$&)%#&-*%'%0$)$')#$'<1#|%'&)0$*),%+%,-&h*)($)#$,"$#,"$)01,%0$*D

UD Identifier les zones écologiques pour les requins et les raies parmi les grandes 

zones intertidales afin de prévenir les interactions entre les élasmobranches 

$&)0$*)+{,"$#-$*)13)(J%3&#$*)%,&-7-&h*)"3/%-'$*D

_D C$*&#$-'(#$) 0J3&-0-*%&-1') ($) ,$#&%-'$*) /h&"1($*) ($) +{,"$) (%'*) 0%) R1'$)

intertidale afin de réduire la mortalité par pêche des requins et des raies.

WD O%-#$)#$*+$,&$#)0$*)0-/-&$*)($*)R1'$*)+#1&h9h$*)$&)0-/-&$#)0%)+{,"$)%3i)'%7-#$*)

$'#$9-*&#h*D

bD ;/+0-n3$#) 0$*) ,1//3'%3&h*) 01,%0$*) (%'*) 0J%++0-,%&-1') ($*) #ê90$/$'&*) ($)

+{,"$)$&)9%#%'&-#)0Jh9%0-&h)$'&#$)0$*),"%ù'$*)($)7%0$3#)($)0%)+{,"$D

=%'*) -'&$#7$'&-1'*) %++#1+#-h$*:) 0%) (-*+%#-&-1') ($*) #$n3-'*) $&) ($*) #%-$*) (3) G%',)

(JM#93-')$&)($) 0J%#,"-+$0)($)G-H%9I*)$*&) -//-'$'&$D)G-$')n3$)($*)#$,"$#,"$*)<3&3#$*)

*1-$'&)'h,$**%-#$*)+13#)(h&$#/-'$#)0$*),1'*hn3$',$*)($),$&&$)+$#&$:)-0)$*&),0%-#)n3$),$*)

$*+ê,$*)%**3#$'&)($*)0-$'*)$'&#$)0$*)h,1*.*&ê/$*D)4$)#û0$)($*)#$n3-'*)$&)($*)#%-$*)(%'*)

0$)<1',&-1''$/$'&)($*)h,1*.*&ê/$*)-'&$#&-(%3i)$&)0$3#)-/+1#&%',$)+13#)0$*)/1.$'*)($)

*3K*-*&%',$),û&-$#*)($7#%-$'&){&#$)-'&h9#h*)(%'*)0$*)<3&3#$*)*&#%&h9-$*)($),1'*$#7%&-1'D
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*2&/U.
M*) +1+30%|ë$*) ($) &3K%#ë$*) $) #%-%*) T"1) 2,N+:) $0%*/1K#í'n3-1*X) $*&y1) *1K) +#$**y1)

(%*) %&-7-(%($*) "3/%'%*D) 8*&$) <%,&1:) ,1/K-'%(1) ,1/) 1) *$3) 0$'&1) ,#$*,-/$'&1)

populacional, resultou no declínio das populações de tubarões e raias. O declínio 

(1*) &3K%#ë$*) $) #%-%*) %/$%|%) 1) <3',-1'%/$'&1) (1*) $,1**-*&$/%*)/%#-'"1*) $) %*)

,1/3'-(%($*)01,%-*)n3$)($+$'($/)(%)+$*,%D)A)-/+%,&1)(%*)+$#&3#K%|ë$*)"3/%'%*)

'1)+%+$0)$,10I9-,1)(1*)&3K%#ë$*)$)(%*)#%-%*)'1*)$,1**-*&$/%*)-'&$#&-(%-*)])13)*$H%:)

'1*)"%K-&%&*) T/3-&%*) 7$R$*)K%',1*)($) *$(-/$'&1)/10$X) $i+1*&1*)(3#%'&$) %)/%#h)

K%-i%)])h)+13,1),1'"$,-(1:)$*+$,-%0/$'&$)'%)#$9-y1)(%)É<#-,%)A,-($'&%0D)@$*&%)&$*$:)

%K1#(1)$*&%) -/+1#&%'&$) 0%,3'%)($),1'"$,-/$'&1),$'&#%'(1]/$)'1*)(1-*)/%-1#$*)

$,1**-*&$/%*)-'&$#&-(%-*)(%)#$9-y1)(%)É<#-,%)A,-($'&%0S)1)G%',)(JM#93-':)'%)L%3#-&í'-%:)

$)1)M#n3-+h0%91)(1*)G-H%9I*:)'%)23-'h]G-**%3:),101,%'(1)1*)#$*30&%(1*)1K&-(1*)'3/)

,1'&$i&1)#$9-1'%0)$)901K%0) T-'&$#&-(%-*XD)8*&%)&$*$)%K1#(%)%)n3$*&y1),$'&#%0S) k61/1)

h)n3$)%)+$*,%)%<$&%)1)+%+$0)(1*)&3K%#ë$*)$)(%*)#%-%*),1/1)+#$(%(1#$*)-'&$#&-(%-*:)

$) ,1/1) h) n3$) -**1) %<$&%) +1&$',-%0/$'&$) 13&#1*) +#$(%(1#$*) T+1#) $i$/+01:) %7$*)

,1*&$-#%*)/-9#%&I#-%*X)$)1)<3',-1'%/$'&1)(1)$,1**-*&$/%glD)Y%#%)#$*+1'($#)%)$*&%)

n3$*&y1:),1',$'&#1]/$)$/)n3%&#1)&$/%*:)n3$)#$*3/-),1'*$,3&-7%/$'&$D

C&,-",
8*&3(w/1*)%)$i&$'*y1)(%)+$*,%)-'(3*&#-%0)$)(%)+$*,%)%#&$*%'%0)+%#%)($&$#/-'%#)1)*$3)

-/+%,&1)'%*)+1+30%|ë$*)($)&3K%#ë$*)$)#%-%*)'1)G%',)(JM#93-')$)'1)M#n3-+h0%91)(1*)

G-H%9I*)T.&/YZ+(2). Para tal, utilizámos dados do ‘Sistema de Identificação Automática’ 

TM;=X) %) K1#(1) (1*) '%7-1*) ($) +$*,%) -'(3*&#-%0) +%#%) ($&$#/-'%#) %) (-*&#-K3-|y1) (%)

*3%)%&-7-(%($)($)+$*,%)+$#&1)(%*)(3%*)w#$%*)($)$*&3(1) TCapítulo 2XD)8/)*$93-(%:)
,1/K-'w/1*)$*&$*)(%(1*),1/)%*)-'<1#/%|ë$*)*1K#$)%*),%+&3#%*)($)&3K%#ë$*)$)#%-%*)

efetuadas pelos pescadores nas águas da Mauritânia e da Guiné-Bissau. Verificámos 

n3$) %) +$*,%) -'(3*&#-%0) *$) ,1',$'&#%) $/) &1#'1) (%*) <#1'&$-#%*) (%*) w#$%*)/%#-'"%*)

