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EXECUTIVE SUMMARY


















7KH SURMHFW KDV VHYHUDO RYHUODSSLQJ REMHFWLYHV ZLWK WKH RYHUDOO DLP RI LPSURYLQJ
RXU XQGHUVWDQGLQJ RI VHDO GHSUHGDWLRQ DW ILVK IDUP VLWHV LQFOXGLQJ DVSHFWV
DGGUHVVLQJ PLWLJDWLRQ RI WKH SUREOHP
6SHFLILF REMHFWLYHV ZHUH WR GHYHORS D SKRWRLGHQWLILFDWLRQ V\VWHP IRU VHDOV DURXQG
D VDPSOH RI VDOPRQ IDUP VLWHV DQG LQWHUSUHW UHVXOWV WR GHYHORS D V\VWHP VXLWDEOH
IRU XQGHUZDWHU PRQLWRULQJ RI VHDO EHKDYLRXU DURXQG VDOPRQ FDJHV WR H[SORUH
DVSHFWV RI FDJH GHVLJQ WKDW PLJKW DIIHFW YXOQHUDELOLW\ WR VHDO DWWDFNV WR XVH VHDO
GDPDJHG VDOPRQ DV D PHDQV RI PDNLQJ LQIHUHQFHV DERXW GHSUHGDWLRQ HYHQWV
DQG WR H[SORUH DQG DQDO\VH LQGXVWU\ GDWD RQ VHDO GDPDJHG VDOPRQ
'XULQJ WKH FRXUVH RI WKH SURMHFW ZH DOVR DGRSWHG DGGLWLRQDO REMHFWLYHV WR H[DPLQH
FHUWDLQ DFRXVWLF GHWHUUHQW GHYLFHV WR FKDUDFWHULVH WKHLU DFRXVWLF RXWSXW DQG WR
H[DPLQH WKH SRVVLEOH LPSDFW RI RQH VXFK V\VWHP RQ WKH KDUERXU SRUSRLVH D
(XURSHDQ 3URWHFWHG 6SHFLHV (36 WKDW LV YXOQHUDEOH WR DFRXVWLF GLVWXUEDQFH
8QGHUVWDQGLQJ PRUH DERXW WKH DVVRFLDWLRQ RI LQGLYLGXDO VHDOV ZLWK IDUP VLWHV
FORVH WR WKHLU KDXO RXW VLWHV ZLOO KHOS XV WR XQGHUVWDQG WKH PRWLYDWLRQ IRU DWWDFNV
RQ VDOPRQ SHQV
7KLUWHHQ ILVK IDUPV LQ WZR DUHDV DV ZHOO DV WHQ QHDUE\ KDXO RXW VLWHV ZHUH
VXEMHFW WR  SKRWRJUDSKLF VHVVLRQV GXULQJ ZKLFK RYHU  GLJLWDO SKRWRV ZHUH
WDNHQ GXULQJ  VHDO HQFRXQWHUV
 VHDOV ZHUH LGHQWLILHG LQGLYLGXDOO\ DW ILVK IDUP VLWHV EXW RQO\  ZHUH VHHQ RQ
PRUH WKDQ RQH RFFDVLRQ DQG PRVWO\ WKHVH ZHUH VHHQ RQ FRQVHFXWLYH YLVLWV ZLWK
YHU\ IHZ VHHQ UHSHDWHGO\ RYHU D ORQJHU WLPH SHULRG $PRQJ DOO WKH  LGHQWLILDEOH
VHDOV DW IDUPV DQG KDXO RXWV RQO\ IRXU ZHUH VHHQ PRUH WKDQ  GD\V DSDUW 7ZR
VHDOV ZHUH VHHQ  DQG  GD\V DSDUW UHVSHFWLYHO\ DW WKH VDPH VLWHV ZKLOH RQH
VHDO ZDV LGHQWLILHG  \HDUV DSDUW DW WZR GLIIHUHQW VLWHV NP DSDUW DQG DQRWKHU
VHDO ZDV VHHQ DW WZR GLIIHUHQW IDUPV NP DQG  GD\V DSDUW
,Q JHQHUDO VHDOV VHHP QRW WR VWD\ IRU ORQJ SHULRGV DW IDUP VLWHV RU KDXOV RXWV
2WKHU VWXGLHV VXJJHVW D SDWWHUQ RI PRYHPHQW DURXQG DQG DPRQJ DQ H[WHQGHG
IRUDJLQJ UDQJH RI VRPH WHQV RI NLORPHWUHV :H IRXQG QR HYLGHQFH RI LQGLYLGXDOV
VSHFLDOLVLQJ LQ IHHGLQJ DW DQ\ RQH VLWH
:H WHVWHG VHYHUDO XQGHUZDWHU YLGHR V\VWHPV DQG UHYLHZHG WKH DGYDQWDJHV DQG
GLVDGYDQWDJHV RI WKHVH 8OWLPDWHO\ ZH KDG RXU RZQ V\VWHP GHVLJQHG DQG EXLOW
7KLV V\VWHP LV UXJJHG DQG SURYHG XVHIXO LQ WKH ILHOG FROOHFWLQJ PDQ\ KRXUV RI
JRRG TXDOLW\ YLGHR UHFRUGLQJV :H UHFRUGHG VHDOV VZLPPLQJ DURXQG WKH FDJHV
DV ZHOO DV GLYLQJ ELUGV DQG WKH UHDFWLRQV RI VDOPRQ ZLWKLQ FDJHV EXW QR
GHSUHGDWLRQ HYHQWV ZHUH ILOPHG
7KH NH\ HOHPHQWV WR D VXFFHVVIXO SRUWDEOH YLGHR PRQLWRULQJ V\VWHP LQ WKLV
FRQWH[W DUH D UHOLDEOH DQG ORQJ ODVWLQJ SRZHU VXSSO\ HDVH RI UHPRYLQJ YLGHR
GDWD IRU DQDO\VLV ZLWKRXW GLVUXSWLQJ RQJRLQJ UHFRUGLQJ D PRQLWRU DWWDFKHG E\
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XPELOLFDO WR HQDEOH WKH FDPHUD WR EH SRVLWLRQHG RSWLPDOO\ UXJJHG KRXVLQJ DQG
FDPHUD GHVLJQ
:H SURYLGH D UHYLHZ RI DVSHFWV RI FDJH GHVLJQ DQG XVH WKDW ZH FRQVLGHU
LPSRUWDQW LQ PLQLPLVLQJ VHDO GHSUHGDWLRQ GUDZLQJ RQ WZR SUHYLRXV VWXGLHV DQG
RXU RZQ REVHUYDWLRQV DQG GLVFXVVLRQV ZLWK LQGXVWU\
:H QRWH WKDW KROHV LQ QHWV FDXVHG E\ VHDOV DUH WKH VLQJOH PRVW IUHTXHQW FDXVH RI
VDOPRQ HVFDSHV IURP IDUP FDJHV ,W LV JHQHUDOO\ DJUHHG WKDW YHU\ OLWWOH LV NQRZQ
DERXW KRZ VXFK KROHV DUH FDXVHG DQG ZKDW IDFWRUV PD\ LQFUHDVH RU GHFUHDVH
WKHLU OLNHOLKRRG
7KH LPSRUWDQFH RI UHYLHZLQJ WKH HYLGHQFH DIWHU DQ\ VHULRXV GHSUHGDWLRQ HYHQW LV
VWUHVVHG DV RQO\ E\ OHDUQLQJ IURP VXFK HYHQWV FDQ ZH KRSH WR XQGHUVWDQG WKH
IDFWRUV WKDW PDNH WKHP OLNHO\ WR RFFXU
:H GLVFXVV WKH XVH RI SUHGDWRU QHWV VHDO EOLQGV IDOVH ERWWRP FDJHV DQG WKH
UHPRYDO RI GHDG ILVK LQ PLQLPLVLQJ SUREOHPV ZLWK VHDOV :H QRWH WKHUH DUH
VHYHUDO SUREOHPV ZLWK WKH LPSOHPHQWDWLRQ RI SUHGDWRU QHWV \HW DUH DOVR DZDUH