+#1&$9-(%*:),1/)[Uq)$)[\q)(%)w#$%)$/)&1#'1)(%*)<#1'&$-#%*)(1)G%',)(JM#93-')$)(1)

M#n3-+h0%91)(1*)G-H%9I*)%<$&%(%)+$0%)%&-7-(%($)($)+$*,%:)#$*+$&-7%/$'&$D)L1*&#%/1*)

%-'(%)n3$)1)L'/+$/0)($)&3K%#ë$*)$)#%-%*)+1($)*$#)$0$7%(1)'$*&%*)w93%*D

Reconstruímos as alterações populacionais ao longo das últimas décadas em ambas 

%*)w#$%*)($)$*&3(1)+%#%)($&$#/-'%#)7%01#$*)($)#$<$#{',-%)"-*&I#-,1*)+%#%)&3K%#ë$*)

$)#%-%*D)@1)G%',)(JM#93-':)K%*$w/1*)%*)&$'({',-%*)+1+30%,-1'%-*)$/)-'n3h#-&1*)'1*)

01,%-*)($)($*$/K%#n3$)TCapítulo 3X)$)'1)M#n3-+h0%91)(1*)G-H%9I*:)'1),1'"$,-/$'&1)
$,10I9-,1)(1*)+$*,%(1#$*)TCapítulo 4). Concluímos que as populações de tubarões 
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e raias registaram um declínio acentuado, com algumas espécies (grupos), como o 

+$-i$]7-10%]+#$&1) TA-+1/"2$,(12) /,*%/1-12X) $) 1*) &3K%#ë$*]/%#&$01) T<50'&#+) 2553X:) %)

sofrerem um declínio superior a 90% entre 1960 e 2020.

8*&$*)#$*30&%(1*)/1*&#%/)n3$)1*)&3K%#ë$*)$)%*)#%-%*)$*&y1)$/)#-*,1)($7-(1)Ä)+$*,%)

de pequena escala a nível local, enquanto os indivíduos que se deslocam para fora 

($*&%*)w#$%*)$*&y1)$/)#-*,1)($7-(1)Ä)+$*,%)-'(3*&#-%0D)M0h/)(-**1:)1)"%K-&%&)/%#-'"1)

disponível nas zonas intertidais diminui drasticamente com o recuo da maré, 

tornando estas espécies ainda mais suscetíveis de serem capturadas e diminuindo 

%)*3%),%+%,-(%($)($)*1K#$7-7{',-%)'%*)%#&$*)($)+$*,%)-'&$#&-(%-*D)Y1#),1'*$93-'&$:)

investigações futuras devem quantificar o risco relativo de ambas as pescarias para 

%*)+1+30%|ë$*)($)&3K%#ë$*)$)#%-%*)'%*)R1'%*)-'&$#&-(%-*)$)$i%/-'%#)%)<1#/%),1/1)

%*)+$*,%#-%*) -'&$#7{/)'1*)/17-/$'&1*)($*&%*)$*+h,-$*)%&#%7h*)(%*)<#1'&$-#%*)(1*)

$,1**-*&$/%*D

2$0&#,$)")&'&';$,*M#$"')&'0$)"
M)<%0&%)($)-'<1#/%|y1)*1K#$)%)1,1##{',-%)($)&3K%#ë$*)$)#%-%*:)13)*1K#$)1)*$3),-,01)

de vida, dificulta a gestão efetiva destas espécies. Isto é especialmente relevante nas 

w93%*)+13,1)$*&3(%(%*)(%)É<#-,%)A,-($'&%0D)>&-0-Rw/1*)1)M?@)%/K-$'&%0)T$?@MX)+%#%)

($&$#/-'%#)%)#-n3$R%)($)$*+h,-$*)(%),1/3'-(%($)($)$0%*/1K#í'n3-1*)'1)M#n3-+h0%91)

(1*)G-H%9I*)TCapítulo 5XD)L1*&#w/1*)n3$)$*&%)&h,'-,%)+1($)*$#)3&-0-R%(%),1/)*3,$**1)
$/) w#$%*) -'&$#&-(%-*) #$/1&%*) $) ,1/) +13,1*) (%(1*) +%#%) ($&$&%#) %) +#$*$'|%) ($)

tubarões e raias ameaçados. Concluímos que a presença de algumas espécies difere 

$'&#$)%*)$*&%|ë$*)*$,%)$),"371*%)$)n3$)1)&3K%#y1]/%#&$01)T<50'&#+)-,Z%#%X)$)%)#%-%]

7-10%)T<50'&#+)-,Z%#%), criticamente ameaçados, ainda estão amplamente distribuídos 

+$01) %#n3-+h0%91D) @1) &1&%0:) ($&$&w/1*) `_) $*+h,-$*) TU) $*+h,-$*) ($) &3K%#ë$*) $)

``) $*+h,-$*) ($) #%-%*X:) (%*) n3%-*) bWq)$*&y1) %/$%|%(%*)($) $i&-'|y1D) M) #%-%]+h#10%)

T!"#$%$&'("#)*+&(+&%$,--+X)<1-)%)$*+h,-$)($)$0%*/1K#í'n3-1),1/)/%-1#)1,1##{',-%D)@1)

Capítulo 6, estudámos especificamente esta espécie (raia-pérola) e mostrámos que 

h)3/%)$*+h,-$)($),#$*,-/$'&1)#w+-(1)n3$)%/%(3#$,$)$'&#$)1*)U:U)$)1*)_:Z)%'1*)($)

-(%($)$),1/+0$&%)&1(1)1)*$3),-,01)($)7-(%)'1)M#n3-+h0%91)(1*)G-H%9I*D

?%*&#"NO&,'&%*#&'&,(K-$&,
A*)"%K-&%&*)-'&$#&-(%-*)*y1)&#%(-,-1'%0/$'&$)$*&3(%(1*)'%)+$#*+$&-7%)(%)/%#h)K%-i%)

$)(%*) %7$*) ,1*&$-#%*D)@1)$'&%'&1:)/1*&#%/1*)n3$)1*)"%K-&%&*) -'&$#&-(%-*) &%/Kh/)

*y1) 3&-0-R%(1*) +1#) 7w#-%*) $*+h,-$*) ($) &3K%#ë$*) $) #%-%*) TCapítulo 7XD) 201K%0/$'&$:)
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identificámos 43 espécies de tubarões e 45 espécies de raias que utilizam habitats 

-'&$#&-(%-*D)8*&$*)"%K-&%&*)*y1)+#-',-+%0/$'&$)3&-0-R%(1*),1/1)#$<ì9-1*)%0-/$'&%#$*)+1#)

$*+h,-$*)$/)<%*$)-'-,-%0)($)7-(%)13)+1#)$*+h,-$*)($)+$n3$'1)+1#&$D)61',$+&3%0-Rw/1*)

1)"%K-&%&)-'&$#&-(%0)+%#&-0"%(1)$)%)3&-0-R%|y1)($)#$,3#*1*)+1#)&3K%#ë$*:)#%-%*)$)%7$*)

costeiras; e a forma como o declínio das populações de elasmobrânquios pode 

%<$&%#)1)<3',-1'%/$'&1)(1)$,1**-*&$/%)-'&$#&-(%0D)@1)Capítulo 8:)$*&3(w/1*)/%-*)
aprofundadamente esta potencial sobreposição entre tubarões e aves limícolas 

T%7$*),1*&$-#%*)+$#'%0&%*X)$)($&$#/-'w/1*)n3$)h)+#17w7$0)n3$)1*)$0%*/1K#í'n3-1*)

e as aves limícolas migratórias utilizem habitats intertidais e fontes de alimento 

semelhantes. A sobreposição do nicho trófico entre as aves marinhas e as raias 

h)$*+$,-%0/$'&$)+#1<3'(%:)3/%)7$R)n3$)$*&$*)9#3+1*)($)$*+h,-$*)+%#&-0"%/)U\)%)

42% do seu nicho trófico e alimentam-se em posições semelhantes da rede trófica 

(posições tróficas 2.3 a 4.3). Assim, embora separadas pela maré, as raias e as aves 

limícolas exploram presas intertidais semelhantes durante a maré alta e a maré 

K%-i%:)#$*+$&-7%/$'&$D

Além de desempenharem um papel importante na rede trófica do ecossistema, 

/1*&#%/1*) &%/Kh/) n3$) %*) #%-%*) K$'&I'-,%*) (1) M#n3-+h0%91) (1*) G-H%9I*) +1($/)

%0&$#%#) %) K-19$1/1#<1019-%) $) %*) ,1/3'-(%($*) /%,#1R11K$'&I'-,%*) (1*) "%K-&%&*)

-'&$#&-(%-*)TCapítulo 9XD)M*)#%-%*)K$'&I'-,%*:),1/1)%)#%-%]+h#10%:)+1($/)#$7107$#)&1(%)
%),%/%(%)*3+$#-1#)(1)*$(-/$'&1)%),%(%)U[)(-%*D);*&1)+#17%)1)-/+%,&1)(%*)+$n3$'%*)

#%-%*)K$'&I'-,%*)$/)&1(%)%)+%-*%9$/)$)*39$#$)n3$)%)#$/1|y1)(1*)*$3*)+#$(%(1#$*)

13)%*)+$*,%#-%*)(-#$&%/$'&$)(-#-9-(%*)%)$*&%)$*+h,-$)+1($/)&$#)3/) -/+%,&1)/%-*)

%/+01)'1)<3',-1'%/$'&1)(1*)$,1**-*&$/%*)-'&$#&-(%-*D

Conservação
Y%#%)+$#/-&-#)%)-',03*y1)($)w#$%*)$,1019-,%/$'&$)-/+1#&%'&$*)+%#%)&3K%#ë$*)$)#%-%*)

$/)/$(-(%*)($) ,1'*$#7%|y1)K%*$%(%*)'%)w#$%:)($*,#$7$/1*),#-&h#-1*)+%#%)É#$%*)

;/+1#&%'&$*)+%#%)!3K%#ë$*)$)C%-%*)T;=CM*m)!#0,#(4XD)8*&%*)É#$%*);/+1#&%'&$*)+%#%)
!3K%#ë$*) $) C%-%*) #$+#$*$'&%/) w#$%*) -/+1#&%'&$*) +%#%) &3K%#ë$*) $) #%-%*:) ,1/1)

,1##$(1#$*)/-9#%&I#-1*:)w#$%*),1/)/3-&%*)$*+h,-$*)%/$%|%(%*)13)w#$%*)($)K$#|w#-1)

,1'"$,-(%*D)M*) ;=CM) -'<1#/%/)1*) &1/%(1#$*)($)($,-*ë$*)*1K#$)%*)w#$%*)%) -',03-#)

'%*) $*&#%&h9-%*) K%*$%(%*) '%) w#$%:) *$) 1) 1KH$&-71) <1#) ,1'*$#7%#) %*) +1+30%|ë$*) ($)

&3K%#ë$*)$)#%-%*D)@1)$'&%'&1:)1*)&3K%#ë$*)$)%*)#%-%*)'y1)*y1)%+$'%*)$,1019-,%/$'&$)

-/+1#&%'&$*:)/%*)&%/Kh/)<%R$/)+%#&$)(1*),1/+0$i1*)*-*&$/%*)*1,-1$,1'I/-,1*)($)

/3-&%*),1/3'-(%($*),1*&$-#%*:)-',03-'(1)$/)%/K%*)%*)w#$%*)($)$*&3(1D)?$*&%,%/1*)

0-|ë$*) -/+1#&%'&$*) %+#$'(-(%*) ,1/) -'7$*&-9%(1#$*) '1) &$##$'1) n3$) #$%0-R%#%/)
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%7%0-%|ë$*)(%),%($-%)($)7%01#)(1)&3K%#y1)$)*%0-$'&%/1*)n3$) -',03-#) -'7$*&-9%(1#$*)

$)+$*,%(1#$*)01,%-*)'1)+#1,$**1)h)$**$',-%0)+%#%)%),10$&%)($)(%(1*)+#$,-*1*:)+%#%)%)

comunicação dos resultados e para a eficácia das estratégias de gestão adaptativa 

TCapítulo 10XD

Implicações para a gestão
8*&%) &$*$),1',03-)n3$)1*) &3K%#ë$*)$)%*) #%-%*)($*$/+$'"%/)3/)+%+$0) -/+1#&%'&$)

,1/1) +#$(%(1#$*) $) '1*) *-*&$/%*) *1,-1$,1'I/-,1*) (%*) ,1/3'-(%($*) "3/%'%*)

,1*&$-#%*)T-'&$#&-(%-*XD)@1)$'&%'&1:),1/1)($/1'*&#%(1)%1)01'91)(%)&$*$:)1*)&3K%#ë$*)$)

%*)#%-%*)-'&$#&-(%-*)$*&y1)%/$%|%(1*)+$0%)+$*,%)($'&#1)$)<1#%)($*&%*)R1'%*),1*&$-#%*D)