WKDW VXFK QHWV DUH VWLOO ZLGHO\ XVHG LQ RWKHU FRXQWULHV
:H QRWH WKH H[LVWHQFH RI VHYHUDO QHZ QHWWLQJ PDWHULDOV WKDW KDYH EHHQ RU DUH
EHLQJ WHVWHG WKRXJK QR FRPSUHKHQVLYH UHYLHZ RI VXFK WULDOV LV EHLQJ XQGHUWDNHQ
:H GLVFXVV WKH LPSRUWDQFH RI QHW WHQVLRQLQJ DQG QRWH WKDW OLWWOH LQIRUPDWLRQ LV
DYDLODEOH HLWKHU RQ FXUUHQW SUDFWLFH RU RQ RSWLPDO ZHLJKW GLVWULEXWLRQ RU WHQVLRQLQJ
PHWKRGV :H GLVFXVV WKH QHHG IRU IXUWKHU UHVHDUFK LQ WKLV DUHD
:H VWXGLHG WKH SDWWHUQV RI GDPDJH RQ PDQ\ GHDG VDOPRQ DQG DWWHPSWHG WR
REWDLQ UHFRUGV IURP IDUP VLWHV E\ SURYLGLQJ RSHUDWRUV ZLWK VXLWDEOH FDPHUDV DQG
UHFRUGLQJ NLWV 1R SLFWXUHV ZHUH UHWXUQHG EXW RXU RZQ H[DPLQDWLRQ VXJJHVWV IRXU
PDLQ W\SHV RI µVHDO GDPDJH¶ 7KH PRVW FRPPRQ DSSHDUV WR LQYROYH VHDOV ELWLQJ
WKH EHOO\ RI WKH ILVK WKURXJK WKH PHVKHV RI WKH QHW
:H PHDVXUHG D VDPSOH RI VXFK ELWH PDUNV LQ DQ DWWHPSW WR FKDUDFWHULVH WKH VHDO
RU VHDOV UHVSRQVLEOH :H DOVR PDGH PHDVXUHPHQWV RI VHDO GHQWLWLRQ IURP VNXOOV
DQG IURP OLYH DQLPDOV DQG ZHUH DEOH WR OLQN LQWHUFDQLQH GLVWDQFH ZLWK WKH VL]H RI
WKH DQLPDO $OWKRXJK KDUERXU VHDOV JHQHUDOO\ KDYH VPDOOHU LQWHUFDQLQH JDSV
WKHUH ZDV FRQVLGHUDEOH RYHUODS ZLWK WKRVH RI JUH\ VHDOV
:H ZHUH XQDEOH WR XQDPELJXRXVO\ LGHQWLI\ RQH RU PRUH LQGLYLGXDOV IURP D VDPSOH
RI VHDO ELWWHQ VDOPRQ IURP RQH QHW 6LPXODWHG ELWHV RQ GHDG VDOPRQ XVLQJ D VHDO
MDZ VXJJHVW WKDW WKH GLPHQVLRQV RI µELWH PDUNV¶ FDQ YDU\ VXEVWDQWLDOO\ HYHQ IURP
WKH VDPH SDLU RI WHHWK
$Q DQDO\VLV RI LQGXVWU\ GDWD RQ VHDO GDPDJHG VDOPRQ FRYHULQJ  IDUP VLWHV RYHU
D WHQ \HDU SHULRG VXJJHVW WKDW PRVW VLWHV VXIIHU VRPH GHSUHGDWLRQ DQG RQ
DYHUDJH VRPH OHYHO RI GDPDJH LV H[SHULHQFHG DW HDFK VLWH LQ  RI DOO PRQWKV
ZKHQ FDJHV DUH VWRFNHG 2Q DYHUDJH HDFK VLWH ORVW  VDOPRQ SHU VWRFNHG
PRQWK $ QRWLRQDO DQQXDO ORVV RI DURXQG  PLOOLRQ ZRXOG EH H[SHFWHG LI DOO ILVK
KDG VXUYLYHG WR KDUYHVW IRU WKHVH  IDUP VLWHV
7DNHQ WRJHWKHU WKH GDWD VXJJHVWHG WKHUH ZDV D FOHDU LQFUHDVH LQ SUHGDWLRQ UDWH
RYHU WKH ILUVW  RU  PRQWKV RI WKH SURGXFWLRQ F\FOH ZLWK WKH JUHDWHVW LQWHQVLW\
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PRVW ILVK UHPRYHG SHU PRQWK DW DURXQG PRQWK  RU  RI WKH SURGXFWLRQ F\FOH
,Q JHQHUDO WKH OHQJWK RI WLPH WKDW D IDUP KDG EHHQ DFWLYH PDGH QR GLIIHUHQFH WR
WKH DPRXQW RI SUHGDWLRQ
7KH SUR[LPLW\ RI WKH QHDUHVW KDUERXU VHDO KDXO RXW VLWH PDGH QR GLIIHUHQFH WR WKH
DPRXQW RI GHSUHGDWLRQ WKRXJK DOO VLWHV ZHUH ZLWKLQ NP RI D KDUERXU VHDO KDXO
RXW VLWH 7KH QXPEHU RI KDUERXU VHDOV FRXQWHG ZLWK    RU NP RI D ILVK
IDUP VLWH PDGH QR GLIIHUHQFH WR WKH DPRXQW RI GHSUHGDWLRQ
7KHUH ZDV DQ XQH[SHFWHG SRVLWLYH UHODWLRQVKLS EHWZHHQ WKH DPRXQW DQG
IUHTXHQF\ RI GHSUHGDWLRQ DQG WKH GLVWDQFH WR WKH FORVHVW JUH\ VHDO KDXO RXW VLWH
)DUPV ZLWK JUH\ VHDO KDXOV RXWV FORVHVW UHFRUGHG OHVV GDPDJH WKDQ WKRVH ZKHUH
JUH\ VHDO KDXO RXW VLWHV ZHUH IXUWKHU DZD\ XS WR NP 
7KHUH ZDV DOVR OHVV IUHTXHQW GDPDJH DW IDUP VLWHV ZKHUH WKHUH ZHUH ODUJHU
QXPEHUV RI JUH\ VHDOV FRXQWHG ZLWKLQ D NP UDGLXV GXULQJ $XJXVW VXUYH\V WKDQ
IDUPV ZLWK OHVV WKDQ  VHDOV FRXQWHG ZLWKLQ D NP UDGLXV :H FDQQRW H[SODLQ
WKHVH ILQGLQJV DV \HW
7KHUH DUH FOHDU JHRJUDSKLF GLVSDULWLHV LQ UHSRUWHG VHDO GHSUHGDWLRQ UDWHV )DUPV
VLWHV LQ WKH 2XWHU +HEULGHV W\SLFDOO\ KDYH ORZHU GHSUHGDWLRQ UDWHV WKDQ WKRVH
DURXQG /RFK 6XQDUW /RFK /LQQKH DQG WKH 1RUWK(DVW FRVWV RI 6N\H
7HVWV RQ WKH HIIHFW RI D 7HUHFRV $FRXVWLF 'HWHUUHQW 'HYLFH $'' RQ SRUSRLVH
HFKRORFDWLRQ IUHTXHQF\ VXJJHVW WKDW WKLV GHYLFH KDG RQO\ D YHU\ OLPLWHG LPSDFW RQ
SRUSRLVHV LQ /RFK +RXUQ 7KLV LV LQ FRQWUDVW WR SUHYLRXV VWXGLHV WKDW KDYH VKRZQ
ZLGHVSUHDG GLVSODFHPHQW RI SRUSRLVHV E\ DQRWKHU W\SH RI $''
&DOLEUDWHG K\GURSKRQH UHFRUGLQJV RI DFWLYH $'' V\VWHPV VXJJHVWHG WKDW WKHUH
ZDV FRQVLGHUDEOH YDULDELOLW\ LQ WKH DFRXVWLF RXWSXW RI WKH WUDQVGXFHUV DQG LW LV
VXJJHVWHG WKDW UHJXODU PHDVXUHPHQWV VKRXOG EH PDGH DW IDUP VLWHV WR HQVXUH
WKDW WUDQVGXFHUV DUH DOO RSHUDWLQJ DV LQWHQGHG

9

1. Introduction
1.1 Background and rationale
6DOPRQ DTXDFXOWXUH LV RQH RI 6FRWODQG¶V PRVW LPSRUWDQW UXUDO LQGXVWULHV SURGXFLQJ
PRUH WKDQ  WRQQHV RI VDOPRQ DW  DFWLYH VLWHV LQ  ZLWK D IDUP JDWH
YDOXH RI PRUH WKDQ  PLOOLRQ LW DFFRXQWV IRU RYHU RQHWKLUG RI 6FRWODQG V IRRG
H[SRUWV E\ YDOXH ,Q  WKH LQGXVWU\ HPSOR\HG RYHU  SHRSOH GLUHFWO\ LQ
SURGXFWLRQ DQG EHWZHHQ  DQG  LQ VXSSRUWLQJ VHFWRUV :DONHU 0F$OLVWHU
  6FRWWLVK *RYHUQPHQW VXSSRUWV LQGXVWU\ DVSLUDWLRQV WR JURZ SURGXFWLRQ RI
IDUPHG ILVK VXVWDLQDEO\ WR  WRQQHV E\  DQG WR PLQLPLVH WKH
HQYLURQPHQWDO LPSDFW RI DTXDFXOWXUH 7KH 6FRWWLVK *RYHUQPHQW  
6DOPRQ DTXDFXOWXUH FDJHV RIWHQ DWWUDFW ZLOGOLIH :LOG ILVK DUH DWWUDFWHG WR WKH SHQV
RIWHQ LQ ODUJH QXPEHUV &DUVV  'HPSVWHU et al   SUREDEO\ EHFDXVH RI
WKH UHJXODU SURYLVLRQ RI IRRG WR WKH VDOPRQ ZKLOH ELUGV DQG PDPPDOV PD\ DOVR EH
DWWUDFWHG HLWKHU E\ WKH VDOPRQ WKHPVHOYHV RU E\ WKH DVVRFLDWHG ILVK RU LQYHUWHEUDWH
IDXQD %LUG VSHFLHV PD\ LQFOXGH KHURQV JXOOV DQG GLYLQJ ELUGV VXFK DV FRUPRUDQWV
DQG VKDJV DXNV DQG HLGHU GXFNV 0DPPDOV RIWHQ DVVRFLDWHG ZLWK VDOPRQ IDUPV
LQFOXGH WZR VSHFLHV RI VHDOV Halichoerus grypus DQG Phoca vitulina) RWWHUV Lutra
lutra  PLQNV Neovison vison  GROSKLQV DQG SRUSRLVHV Phoceona phocoena
1RUWKULGJH et al.,  
,Q WKH PDMRULW\ RI LQVWDQFHV WKH DVVRFLDWLRQV EHWZHHQ ZLOGOLIH DQG VDOPRQ IDUP VLWHV
DUH EHQLJQ DQG LQ IDFW IDUP VLWHV PD\ EHQHILW WKH IRUDJLQJ RSSRUWXQLWLHV RI VRPH
ZLOGOLIH 2FFDVLRQDOO\ KRZHYHU VXFK DVVRFLDWLRQV FDQ OHDG WR FRQIOLFWV ZKHUH VHDOV
LQ SDUWLFXODU KDYH D GLUHFW LPSDFW RQ WKH VDOPRQ ZLWKLQ WKH FDJHV
7KHUH DUH WKUHH ZD\V LQ ZKLFK VHDOV FDQ KDYH D GHWULPHQWDO HIIHFW RQ VDOPRQ IDUPV
)LUVWO\ WKHLU SUHVHQFH DURXQG ILVK FDJHV LV VDLG DW WLPHV WR IULJKWHQ ILVK WR DQ H[WHQW
WKDW WKH\ PD\ VWRS IHHGLQJ DQG IDLO WR JURZ 7KLV LV D ZHOIDUH LVVXH IRU WKH ILVK EXW LV
DOVR DQ REYLRXV HFRQRPLF LVVXH IRU WKH IDUPV WKHPVHOYHV 6HFRQGO\ VHDOV PD\
DWWDFN VDOPRQ WKURXJK WKH PHVKHV RI WKH QHW FDJHV DQG NLOO RU PDLP ILVK E\ WDNLQJ
ELWHV RXW RI WKHP RU FODZLQJ DW WKHP )LQDOO\ RQ UDUH RFFDVLRQV VHDOV PD\ DFWXDOO\
EUHDFK WKH FRQWDLQLQJ QHW LWVHOI DOORZLQJ ILVK WR HVFDSH VRPHWLPHV LQ ODUJH QXPEHUV
4XDQWLI\LQJ WKH VFDOH RI WKHVH LPSDFWV LV GLIILFXOW )DUP VLWHV URXWLQHO\ FROOHFW GDWD RQ
WKH QXPEHU RI GHDG ILVK RQ D GDLO\ RU ZHHNO\ EDVLV DQG PRVW ZLOO DOVR DWWULEXWH
FDXVHV RI GHDWK GLVHDVH RU VHDO GDPDJH IRU H[DPSOH  EXW WKHVH GDWD DUH JHQHUDOO\
QRW PDGH DYDLODEOH SRVVLEO\ IRU UHDVRQV RI FRPPHUFLDO FRQILGHQWLDOLW\  7KHUH DUH
FRQVHTXHQWO\ IHZ UHFRUGV DYDLODEOH LQ WKH SXEOLF GRPDLQ WKDW TXDQWLI\ WKH QXPEHUV RI
ILVK NLOOHG RU LQMXUHG E\ VHDOV 4XDQWLI\LQJ WKH H[WHQW WR ZKLFK VHDOV PD\ VFDUH ILVK LV
HYHQ PRUH GLIILFXOW EXW XQGHU 3DUW  VHFWLRQ  RI WKH 0DULQH 6FRWODQG $FW 
ILVK IDUPV WKDW SURIHVV D QHHG WR VKRRW VHDOV PXVW DSSO\ IRU D OLFHQFH WR GR VR LQ
1