Y1#),1'*$93-'&$:)o Capítulo 11 %+#$*$'&%)'3/$#1*%*)#$,1/$'(%|ë$*)+%#%)-'7$#&$#)
%)*-&3%|y1)+%#%)$*&%*)$*+h,-$*)'%)É<#-,%)A,-($'&%0D)8*&%*)-',03$/S

`D L$0"1#%#) %) #$,10"%) ($) (%(1*) *1K#$) %*) ,%+&3#%*) (%) +$*,%) -'(3*&#-%0) $) (%)

+$n3$'%)+$*,%)%&#%7h*)(1)#$<1#|1)(%),%+%,-(%($)($)-'7$*&-9%|y1)01,%0D

UD Identificar zonas ecológicas para tubarões e raias em grandes áreas intertidais 

+%#%)$7-&%#)-'&$#%|ë$*)$'&#$)$0%*/1K#í'n3-1*)$)%)+$*,%)13)13&#%*)%&-7-(%($*)

"3/%'%*D

_D Restringir a utilização de métodos de pesca intertidais específicos para 

#$(3R-#)%)/1#&%0-(%($)+1#)+$*,%)($)&3K%#ë$*)$)#%-%*D

WD O%R$#)#$*+$-&%#)1*)0-/-&$*)(%*)R1'%*)+#1&$9-(%*)$)0-/-&%#)%)+$*,%)%1*)'%7-1*)

#$9-*&%(1*D

bD 8'7107$#)%*),1/3'-(%($*) 01,%-*)'%)%+0-,%|y1)(1*) #$930%/$'&1*) #$0%&-71*)Ä)

+$*,%)$)9%#%'&-#)%)-93%0(%($)'%*),%($-%*)($)7%01#)(%)+$*,%D

=$/) -'&$#7$'|ë$*)%($n3%(%*:)%)+$#(%)($) &3K%#ë$*)$) #%-%*)(1)G%',)(JM#93-')$)(1)

M#n3-+h0%91)(1*)G-H%9I*)h)-/-'$'&$D)8/K1#%)*$H%)'$,$**w#-%)-'7$*&-9%|y1)<3&3#%)+%#%)

($&$#/-'%#)%*),1'*$n3{',-%*)($*&%)+$#(%:)h)$7-($'&$)n3$)$*&%*)$*+h,-$*)$*&%K$0$,$/)

0-9%|ë$*)$'&#$)%*)<#1'&$-#%*)($)(-<$#$'&$*)$,1**-*&$/%*D)A)+%+$0)(1*)&3K%#ë$*)$)(%*)

#%-%*)'1) <3',-1'%/$'&1)(1*)$,1**-*&$/%*) -'&$#&-(%-*)$)%) *3%) -/+1#&í',-%)+%#%)1*)

/$-1*) ($) *3K*-*&{',-%) ,1*&$-#1*) ($7$/) *$#) -'&$9#%(1*) $/) <3&3#%*) $*&#%&h9-%*) ($)

,1'*$#7%|y1D
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*0,)B*& ,.$& ),A*<& C,*@#.,/($& -A& *0,)B*& /0)%">0&

$%@"6(./,)#(*&,.$&-%%B*&,/&,&A%".>&,>(:&!"#$%&

*(/&%"/& /%&?")*"(&,& @,)(()& #.&6,)#.(&-#%9%>A<&=(&

first did a bachelor’s in Applied Biology at the HAS 

University of Applied Sciences in ‘s-Hertogenbosch, 

$")#.>& +0#@0& 0(& @%.$"@/($& )(*(,)@0& ?)%D(@/*&

%.& E,)#--(,.& )((3& *0,)B*& ,.$& +0#/(& *0,)B*& ,.$&

published his first peer-reviewed paper. Guido obtained his MSc. in Biology with 

a specialization in Marine Biology from Wageningen University in 2017. During his 

6,*/()*:&!"#$%&*/"$#($&/0(&6%5(6(./&%3&E,)#--(,.&)((3&*0,)B*&,.$&.")*(&*0,)B*:&

the growth of the great hammerhead shark, and shark fisheries in West Africa.

After a break to study silky sharks in the Dutch Caribbean waters, Guido continued 

his scientific career with a PhD. at the University of Groningen and The Royal 

Netherlands Institute for Sea Research, of which the result is in front of you. He is 

currently a PostDoc researcher at Wageningen University & Research, focusing on 

the ecology and fisheries of sharks and rays.

Guido is a member of the IUCN Shark Specialist Group and also serves 

as an advisor to local researchers focusing on shark fisheries and 

ecology. Always eager to talk about sharks and rays, Guido also co-

organizes the annual Azores Shark & Ray Safari for recreational divers 

,.$&0,*&,??(,)($&#.&5,)#%"*&6($#,&%"/9(/*&,*&,&*0,)B&,.$&),A&(F?()/<

!"#$%&'%()*+",-$"&.#
!"#$%&'(), Jabado, R.W., Camará, A., Dos Santos, L., Manuel Nonque, D., Zuidewind, 

T.J., Barry, I., Campredon, P., Blaschke, B., de Boer, K., Hijner, N., Olff, H., 

Ledo Pontes, S., Regalla, R., Walsh Bjerregaard, M. & Govers, L.L. (in review). 

Reconstructing historical population trends of threatened sharks and rays 

based on fisher ecological knowledge.

!"#$%&'(), Walsh, M.B, Haque, A.B., Collins, C., Glaus, K., Kizhakudan, S.J., Menon, M., 

Muttaqin, E., Simeon, B., Tovar-Avila, J., Govers, L.L., Walker, P.A. & Friedman, 

K.J. (2024). Opportunities and challenges in value chain reporting for sharks 

,.$&),A*<&!"#$%&'()*$+,

*+$"',-.+/

__b

63##-,303/)N-&%$

.