http://www.scotland.gov.uk/Publications/2013/07/9185
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RUGHU WR ³SURWHFW WKH KHDOWK DQG ZHOIDUH RI IDUPHG ILVK´ ,Q  VRPH  OLFHQFHV
ZHUH JUDQWHG WR VKRRW VHDOV DW  LQGLYLGXDO IDUP VLWHV LQ RUGHU WR SURWHFW WKH KHDOWK
DQG ZHOIDUH RI ILVK $QDO\VLV RI OLFHQFH DSSOLFDWLRQV DQG UHWXUQV PD\ OHDG HYHQWXDOO\
WR D EHWWHU XQGHUVWDQGLQJ RI WKH H[WHQW WR ZKLFK ILVK ZHOIDUH LV DIIHFWHG E\ VHDOV EXW
LQ   VHDOV ZHUH VKRW DW 6FRWWLVK ILVK IDUPV ZKLFK JLYHV VRPH LPSUHVVLRQ RI
WKH VFDOH RI ZHOIDUH FRQFHUQV (VFDSHV RI ILVK WKDW DUH DWWULEXWDEOH WR VHDOV DUH
VRPHZKDW HDVLHU WR TXDQWLI\ EHFDXVH XQGHU WKH 5HJLVWUDWLRQ RI )LVK )DUPLQJ DQG
6KHOOILVK )DUPLQJ %XVLQHVVHV $PHQGPHQW 6FRWODQG 2UGHU  DQG DOVR XQGHU
VHFWLRQ  RI WKH 6FRWWLVK )LQILVK )DUPLQJ &RGH RI *RRG 3UDFWLFH DQ\ ILVK
HVFDSLQJ IURP VDOPRQ IDUPV PXVW EH QRWLILHG WR WKH 6FRWWLVK *RYHUQPHQW ZLWKLQ 
KRXUV RI GLVFRYHU\ &RPSDQLHV DUH DOVR REOLJHG XQGHU WKH )LVK )DUPLQJ %XVLQHVVHV
5HFRUG .HHSLQJ 6FRWODQG 2UGHU  WR PDLQWDLQ VSHFLILF UHFRUGV UHODWLQJ WR ILVK
FRQWDLQPHQW DQG EUHDFKHV RI FRQWDLQPHQW LQFOXGLQJ GHWDLOV RI QHW DQG PRRULQJ W\SHV
DV ZHOO DV DQ\ DQWLSUHGDWRU PHDVXUHV XQGHUWDNHQ ,Q  WHQ $WODQWLF VDOPRQ
HVFDSH LQFLGHQWV ZHUH QRWLILHG LQYROYLQJ  ILVK 7KUHH RI WKHVH LQFLGHQWV
LQYROYLQJ  ILVK ZHUH UHFRUGHG DV KDYLQJ EHHQ FDXVHG E\ SUHGDWRUV ±
SUHVXPDEO\ VHDOV :H UHWXUQ WR WKLV LVVXH LQ 6HFWLRQ  EHORZ EXW QRWH KHUH WKDW WKLV
DVSHFW RI VHDO GDPDJH LV OLNHO\ WR EH WKH OHDVW VLJQLILFDQW FRPPHUFLDOO\ FRQVLGHULQJ
VRPH IDUP VLWHV DUH UHSRUWHG WR KDYH DOPRVW GDLO\ ORVVHV RI ILVK WR VHDOV 7KLVWOH
(QYLURQPHQWDO 3DUWQHUVKLS E 1RUWKULGJH et al  
$OWKRXJK LW LV QRW FXUUHQWO\ SRVVLEOH WR TXDQWLI\ WKH IXOO H[WHQW RI WKH SUREOHP WKH
FLUFXPVWDQWLDO HYLGHQFH VXJJHVWV WKDW VHDOV DUH D PDMRU SUREOHP IRU VRPH VDOPRQ
IDUP VLWHV DQG ZLWK SUHVVXUH IURP WKH VHDO OLFHQFLQJ V\VWHP WR UHGXFH OHWKDO FRQWURO
PHDVXUHV WKHUH LV D QHHG WR EHWWHU XQGHUVWDQG WKH QDWXUH RI WKLV SUREOHP DQG WR ILQG
WKH PRVW HIIHFWLYH ZD\V WR OLPLW WKH PRUH FRVWO\ HIIHFWV RI VHDO EHKDYLRXU
1.2 Objectives
7KH SUHVHQW SURMHFW VHWV RXW WR DGGUHVV VHYHUDO REMHFWLYHV DOO RI ZKLFK IRFXV RQ
WU\LQJ WR EHWWHU XQGHUVWDQG WKH ZD\V LQ ZKLFK VHDOV DUH DEOH WR DWWDFN ILVK FDJHV RU
DVSHFWV RI WKH GHIHQFH PHWKRGV DSSOLHG E\ VLWH PDQDJHUV 7KH RYHUDOO REMHFWLYH LV
WR KHOS XQGHUVWDQG KRZ DQG ZK\ VHDOV DUH DEOH WR FDXVH GDPDJH WR ILVK IDUP VLWHV
LQ RUGHU WR KHOS GHYHORS DFFHSWDEOH PHWKRGV WR PLQLPLVH VXFK GDPDJH 7R H[SORUH
WKLV REMHFWLYH ZH KDYH IRFXVHG RQ ILYH VXEREMHFWLYHV DV IROORZV




2
3

7R FRQWLQXH WR GHYHORS D SKRWRLGHQWLILFDWLRQ GDWDEDVH RI VHDOV DURXQG
VSHFLILF IDUP VLWHV DQG DW ORFDO KDXO RXW VLWHV
7R WHVW DQG H[SDQG XVH RI XQGHUZDWHU YLGHR DQG DFRXVWLF HTXLSPHQW WR VWXG\
WKH EHKDYLRXU RI VHDOV DURXQG VDOPRQ FDJHV
7R H[DPLQH QHW VWUXFWXUH DQG GHSOR\PHQW ZLWK D YLHZ WR EHWWHU XQGHUVWDQG
KRZ VHDOV PD\ EH DEOH WR GDPDJH FDJHG ILVK
7R FRPSDUH VDPSOHV RI VHDODWWDFNHG VDOPRQ ZLWK VHDO GHQWLWLRQ SDWWHUQV

http://www.scotland.gov.uk/Topics/marine/Licensing/SealLicensing/2011
http://www.thecodeofgoodpractice.co.uk/index.php
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7R H[DPLQH LQGXVWU\ GDWD RQ VHDO GDPDJH WKDW PD\ H[SODLQ XQGHUO\LQJ
SDWWHUQV RI GDPDJH

2QH RI WKH PRVW SUHYDOHQW PHWKRGV XVHG WR GHWHU VHDO GHSUHGDWLRQ LV WKH XVH RI
$FRXVWLF 'HWHUUHQW 'HYLFHV $''V  7KHUH DUH VHYHUDO PRGHOV XVHG LQ 6FRWODQG
7KHUH DUH FRQFHUQV WKDW WKH XVH RI WKHVH GHYLFHV PD\ KDYH DQ XQDFFHSWDEOH LPSDFW
RQ HFKRORFDWLQJ FHWDFHDQV WKDW DUH JHQHUDOO\ PXFK PRUH VHQVLWLYH WR QRLVH WKDQ
VHDOV 6HYHUDO VWXGLHV KDYH VKRZQ WKDW WKH ZLGHO\ XVHG $LUPDU GHYLFH PD\ KDYH DQ
DYHUVLYH LQIOXHQFH RQ SRUSRLVH GLVWULEXWLRQ WR D GLVWDQFH RI NP RU PRUH 2OHVLXN
1LFKRO 6RZGHQ )RUG  -RKQVWRQ  1RUWKULGJH et al   7KH HIIHFWV
RI RWKHU GHYLFHV ZLWK YHU\ GLIIHUHQW DFRXVWLF VLJQDOV KDYH QRW EHHQ VWXGLHG ,QGHHG
WKHUH LV RQO\ RQH SXEOLVKHG VWXG\ WKDW HYHQ GHVFULEHV WKH DFRXVWLF VLJQDOV RI PRUH
WKDQ RQH RI WKH GHYLFHV FRQFHUQHG
7ZR IXUWKHU REMHFWLYHV ZHUH WKHUHIRUH



7R WHVW KRZ WKH ZLGHO\ XVHG 7HUHFRV VHDO GHWHUUHQW GHYLFH PLJKW DIIHFW WKH
GLVWULEXWLRQ RI SRUSRLVHV
7R GHVFULEH WKH DFRXVWLF SURSHUWLHV RI D VHOHFWLRQ RI $''V WKDW ZH ZHUH
DFFHVVLEOH IRU WKH SURMHFW

:H ZLOO DGGUHVV HDFK RI WKH REMHFWLYHV LQ WXUQ

2. Photo-identification studies
2.1 Background
,W LV FOHDU WKDW VHDOV DUH RIWHQ SUHVHQW DURXQG VDOPRQ IDUP VLWHV 1RUWKULGJH et al
  ZKLFK VHHPV OLNHO\ WR EH GXH WR WKH SUHVHQFH RI ZLOG ILVK WKDW DUH XVXDOO\
IRXQG DURXQG IDUP VLWHV 'HPSVWHU et al  'HPSVWHU et al  8JOHP et al
  ,W LV RIWHQ DVVXPHG WKDW GDPDJH DW ILVK IDUP VLWHV LV FDXVHG E\ LQGLYLGXDOV
WKDW OHDUQ KRZ WR RYHUFRPH WKH GHIHQFHV LQ SODFH DQG WKHQ VSHFLDOLVH LQ DWWDFNLQJ
FDJHG ILVK 7KLV YLHZ LV KHOG E\ PDQ\ VLWH RSHUDWRUV EHFDXVH LW LV RIWHQ VWDWHG WKDW
WKH OHWKDO UHPRYDO RI D VLQJOH LQGLYLGXDO ZLOO UHVXOW LQ DQ LPPHGLDWH GLVDSSHDUDQFH RI
VHDOGDPDJHG VDOPRQ +RZHYHU VRPH RSLQLRQV DOVR KROG WKDW RQ RFFDVLRQ PDQ\
VHDOV PD\ HQJDJH LQ GHSUHGDWLRQ DW WKH VDPH WLPH 1RUWKULGJH et al  
,W LV DOVR VRPHWLPHV DVVHUWHG WKDW WKH SUREOHPV DVVRFLDWHG ZLWK VHDO GDPDJH DW IDUP
VLWHV FRXOG EH DYRLGHG LI VDOPRQ IDUPV ZHUH ORFDWHG DZD\ IURP VHDO KDXO RXW VLWHV
:KLOH ZH DGGUHVV WKLV LVVXH IURP DQRWKHU SHUVSHFWLYH ODWHU LQ WKH SUHVHQW UHSRUW
6HFWLRQ   WKHUH LV DQ LPSOLFLW DVVXPSWLRQ KHUH WKDW GDPDJH E\ VHDOV LV PRVW OLNHO\
DWWULEXWDEOH WR WKH VHDOV DW WKH FORVHVW KDXO RXW VLWH 7KDW VDLG WKH DVVRFLDWLRQ
EHWZHHQ LQGLYLGXDO VHDOV DW KDXO RXW VLWHV DQG WKRVH DW QHDUE\ IDUP VLWHV KDV QRW
EHHQ VKRZQ DQG LW UHPDLQV WR EH GHPRQVWUDWHG ZKHWKHU RU QRW VHDOV JHQHUDOO\
DVVRFLDWH ZLWK IDUP VLWHV FORVHVW WR WKHLU KDXO RXW VLWH RU ZKHWKHU LQGLYLGXDO VHDOV
12

OHDUQ ERWK WKH ORFDWLRQ DQG UHZDUG RI PRUH WKDQ RQH VLWH LQ WKHLU ORFDOLW\ DQG YLVLW
VHYHUDO IDUP VLWHV
0RUH JHQHUDOO\ ZH PDLQWDLQ WKDW EHWWHU LQIRUPDWLRQ RQ WKH UHVLGHQFH WLPHV RI VHDOV
DURXQG IDUP VLWHV WKH VSHFLHV LQYROYHG WKH GHJUHH WR ZKLFK LQGLYLGXDOV DVVRFLDWH
ZLWK VSHFLILF IDUPV DQG WKH QXPEHUV RI LQGLYLGXDOV WKDW DVVRFLDWH ZLWK VSHFLILF IDUPV
PD\ KHOS WR XQGHUVWDQG WKH PRWLYDWLRQV DQG EHKDYLRXU RI VHDOV WKDW KDELWXDOO\ IRUDJH
DURXQG IDUP VLWHV 7KLV LQ WXUQ PD\ KHOS H[SODLQ VRPH RI WKH LVVXHV DVVRFLDWHG ZLWK
VHDO GDPDJH WR IDUP VLWHV