__^

!"#$%&'%()*+",-$"&.#

@%3&%:) aD:)=&J'5R(H3, Nieuwenhuis, B. O., Mathijssen, D. R. A. H., Olff, H., Bouma, T. 

aD:)N%')?$#)F%0:)?D:)c-H'$#:)@D:)C$9%00%:)MD:)Y1'&$*:)=D)4D:)u)217$#*:)4D)4D)TUVUWXD)

G-1&3#K%&-1')K.)G$'&"-,)=&-'9#%.*)M0&$#*)&"$)G-19$1/1#+"1019.)1<)!-(%0)O0%&*D)

?/"2'2$,*2D)"&&+*Sjj(1-D1#9j`VD`VV[j*`VVU`]VUW]VVZV`]W

=&J'5R( H3:) N$#P3-0:) oD) ;D:) c-H'$#:) @D:) =%%0/%'':) OD:) ?1*) =%'&1*:) 4D:) C$9%00%:) MD:) 4$(1)
Pontes, S., Yang, L., Naylor, G. J. P., Olff, H., & Govers, L. L. (2023). Addressing 

data-deficiency of threatened sharks and rays in a highly dynamic coastal 

$,1*.*&$/) 3*-'9) $'7-#1'/$'&%0) ?@MD) ?/"-"(%/+-) @#7%/+$"&2:) `a]TL%#,"X:)

``V[ZbÅ``V[ZbD)!""#$%&&'()*(+,&-.*-.-7&8*9:(;)<'*6.64*--.05/

8K$#&:)?D)MD:)2%#,-%*:)MD)6D:)O%"/-:)Y$*&%'%:)MD)2D:)L3î1R:)=D)cD:)=&J'5R(H3:)u)=-/$1':)
GD)LD)TUVU_XD)=$%#,"-'9)<1#)01*&)*"%#P*S)8i&-',&)1#)%0-7$g)Q&'::)abTWX:)W`ZÅWUVD)

"&&+*Sjj(1-D1#9j`VD`V`[j=VV_V^Vb_U_VVVbVZ

=&J'5R(H3, Nieuwenhuis, B. O., Zuidewind, T. J., Hijner, N., Olff, H., & Govers, L. L. 

TUVU_XD)F"$#$)0%'()/$$&*)*$%S);'&$#&-(%0)%#$%*)%*)P$.]"%K-&%&*)<1#)*"%#P*)%'()

#%.*D)!%20)+#7)!%20,&%,2:)[]T_X:)WV[ÅWU^D)"&&+*Sjj(1-D1#9j`VD````j<%<D`U[_b

c.($:)6D)MD:)@1&%#K%#&101)(-) =,-%#%:)2D:) =1##$'&-'1:) 4D:)G1.(:)6D:) O-'3,,-:)GD:) O150$#:)

=D) 4D:)Q.'$:)YD)LD:)=&J'5R(H3:) =-/+<$'(1#<$#:)6D)MD:) !$&0$.:)LD) aD:)F1/$#*0$.:)
OD:)u)a%K%(1:)CD)FD)TUVUUXD)Y3&&-'9)*"%#P*)1')&"$)/%+S)M)901K%0)*&%'(%#()<1#)

-/+#17-'9) *"%#P) %#$%]K%*$() ,1'*$#7%&-1'D) !&"#$%,&2) %#) K+&%#,) </%,#/,:) _D)

"&&+*Sjj(1-D1#9j`VD__\Zj</%#*DUVUUDZ^\\b_

60$/$'&*:)AD)@D:)=&J'5R(H3:)F-&K%%#(:)CD:)Y$':);D:)N$#P3-0:)oD);D:)u)217$#*:)4D)4D)TUVUUXD)
2#15&":)/%&3#-&.:) %'() (-$&) 1<) &"$) +$%#0) 5"-+#%.) TO1'&-&#.91')/%#9%#-&$00%X)

<#1/) &"$) G-H%9I*) M#,"-+$0%91:) 23-'$%]G-**%3D) E,,&c:) `\:) $`U\ZWÅ$`U\ZWD)

"&&+*Sjj(1-D1#9j`VD[[`[j+$$#HD`U\ZW

=&J'5R(H3:)7%')($#)C$-H($':)QD)aD:)6"$-P"'%)4$/#%K1&&:)=D)oD:)G%##.:);D:)@1'n3$:)?D)LD:)
Olff, H., Ledo Pontes, S., Regalla, A., & Govers, L. L. (2021). Industrial Fishing 

Near West African Marine Protected Areas and Its Potential Effects on Mobile 

L%#-'$) Y#$(%&1#*D) !&"#$%,&2) %#) K+&%#,) </%,#/,:) dTL%#,"X:) `Å`_D) "&&+*Sjj(1-D

1#9j`VD__\Zj</%#*DUVU`D^VUZ`[

=&J'5R( H3:) G1/%':) 8D:) u) F%0P$#:) YD) TUV`\XD) C%'9$) $i&$'*-1') 1<) &"$) 0$/1') *"%#P)
T@$9%+#-1') K#$7-#1*&#-*X) 5-&"-') &"$) ?3&,") 6%#-KK$%'S) O-#*&) #$,1#(*) 1<)

.13'9) -'(-7-(3%0*) -') &"$)5%&$#*) 1<) =-'&) 83*&%&-3*D)K+$$,&2:) `Å^D) "&&+*Sjj(1-D
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In this thesis, I argued that shark fisheries are complex systems with an important 

human dimension. The same goes for doing a Ph.D. It is the most incredible adventure 

I have faced, but I never felt alone in facing it. I will here address some, but probably 

not all, who - knowingly and unknowingly - contributed to the journey of which this 

book is the result.

First, my promotors, Laura Govers and Han Olff. Thank you both for the trust and 

freedom to develop my research projects. I know it was not the most straightforward 

project in terms of funding and logistics, especially with a global pandemic right in the 

middle of it, but I am grateful for your support and guidance. Laura, thank you for 

sharing your knowledge, commitment and fascination for the marine environment. 

Working in your lab group was both inspirational and great fun, something that is 

highly needed in the academic environment and that I will truly miss. Han, thank you 

for the discussions on intertidal sharks and rays and for inviting me to the RUG during 

our expeditions to Mauritania. I learned a great deal from you. I hope to work with both 

of you again, as sharks and rays probably appreciate seagrass a bit more than I do!

I want to thank my assessment committee, Colin Simpfendorfer, Klemens Eriksson, 

and Geert Wiegertjes, for agreeing to read my thesis. And to Jan Jaap Poos, Anieke 

van Leeuwen, Marjolijn Christianen, and Tjisse van der Heide to be part of my 

examination committee. It makes me proud to have you all be part of my committee. 

I look forward to discussing this work with you.

Our research would not have been possible without the support and collaboration of 

organizations and communities in Mauritania and Guinea-Bissau. Sidi Yahya, I learned a 

lot from our collaboration, and I am so proud to have been the paranymph of a minister! 