2.2 Methods
7R H[SORUH WKHVH LVVXHV ZH KDYH IRFXVHG RQ WZR DUHDV ± RQH LQ 2UNQH\ DQG WKH
RWKHU DURXQG WKH )LUWK RI /RUQH /RFK /LQQKH DQG WKH 6RXQG RI 0XOO LQ $UJ\OO± DQG
DWWHPSWHG WR LGHQWLI\ LQGLYLGXDO VHDOV SUHVHQW DW VHYHUDO IDUP VLWHV DQG DVVRFLDWHG
KDXO RXW VLWHV RYHU WKH GXUDWLRQ RI WKH SURMHFW :H KDYH DOVR LQFRUSRUDWHG VRPH
SKRWRJUDSKV RI LQGLYLGXDOV FROOHFWHG XQGHU D SUHYLRXV UHVHDUFK SURMHFW 1RUWKULGJH et
al  DW VLWHV DURXQG WKH 6RXQG RI 0XOO
7ZR SKRWRJUDSKHUV ZHUH VXSSOLHG ZLWK 6RQ\ GLJLWDO 6/5 FDPHUDV $ DQG $
HDFK HTXLSSHG ZLWK HLWKHU D IL[HG IRFDO PP RU PP OHQV 6LJPD DQG 0LQROWD
UHVSHFWLYHO\  3KRWRJUDSKV ZHUH FROOHFWHG RQ DQ RSSRUWXQLVWLF EDVLV DQG LQ
FROODERUDWLRQ ZLWK VLWH PDQDJHUV 'LJLWDO LPDJHV ZHUH GRZQORDGHG IURP IODVK
PHPRU\ FDUGV DQG VFUHHQHG IRU TXDOLW\ ,PDJHV ZHUH PDQDJHG LQ D EHVSRNH VHDO
SHODJH ,' SKRWR GDWDEDVH WKDW LV EHLQJ GHYHORSHG DW WKH 6HD 0DPPDO 5HVHDUFK 8QLW
6058 XQGHU D VHSDUDWH SURMHFW WKDW LV H[DPLQLQJ LQGLYLGXDOV PDLQO\ DW JUH\ VHDO
SXSSLQJ FRORQLHV
8VXDOO\ D SKRWRJUDSKHU ZRXOG VSHQG PRVW RI D VLQJOH GD\ DW D VLWH D µSKRWR
VHVVLRQ¶  DQG FROOHFW SKRWRJUDSKV RI DV PDQ\ VHDOV DV SRVVLEOH ,PDJHV ZHUH
GRZQORDGHG DQG VWRUHG LQ IROGHUV E\ VLWH DQG GDWH :LWKLQ HDFK GD\VLWH LPDJHV DUH
VWRUHG E\ µHQFRXQWHU¶ DQG WKHQ E\ VHDO 7KHUH PD\ WKHUHIRUH EH VHYHUDO
SKRWRJUDSKV RI DQ LQGLYLGXDO VHDO ZLWKLQ DQ HQFRXQWHU DQG VHYHUDO LQGLYLGXDOV ZLWKLQ
DQ HQFRXQWHU EXW DOVR VHYHUDO HQFRXQWHUV RI DQ LQGLYLGXDO ZLWKLQ D VLQJOH SKRWR
VHVVLRQ RU GD\
(DFK LQGLYLGXDO IRU ZKLFK D JRRG TXDOLW\ LPDJH ZDV DYDLODEOH ZDV JLYHQ D XQLTXH
DOSKDQXPHULF FRGH ,PDJHV RI HDFK LQGLYLGXDO ZHUH H[DPLQHG E\ HQFRXQWHU
JUDGHG DQG FRPSDUHG ZLWK DOO RWKHU LPDJHV WKURXJKRXW WKH GDWDEDVH WR ILQG
PDWFKHV ,I QR PDWFK ZDV IRXQG D QHZ LQGLYLGXDO LGHQWLILHU FRGH ZDV DVVLJQHG RU
WKH LQGLYLGXDO ZDV WDJJHG ZLWK D SUHYLRXVO\ LGHQWLILHG FRGH
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2.3 Results
3KRWRJUDSKV ZHUH WDNHQ DW  ILVK IDUP VLWHV LQ 2UNQH\ DQG DURXQG 0XOO DQG 2EDQ
DQG  KDXO RXW VLWHV ORFDWHG FORVH WR WKRVH IDUPV 7KHUH ZHUH  SKRWRJUDSKLF
VHVVLRQV GXULQJ ZKLFK SKRWRJUDSKV ZHUH FROOHFWHG LQYROYLQJ  DQLPDO HQFRXQWHUV
2YHU  LPDJHV ZHUH UHFRUGHG DQG DIWHU VHOHFWLRQ RI WKH PRVW XVHIXO LPDJHV
 ZHUH HQWHUHG LQWR WKH GLJLWDO LPDJH FDWDORJXH
7KH YDVW PDMRULW\ RI VHDOV WKDW ZHUH SKRWRJUDSKHG RQ WKH ZHVW FRDVW ZHUH KDUERXU
VHDOV Phoca vitulina) ZKLOH LQ 2UNQH\ DOO WKH DQLPDOV SKRWRJUDSKHG DW IDUPV ZHUH
JUH\ VHDOV Halichoerus grypus  7KH QXPEHUV RI VHDOV HQFRXQWHUHG DW IDUP VLWHV
DUH JLYHQ E\ UHJLRQ DQG E\ VSHFLHV LQ 7DEOH 
Table 1: Numbers of seals encountered at farm sites by region

Region
Grey seals Harbour seals
0XOO


2EDQ


2UNQH\



,Q WRWDO  SKRWR VHVVLRQV DW ILVK IDUPV )) UHVXOWHG LQ  VHDO HQFRXQWHUV DPRQJ
ZKLFK  LGHQWLILDEOH LQGLYLGXDOV ZHUH UHFRUGHG $ IXUWKHU  SKRWR VHVVLRQV DW KDXO
RXW VLWHV +2 UHVXOWHG LQ  VHDO HQFRXQWHUV RI ZKLFK  ZHUH LGHQWLILDEOH
LQGLYLGXDOV 3KRWR VHVVLRQV DW ILYH ORFDWLRQV  [ ))  [ +2 UHVXOWHG LQ QR VHDO
HQFRXQWHUV 2QH KDXO RXW VLWH DOVR \LHOGHG  HQFRXQWHUV LQ  GD\V EXW QRQH RI WKH
VHDOV ZDV GHHPHG LQGLYLGXDOO\ LGHQWLILDEOH 2Q DYHUDJH HDFK SKRWR VHVVLRQ UHVXOWHG
LQ  HQFRXQWHUHG VHDOV DQG  LGHQWLILDEOH DQLPDOV ,W LV FOHDU WKDW VRPH
ORFDWLRQV KDYH PRUH VHDO µDFWLYLW\¶ WKDQ RWKHUV WKH ILVK IDUPV DW /LVPRUH DQG
&UDLJQLVK IRU H[DPSOH \LHOGHG  DQG  HQFRXQWHUV RYHU MXVW WKUHH DQG WZR
VHVVLRQV UHVSHFWLYHO\ ZLWK  DQG  LGHQWLILDEOH VHDOV VHH DOVR 7DEOH  
0RVW RI WKH  VHDOV WKDW ZHUH UHFRUGHG DW ILVK IDUPV ZHUH RQO\ UHFRUGHG RQFH EXW
 ZHUH VHHQ RQ PRUH WKDQ RQH RFFDVLRQ )LJXUH  UHG EDUV  ,W LV GLIILFXOW WR
LQWHUSUHW WKLV UHVXOW ZLWK FRQILGHQFH EHFDXVH VDPSOLQJ KDV EHHQ VSRUDGLF DW DOO
ORFDWLRQV WKDW ZH KDYH YLVLWHG DQG EHFDXVH RQO\ DERXW  LQ  RU  VHDO HQFRXQWHUV
UHVXOWV LQ DQ DQLPDO EHLQJ LGHQWLILHG EXW WKH GDWD VXJJHVW WKDW PRVW VHDOV DW ILVK IDUP
VLWHV DUH WUDQVLHQW WKDW LV WKH\ GR QRW UHPDLQ RQ VLWH IRU ORQJ
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Table 2: Detailed summary of seal encounters by site
Area
Site
Location Photo
Encounters
type
sessions

Identified
individuals

Encounters
per
Session

Identified
seals per
encounter
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5.3

0.27

TOTALS DQG Averages

Figure 1: Frequency of (re-) sightings of individual seals

+RZHYHU LW LV DOVR FOHDU WKDW VRPH VHDOV GR DWWHQG VLWHV UHSHDWHGO\ RYHU ORQJ SHULRGV
RI WLPH 2QH LQGLYLGXDO ZDV VHHQ WKUHH WLPHV DW WKH VDPH VLWH LQ  ZLWK  GD\V
EHWZHHQ WKH ILUVW DQG ODVW VLJKWLQJ DQG DQRWKHU ZDV VHHQ WZLFH DW GDWHV  GD\V
DSDUW 0RUH XVXDOO\ VKRUWHU µUHVLGHQFHV¶ ZHUH DSSDUHQW RI WKH  LGHQWLILDEOH VHDOV
RYHUDOO RQO\ IRXU ZHUH VHHQ PRUH WKDQ  GD\V DSDUW
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7KLV VXJJHVWLRQ WKDW VHDOV DUH PRVW RIWHQ WUDQVLHQW DW ILVK IDUP VLWHV LV VXSSRUWHG E\
D FORVHU H[DPLQDWLRQ RI WKH HQFRXQWHUV DW RQH ILVK IDUP VLWH DW 3RUW QD &UR DW ZKLFK
 SKRWR VHVVLRQV ZHUH PDGH RYHU  PRQWKV DQG ZKHUH D VWHDG\ SURJUHVVLRQ RI
µQHZ¶ VHDOV ZDV LGHQWLILHG WKURXJKRXW WKH VDPSOLQJ SHULRG 7KLV LV VKRZQ LQ )LJXUH 
7ZR KDUERXU VHDOV ZHUH VLJKWHG DW PRUH WKDQ RQH IDUP RQH RI ZKLFK ZDV UHVLJKWHG
DIWHU PRUH WKDQ WKUHH \HDUV DQG RYHU NP IURP WKH RULJLQDO VLJKWLQJ ORFDWLRQ 7KH
RWKHU ZDV VHHQ DW RQH VLWH RQ WZR FRQVHFXWLYH GD\V WKHQ ILIWHHQ GD\V ODWHU ZDV
UHVLJKWHG DW DQRWKHU IDUP DSSUR[LPDWHO\ NP DZD\
Figure 2: Pattern of individual seal identification through time at Port Na Cro site
Port na Cro: identified seals by photo session date
Date / Seal PNC1 PNC10 PNC11 PNC20 PNC23 PNC24 PNC25 PNC31 PNC32 PNC36 PNC40 PNC47
*
*
1RY
*
1RY
*
'HF
*
'HF
*
*
'HF
*
-DQ
*
-DQ
*
*
-DQ
*
-XQ
*
*
-XO
*
-XO
*
$XJ
*
6HS
*
*
6HS