Thank you to the crew at the PNBA field station in Iwik for their support, Amadou Sall 

and other enqueteurs from IMROP who collected valuable data for us, and the PNBA 

management authority and scientific board for allowing us to do our research in the 

beautiful Banc d’Arguin. Our work in Guinea-Bissau was only possible with support from 

local organizations such as IBAP and Tiniguena. I would especially like to thank Aissa 

Regalla, Justino Biai, Iça Barry, Samuel Ledo Pontes, Toze Pires, Quintino Tchantchalam, 

Emanuel Dias, Diosnes Manual Nonque, Assana Camará and Sanhá Correia for our 

collaboration and for supporting us in the beautiful Bijagós, also especially when we 

were stuck in the country amid the pandemic. To all staff of IBAP, INIPO, and Tiniguena: 

thank you, and I look forward to working with you again! Special thanks to Lilísio Dos 

Santos and N’Bundé Crima for joining us on expeditions to the Bijagós. You had a big role 

in our projects. !"#$%&'()*&)+,'(-)./0*1#&).().&)2+&)'3,.+()14)"#151!
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!1)&"$);/#%93$'),1//3'-&-$*)1<)&"$)G%',)(JM#93-')%'()&"$)G-H%9I),1//3'-&-$*)1<)&"$)

G-H%9I*)M#,"-+$0%91:)&"%'P).13)<1#)51#P-'9)5-&")3*)%'()&$%,"-'9)/$)*1)/3,")%K13&)

your beautiful islands. Igualdino Titi, to whom we have named the first tagged blackchin 

guitarfish. Thank you and your fishing crew for the years of collaboration. Wherever 

.13)%#$)-')&"$)51#0(:);)"1+$).13)%#$)(1-'9)5$00:)%'()13#)+%&"*)/%.),#1**)%9%-'D

;')&"$)+%*&).$%#*:);)"%7$),100%K1#%&$()5-&")/%'.:)%'();)%/)9#%&$<30)&1)%00)1<).13)<1#)

.13#)&#3*&)%'()P'150$(9$D)A<),13#*$:);)5130()0-P$)&1)&"%'P)%00)T,1]X%3&"1#*)<1#)&"$-#)

,1'&#-K3&-1'*) &1),"%+&$#*) -') &"-*) &"$*-*D) ;&)5%*)9#$%&)51#P-'9)5-&")%00)1<).13:)%'() ;)

0$%#'$()%)9#$%&)($%0) <#1/).13#)<$$(K%,P)%'()13#),100%K1#%&-1'D)O#1/)&"$) EF%($#*)

1<) &"$) G-H%9I*J) +#1H$,&:) ;) 5130() 0-P$) &1) &"%'P) &"$) ,1'*1#&-3/) +%#&'$#*) a1*h) M07$*:)

M<1'*1)C1,"%:)M'%)61$0"1:)!"$3'-*)Y-$#*/%:)c%,$')80]c%,$':)L1"%/$()c$'#-n3$*:)

C1$0%'()G1/:)%'()&"$)>'-7$#*-&.)1<)4-*K1')&$%/D)=+$,-%0)&"%'P*)&1)a1*h:)C1$0%'(:)%'()

M<1'*1)<1#)0$&&-'9)13#)&$%/)H1-')&"$)5%($#)&%99-'9)-')G-H%'&$D);&)5%*)1'$)1<)/.)<%71#-&$)

Bijagós fieldwork days and a welcome change from working on fishing boats. It was 

9#$%&)*$$-'9)13#)#$*$%#,"),1/$)&19$&"$#)&"%&)(%.:)%'();)"1+$)&1)K$)%K0$)&1)(1)&"%&)

/1#$)-')&"$)<3&3#$D)A&"$#*)%&)&"$)C>2)%'()@;AB)5"1),1'&#-K3&$()&"$-#)P'150$(9$)

%'()*3++1#&:)-',03(-'9)o71''$)N$#P3-0:)Q%#-')($)G1$#:)M'-$P$)7%')4$$35$':)a%')7%')

2-0*:) !-/)A1#&5-H':) a1K) &$')c1#':)C1K)F-&K%%#(:) %'()L%#,$0) 7%')($#)L$$#D) a%''$*)

c$3*-'P7$0()%'()43($)O$0(K#399$)<1#)&"$-#)"$0+)(3#-'9)&"$)$%#0-$#)*&%9$*)1<)/%++-'9)

stingray activity on intertidal flats in the Bijagós. 

!"%'P).13)&1)%00)E80%*/1],100$%93$*J)<#1/)&"$);>6@)="%#P)=+$,-%0-*&)2#13+:)$*+$,-%00.)

&1)C-/%)a%K%(1:)<1#)%0015-'9)/$)&1)K$)-'7107$()-')&"$);/+1#&%'&)="%#P)%'()C%.)M#$%)

+#1H$,&)%'()<1#).13#)-'7107$/$'&)-')/.)#$*$%#,"D)

;)"%7$)%0*1)51#P$()1')1&"$#)+#1H$,&*)5-&")/%'.)1&"$#*)-')&"$)+%*&).$%#*D)!"%'P).13)&1)

!%(R-1)G$#71$&*:)8#5-')F-'&$#:)Y%((.)F%0P$#:);#$'$)Q-'9/%:)a%7-$#)?-%R:)?%"0-%)c%**$0:)

Jurgen Batsleer, and the staff of SCF, SBMU, CARMABI, and other nature organizations 

<1#),100%K1#%&-'9)1')*"%#P)+#1H$,&*)-')&"$)?3&,")6%#-KK$%'D)!1)?%'-$0:)MP*"%.:)%'()&"$)

G03$)C$*13#,$*)!#3*&)<1#)-'7-&-'9)/$)&1)51#P)5-&").13)-')K$%3&-<30)=#-)4%'P%:)&"$)MLL6A)

,#$5)%'()G$&&.)4%90K%3$#)<1#)-'7-&-'9)/$)&1)6%/$#11'D);),%''1&)5%-&)&1)*$$)5"%&)&"$)

<3&3#$)"10(*)<1#)%00)1<).13#)+#1H$,&*:)%'()&"%'P).13)<1#)0$&&-'9)/$)K$)%)+%#&)1<)-&D

;) %/) 9#%&$<30) <1#) &"$) ,1'&-'3$() ,100%K1#%&-1') 5-&") &"$) YC6L) ,1'*1#&-3/:) M"/$()

=$'"13#.:)M#-%'$)7%')L%#5-HP:)Y-$##$)6%/+#$(1':)%'()MK-0-1)=%ú(D)!"%'P).13:)a3*&-'$)

?1**%:)L$9%')AJ!110$:)%'()4$$)6#1,P$&&:)<1#).13#),1'&-'3$()*3++1#&)1<)13#)51#PD);&)5-00)

not be easy, but I am confident our project will make a difference for sharks and rays. 