2.4 Discussion
6DPSOLQJ LQ 2UNQH\ ZDV OLPLWHG PDLQO\ IRU ORJLVWLFDO UHDVRQV EXW DOO VHDO HQFRXQWHUV
DW ILVK IDUPV LQ WKLV UHJLRQ ZHUH JUH\ VHDOV &RQYHUVHO\ DURXQG 0XOO DQG $UJ\OO ZH
UHFRUGHG SUHGRPLQDQWO\ KDUERXU VHDOV ZLWK YHU\ IHZ JUH\ VHDOV LGHQWLILHG DW ILVK IDUP
VLWHV 5HVXOWV IURP D TXHVWLRQQDLUH VXUYH\ RI VDOPRQ IDUP PDQDJHUV LQ WKH ZLGHU
$UJ\OO UHJLRQ DV UHSRUWHG E\ 1RUWKULGJH et al  VXJJHVW WKDW PRVW ZHUH XQVXUH
ZKLFK VSHFLHV RI VHDO ZDV UHVSRQVLEOH IRU PRVW GDPDJH LQ WKLV UHJLRQ 2XU UHVXOWV
KHUH VXJJHVW WKDW  RI VHDOV LQ DWWHQGDQFH DW IDUP VLWHV DURXQG 0XOO DQG FRDVWDO
$UJ\OO DUH KDUERXU VHDOV \HW OLFHQFH UHWXUQV IRU WKH FDOHQGDU \HDU  VXJJHVW WKDW
 KDUERXU VHDOV DQG  JUH\ VHDOV ZHUH VKRW LQ WKH ZLGHU ZHVWHUQ KLJKODQG UHJLRQ
RQ WKH EDVLV RI GDPDJH WR ILVKHULHV RU ILVK IDUPLQJ RU WR SURWHFW WKH ZHOIDUH RI IDUPHG
ILVK ,W VHHPV WKDW JUH\ VHDOV DUH LQ IDFW FRQVLGHUHG WR EH UHVSRQVLEOH IRU D JUHDWHU
SURSRUWLRQ RI GDPDJH WR ILVK IDUP VLWHV WKDQ WKHLU QRUPDO OHYHO RI DWWHQGDQFH DW IDUP
VLWHV PD\ VXJJHVW ,W VKRXOG EH QRWHG WKDW ZH ZHUH QRW DZDUH RI QRU WROG RI DQ\
SDUWLFXODU RQJRLQJ SUREOHP ZLWK VHDOV ZKLOH ZH FRQGXFWHG WKHVH SKRWR LG VWXGLHV
4

http://www.scotland.gov.uk/Topics/marine/Licensing/SealLicensing
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'HVSLWH SKRWRJUDSKLQJ VHDOV DW KDXORXW VLWHV DGMDFHQW WR VDOPRQ IDUP VLWHV ZKHQHYHU
SRVVLEOH ZH RQO\ IRXQG RQH PDWFK EHWZHHQ WKRVH VHDOV DW KDXO RXW VLWHV DQG WKRVH
DW IDUP VLWHV 7ZR VHDOV ZHUH VHHQ WR KDYH PRYHG EHWZHHQ GLIIHUHQW IDUP VLWHV RQH
RYHU D UHODWLYHO\ VKRUW SHULRG RI WLPH ILIWHHQ GD\V DQG WKH RWKHU RYHU D PXFK ORQJHU
SHULRG RYHU WKUHH \HDUV  ,W LV SRVVLEOH WKDW WKHVH LQGLYLGXDOV PD\ VSHFLDOLVH LQ
IHHGLQJ DW IDUP VLWHV EXW JLYHQ WKH ORZ QXPEHU LQYROYHG WKLV FRXOG DOVR EH SXW GRZQ
WR FKDQFH )XUWKHUPRUH WKH IDFW WKDW WKHUH ZHUH QR RQJRLQJ SUHGDWLRQ HYHQWV
GXULQJ WKH SHULRGV ZKHQ WKHVH VHDOV ZHUH VLJKWHG VKRZV WKDW LI WKH\ KDYH
VSHFLDOLVHG LQ XWLOLVLQJ ILVK IDUPV VLWHV LQ VRPH ZD\ LW LV QRW WR SUHGDWH RQ WKH IDUPHG
ILVK
'XULQJ WKH FRXUVH RI WKH SURMHFW RWKHU PHPEHUV RI 6058 ZHUH WDJJLQJ KDUERXU
VHDOV RQ WKH ZHVW FRDVW DV D SDUW RI DQRWKHU VWXG\ XVLQJ VDWHOOLWH WDJV 2QH RI WKHVH
VHDOV ZDV QRWLFHG WR KDYH UHSHDWHGO\ YLVLWHG D IDUP VLWH RYHU VHYHUDO GD\V DURXQG
NP IURP WKH KDXO RXW VLWH ZKHUH LW ZDV WDJJHG EHIRUH UHWXUQLQJ WR WKH VLWH ZKHUH LW
ZDV WDJJHG )LJXUH   7KLV GHPRQVWUDWHV WKDW QRW DOO VHDOV VHHQ DURXQG IDUP VLWHV
DUH QHFHVVDULO\ WR EH IRXQG DW ORFDO KDXO RXW VLWHV DQG DJUHHV ZLWK SUHYLRXV VDWHOOLWH
VWXGLHV WKDW KDYH VKRZQ WKDW ZKLOH VRPH  RI KDUERXU VHDO IRUDJLQJ WULSV DUH
ZLWKLQ D NP UDGLXV RI WKH KDXO RXW VLWH DW ZKLFK WKH\ ZHUH WDJJHG ZLWK VRPH VHDOV
WUDYHOOLQJ RYHU NP  RQO\  RI WULSV EHJLQ DQG HQG DW WKH VDPH KDXO RXW VLWH
&XQQLQJKDP et al   7KH RYHUDOO LPSUHVVLRQ LV RI KDUERXU VHDOV XVLQJ VHYHUDO
KDXO RXW VLWHV ZLWKLQ D µKRPH UDQJH¶ WKDW PD\ H[WHQG RYHU VHYHUDO WHQV RI NLORPHWUHV
LQ GLDPHWHU
0RVW LQGLYLGXDO VHDOV DW IDUP VLWHV WKHUHIRUH DSSHDU WR EH WUDQVLHQW DQG PD\ EH
WDNLQJ DGYDQWDJH RI ORFDOO\ DEXQGDQW ZLOG ILVK DVVRFLDWHG ZLWK WKH IDUP XVXDOO\ IRU
MXVW D IHZ GD\V 7KHUH LV QR HYLGHQFH DW WKLV VWDJH WR PDNH D FORVH OLQN EHWZHHQ
DQLPDOV DW D KDXO RXW VLWHV ZLWK WKRVH DW QHDUE\ IDUP VLWHV 1RU GR ZH UXOH RXW WKH
SRVVLELOLW\ WKDW VRPH DQLPDOV PD\ DW WLPHV VWD\ FORVHO\ DVVRFLDWHG ZLWK D VLQJOH IDUP
IRU DQ H[WHQGHG SHULRG RI WLPH LQ WKLV VWXG\ ZH KDYH QRW VHHQ WKLV W\SH RI EHKDYLRXU
DQG LW LV FOHDUO\ QRW ZLGHVSUHDG ,W ZRXOG EH XQZLVH KRZHYHU WR UHDG WRR PXFK LQWR D
UHODWLYHO\ VPDOO GDWD VHW DW WKLV VWDJH 6R IDU RXU UHVXOWV VKRXOG EH VHHQ DV D SLORW
VWXG\ LQWR WKH IHDVLELOLW\ RI LGHQWLI\LQJ LQGLYLGXDO EHKDYLRXUDO UHVSRQVHV WR ILVK IDUPV
DQG IXUWKHU DQDO\VLV ZLOO EH UHTXLUHG WR GHWHUPLQH DSSURSULDWH VDPSOH VL]HV UHTXLUHG
WR DQVZHU TXHVWLRQV DERXW WKH UDQJH RI LQGLYLGXDOV¶ UHVLGHQFHV DURXQG IDUP VLWHV WKH
UHODWLRQVKLS EHWZHHQ DQLPDOV VHHQ DURXQG IDUP VLWHV DQG WKRVH DW ORFDO KDXO RXW
VLWHV WKH GHJUHH WR ZKLFK LQGLYLGXDOV VSHFLDOLVH LQ IHHGLQJ DW IDUP VLWHV DQG PRVW
LPSRUWDQWO\ WKH GHJUHH WR ZKLFK GDPDJH PD\ EH DWWULEXWDEOH WR VSHFLILF LQGLYLGXDOV
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Figure 3: Satellite track of harbour seal tagged at Kylerhea visiting farm site in Loch Hourn