!"$)/%*&$#)*&3($'&*);)"%()&"$)"1'1#)&1)*3+$#7-*$)%'()51#P)5-&"S)O#%'R-*P%)=%%0/%'':)

Bríd O’Connor, Martin Rutz, Marta Ferraro, Nunzia di Giacomo, Owen Clements, Thije 
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B3-($5-'(:) 4-*%) cpK'$#:) %'() 6%') Q%".%1903D) !"$) *&3($'&*) ;) 91&) &1)51#P)5-&") 1')

$i+$(-&-1'*S)G#%/)@-$35$'"3-*:)?1''h)L%&"-H**$':) ;*$)2#-//:)!%/w*) O30$+:) %'()

L%#-%'%)Y%#$'&$D)!"%'P).13)%00) <1#).13#),1//-&/$'&)%'()$'&"3*-%*/D) ;)"1+$)13#)

+%&"*),#1**)%9%-')(3#-'9)13#),%#$$#*D

!"$)<3'($#*)1<)&"$)+#1H$,&*)-',03($()-')&"-*)&"$*-*S)%#$)&"$)LMNM)O13'(%&-1':)="%#P)

61'*$#7%&-1')O3'(:)F1#0()F-0(0-<$)O3'()@4:)=%7$)A3#)=$%*)O13'(%&-1':)%'()&"$)O11()

%'()M9#-,30&3#$)A#9%'-R%&-1')1<)&"$)>'-&$()@%&-1'*D)!"%'P).13)<1#),1'&#-K3&-'9)&1)13#)

#$*$%#,"D);')%((-&-1':)&"$)C1.%0)@$&"$#0%'(*);'*&-&3&$)<1#)=$%)C$*$%#,")<1#)*3++1#&-'9)

/.)Y"?D)+1*-&-1'D

Thank you to staff members at the Linnaeusborg: Joke Bakker, Corine Eising, Joyce 

C-$&7$0(:)Y%30)=&$$#$'K$#9:)%'()@$00.)8,PD);'9$K1#9)a%'*$':)&"%'P).13)<1#).13#)"$0+)

during expedition preparation and for letting everything run smoothly in the office! 

@-,10-$')F-$#-'9%:)&"%'P).13)<1#)&"$),1'*&#3,&-7$)%'()-'*+-#-'9)(-*,3**-1'*D

!"%'P*) &1) &"$) M++0-$() G-1019.) &$%/) %&) &"$) cM=) >'-7$#*-&.) 1<) M++0-$() =,-$',$*:)

$*+$,-%00.)800$':)c$',1:)%'()c33KD)!"$)cM=)5%*)&"$)+$#<$,&)P-,P*&%#&$#)<1#)/.),%#$$#)

-')K-1019.D)c$',1:);)#$/$/K$#)-')/.)9#%(3%&-1')*+$$,")-')UV`W)&"%&).13)/$'&-1'$()

that ‘you looked forward to receiving my Ph.D. thesis one day’... Well, here it is!

4-*%)=%',"$R)M93-0%#)%'()Y%&#-,P)c3-H*:) &"%'P).13)<1#)&"$)<$$(K%,P)1')&"$)($*-9')1<)

+%#&*)1<)&"-*)&"$*-*D)@3'R-%)(-)2-%,1/1)%'()!"-H$)B3-($5-'(:)&"%'P).13)<1#)&"$)K$%3&-<30)

-003*&#%&-1'*) -') 7%#-13*) ,"%+&$#*) %'() <1#) &"$) ,17$#D) !"%'P) .13) 8(3%#(1:)L1"%/$(:)

C%,"$0:)4%3#%)%'()/.)(%()<1#),"$,P-'9)&"$)*3//%#-$*)-',03($()-')&"-*)&"$*-*D

@9)-%9,)%2)+)5%==+6)9+*%-')+#7)9&%,#72)+&,)$0,)/0,,2,f

Q%*+$#)%'()L%%#&$':)&"%'P).13)<1#)&%P-'9)3+)&"$)#10$)%*)/.)+%#%'./+"*D);)5%*)03,P.)

enough to have both of you join on multiple fieldwork expeditions, and I hope we get 

&1)91)1')T51#PX)&#-+*)&19$&"$#)-')&"$)<3&3#$D)M'()1&"$#5-*$:)%)(-7$)&#-+)&1)*$$)*"%#P*)

is also fine! 

M00)/.),3##$'&)%'()<1#/$#),100$%93$*S)G$%)%'()Y10:)Q%&#-':);RR.:)M''$0-$*:)Q%#-':)a%''$:)

o71''$:)L%i:)43-*:)=1$0$P%:)G%#K%#%:)N%'-%:)=-(-)o%".%:)c%,$':)Q%*+$#:)4-*%)T=X:)?#$5:)

?$0-+:) 4-*%) TGX:) 8*&"$#:)A*,%#:)@%(-%:) ;#-*:) Q11*H$:) C-,"%#(:)L1"%/$(:)L%#-$:) GH1#':)

@-,10w*:)8//%:)Y-$&$#:) a1#-$':)C-P:)!%.01#:)L%-&$:)L%%#&$':)M0$i%'($#:)6%#0-H':)O-0-+%:)

c%''%":)L-,"$00%:)!1'-1:)C$'h$:)Ç-'9)Ç-'9:)F$'($#:)o3"1'9D)!"%'P).13)%00)<1#)&"$)

,1,P&%-0) '-9"&*:) P%#%1P$) *$**-1'*:)5$((-'9*) %K#1%(:) (-''$#*:) *3#+#-*$)+%#&-$*:) %'()

-'%++#1+#-%&$)03',")&1+-,*:)%'();)%/)*1##.)<1#)&"$)H1P$*)/%($)%&).13#)$i+$'*$D)C-P:)
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&"$)1'0.)&"-'9)/-**-'9)-')&"$)51#0()-*)13#)15')TP%#%1P$X)%0K3/D)@%(-%:)&"%'P*)<1#)%00)

the great moments on and off expeditions, but please do not take another biopsy 

1<).13#)"%'(D)4-*%)%'()?#$5:)&"%'P).13)<1#)%00) &"$)<%'&%*&-,)&#-+*),$'&$#$()%#13'()

stuffing ourselves with food. We miss you in Groningen, but Rachel and I can’t wait to 

(1)&"%&)%9%-')-')61*&%)C-,%)%'()6"-'%D)=-(-)o%".%)%'()c%,$':)&"%'P).13)<1#)&"$)0-<$]

,"%'9-'9)$i+$#-$',$*)-').13#)K$%3&-<30)L%3#-&%'-%D)

Although life will probably take us all to different places around the world, I am 

grateful for the time we spent together in Groningen!

c$0%%*) R-$) -P) H300-$) %00$/%%0) 7$$0) &$)5$-'-9:)/%%#) R1'($#) <%/-0-$) $') 7#-$'($') 711#)

afleiding, feestjes, jaarlijkse weekendjes weg, en gamen tijdens lockdowns, was dit 

+#1$<*,"#-<&)$#)'11-&)9$P1/$')T1<)/-**,"-$')H3-*&)$$#($#DDDXD)c$&)7$0$)#$-R$')$')(%%#(11#)

/-**$')7%')7$$0)7$#H%%#(%9$')$')K$0%'9#-HP$)/1/$'&$') -*)$$')(3#$)+#-H*:)/%%#) -P)

K$')K0-H)(%&)"$&)'19)%0&-H()91$()-*)%0*)-P)$#)$$')P$$#)5h0)K-H)P%')R-H'D)N#-$'($'9#1$+)

-')N$'01:)=%'($#:)$')*&3(-$7#-$'($'9#1$+)7%')($)cM=jF>C:)(%'PH300-$5$0)711#)($)

1'7$#9$&$0-HP$)<$$*&H$*:)#$-*H$*:)*+$,-%%0K-$#&H$*:)$')/11-$)&-H($'D);P)"11+)H300-$)-')($)

&1$P1/*&)&1,")-h&*)/$$#)&$)R-$')'3)(%&)+#1$<*,"#-<&)3-&)($)5$9)-*D)

L%#&-H')$')L1'%:)*%/$')($)MR1#$*)="%#P)u)C%.)=%<%#-)1#9%'-*$#$')1+)Y-,1) -*)$$')

%K*1033&)"119&$+3'&D);P)"11+)(%&)5$)(-&)'19)7%P$#)/19$')(1$':)5-$)5$$&)1+)'19)

een andere mooie plek!

Y%+) $') L%/:) (-&) P0$-'$) *&3PH$) (1$&) 9$$') $$#) %%') H300-$) #10) -') (-&) "$0$) %71'&33#D)

L1'-n3$:)M''$/%#-$P$)$')-P)R-H')1+9$9#1$-()-')$$')0-$<($710)$')"$,"&)9$R-':)/$&)($)

%0&-H()1'711#5%%#($0-HP$)*&$3')(-$)$#711#)R1#9($)(%&)5$)($)5$#$0()"$KK$')P3''$')

1'&($PP$')1+)"#=,)/%'-$#D)B$0<*)-')($)/1$-0-HP$#$)&-H($')711#)1'*)%0*)9$R-'D)c$&)/1$&)

11P)1'&R$&&$'()*+%''$'()R-H')9$5$$*&)%0*)($)H1'9*&$)1+$$'*)K$*03-&)"$&)5%&$#)-')&$)

*+#-'9$')/$&)"%%-$')%%')($)%'($#$)P%'&)7%')($)5$#$0(D)?-&)K$9-')-P)'3)*&$$(*)/$$#)

&$)K$9#-H+$')$')-P)K$')(%'PK%%#)(%&)H300-$)/-H')5-0($)%/K-&-$*)%0&-H()"$KK$')9$*&$3'(D)

a300-$)K0-H7$')/-H')9#11&*&$)711#K$$0()h')*3++1#&$#*)-')(-&)"$0$)%71'&33#D

L1'-n3$:) Q1$':) M''$/%#-$P$) $') a%#$P:) 7%') 7$#%**-'9*K$R1$PH$*) -')2#1'-'9$') &1&)

<%/-0-$5$$P$'(H$*:)-P)K$')K0-H)(%&)5$)$$')"$,"&$)K%'()"$KK$')K$"13($')1'(%'P*)

(%&)5$)'-$&)1/)($)"1$P)51'$'D)N$'01)K0-H<&)R1)%0&-H()$$')T&5$$($X)&"3-*D)!$3':) a1K:)

Daan, Juul, Suus en Jip, jullie hebben op het moment geen idee van jullie (afleidende) 

#10)&-H($'*)/-H')+#1/1&-$D);P)"11+)(%&)$#)&$9$')($)&-H()(%&)H300-$)(-&)11-&)0$R$')7hh0)/$$#)

haaien en roggen zijn en dat de wereld er een beetje beter uitziet! Ik ben trots jullie 

11/)&$)R-H')$')7$#730)/$&)%00$)+0$R-$#) T$')7#-H)*$0$,&-$<X)($)&%P$')(-$)"-$#K-H)P1/$')

P-HP$'D)8')7109$'*)/-H)K0-H<&)$#)*&-$P$/)11P)5$0)"$&)$$')$')%'($#)7%')(-$) EK-1019-$]

-'(1,&#-'%&-$J)"%'9$'DDD)
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C%,"$0J*)<%/-0.S)M.1/%:)C1(:)=1'%0-:)?%':)43'%:)%'()C%$<:)&"%'P).13)<1#).13#)*3++1#&:)

even from a distance and through difficult times. The family visits with Rachel to 

41'(1':)6#$&$:)%'()=#-)4%'P%)5$#$)%)5$0,1/$)(-*&#%,&-1')<#1/)&"$)Y"?D)!"%'P).13)

<1#)%05%.*)K$-'9)*1)5$0,1/-'9)%'()/%P-'9)/$)<$$0)+%#&)1<).13#)K$%3&-<30)<%/-0.D

C%,":)5"$#$)&1)*&%#&g)!1)&"-*)(%.:);)%/)*&-00)%/%R$()K.)"15)*&#1'9)%'(),%#-'9).13)%#$:)

%'()"15)*3++1#&-7$).13)"%7$)K$$')&"#139"13&)/.)Y"?D)F$)K1&")&#%7$0)$i&$'*-7$0.)

<1#)51#P)1#)&1)*$$)<%/-0.)%'(:)5"$'$7$#)5$)"%7$)&-/$)0$<&:)%0*1)&1)$i+01#$)&"$)+0%'$&)

&19$&"$#D);&)-*)'1&)%05%.*)$%*.)K$-'9)%+%#&:)K3&)"1/$)%05%.*)<$$0*)0-P$)"1/$)5-&").13D)

!"%'P).13)<1#)13#)*$#-13*)(-*,3**-1'*:)<1#)&"$),#%R.)/1/$'&*:)<1#)0$&&-'9)"1/$)<$$0)

0-P$)%)#$%0)"1/$:)%'()<1#)K$-'9).13#)K$%3&-<30)*$0<D)4-<$)-*)%)C"--,&)."+2$,&:)K3&)5-&").13)

-')&"$)*$%&)'$i&)&1)/$:)-&)-*)A1+&+#$,,7)&1)K$)%)K$%3&-<30)#-($D);),%'J&)5%-&)&1),1'&-'3$)

5#-&-'9)"1&)*&1#.)<3#&"$#D





Appendices

The thesis appendices and photo/video of our work in the 
Bijagós can be found online.
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