3. Underwater video monitoring systems to study seal behaviour
around salmon cages.
2QH RI WKH PDMRU REVWDFOHV WR GHYHORSLQJ DQG LPSURYLQJ PHDVXUHV WR PLQLPLVH VHDO
GDPDJH DW ILVK IDUPV LV WKH ODFN RI XQGHUVWDQGLQJ RI KRZ DWWDFNV RFFXU
([LVWLQJ DQWLSUHGDWRU SUDFWLFHV DUH JHQHUDOO\ EDVHG RQ DVVXPSWLRQV DERXW VHDO
EHKDYLRXU DQG PHWKRGV RI DWWDFN LQFOXGLQJ WKH DUHD RI WKH QHW WDUJHWHG DQG WKH
QXPEHU RI VHDOV LQYROYHG )RU H[DPSOH VHDO EOLQGV DQG IDOVH ERWWRPHG QHWV DUH
EDVHG RQ WKH DVVXPSWLRQ WKDW DWWDFNV JHQHUDOO\ RFFXU IURP EHORZ 7KHVH
DVVXPSWLRQV WHQG WR EH EDVHG RQ DQHFGRWDO HYLGHQFH VXFK DV LQGLUHFW REVHUYDWLRQV
RI DWWDFNV 'LUHFW REVHUYDWLRQV DUH YHU\ UDUH DQG JHQHUDOO\ JR XQGRFXPHQWHG ZLWK
YHU\ OLWWOH HPSLULFDO LQIRUPDWLRQ DYDLODEOH +RZHYHU GXULQJ RXU ZRUN DW IDUP VLWHV ZH
KDYH RFFDVLRQDOO\ KHDUG DQHFGRWHV XVXDOO\ VHFRQGKDQG ZKHUH DWWDFNV KDG EHHQ
ZLWQHVVHG HLWKHU E\ GLYHUV RU YLD UHPRWH YLGHR FDPHUDV 7KHVH FDPHUDV DUH
LQVWDOOHG LQVLGH WKH ILVK FDJHV LQ RUGHU WR PRQLWRU WKH IHHGLQJ DFWLYLW\ RI ILVK DQG
SURYLGH D OLYH YLGHR IHHG EDFN WR WKH EDUJH 7KLV JDYH XV D VWDUWLQJ SRLQW IURP ZKLFK
WR JDWKHU LQIRUPDWLRQ DERXW DWWDFNV DQG ZH ZHUH NHHQ WR GHYHORS WKLV DV D PHDQV RI
FROOHFWLQJ XVHIXO GDWD
:H KDYH H[DPLQHG H[LVWLQJ LQSHQ FDPHUD V\VWHPV DW VHYHUDO VLWHV EXW FRQFOXGH
WKDW WKH\ DUH QRW EHVW VXLWHG IRU UHFRUGLQJ VHDO DFWLYLW\ RU GHSUHGDWLRQ LQ WKH ZD\ WKDW
WKH\ DUH VHW XS )LUVWO\ WKH\ DUH XVXDOO\ SRVLWLRQHG LQ WKH FHQWUH RI WKH FDJH IDFLQJ
XSZDUGV WR JHW WKH EHVW YLHZ RI IHHGLQJ ILVK LQ DOO OLJKW FRQGLWLRQV 6RPH RI WKH

5

WKLFNHU QHWWLQJ PDWHULDO FRYHULQJ D IHZ VTXDUH PHWUHV RI WKH FHQWUH RI WKH ERWWRP RI WKH QHW
WR GLVJXLVH GHDG ILVK WKDW PD\ DFFXPXODWH WKHUH
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QHZHU FDPHUDV FDQ EH UHPRWHO\ URWDWHG WKURXJK  DOORZLQJ D YLHZ RI WKH LQVLGH
RI WKH QHWWLQJ EXW WKH FDPHUD LV VWLOO DW OHDVW P DZD\ IURP WKH VLGH QHWWLQJ
$GGLWLRQDOO\ DQ\ YLHZ RI WKH QHW EDUULHU LV IXUWKHU UHGXFHG E\ ORZ OLJKW OHYHOV ZKHQ
WKH FDPHUD LV IDFLQJ DZD\ IURP WKH VXUIDFH DQG E\ SDUWLFXODWH PDWWHU DQG VDOPRQ LQ
WKH ZDWHU FROXPQ 6HFRQGO\ WKH FDPHUDV DUH QHHGHG IRU HYHU\GD\ RSHUDWLRQ RI WKH
IDUP DQG LQ PRVW FDVHV LW ZRXOG QRW EH SUDFWLFDO WR UHSRVLWLRQ WKHP IRU DQ\ OHQJWK RI
WLPH 3RZHU VXSSO\ WR WKHVH FDPHUDV LV DOVR JHQHUDOO\ OLPLWHG WR ZRUNLQJ KRXUV ZKHQ
WKH JHQHUDWRUV DUH UXQQLQJ (YHQ ZLWKRXW WKHVH FRPSOLFDWLRQV WKLV LV QRW D JRRG
DQJOH IRU UHFRUGLQJ DWWDFNV DV WKH QHW REVFXUHV WKH YLHZ RI WKH VHDO
:H WKHUHIRUH EHJDQ WR H[SHULPHQW ZLWK GLIIHUHQW W\SHV RI PRQLWRULQJ DQG UHFRUGLQJ
V\VWHPV LQ RUGHU WR ILQG D SUDFWLFDO VROXWLRQ IRU UHFRUGLQJ DWWDFNV 2XU SURJUHVV VR
IDU LV GHVFULEHG EHORZ LQ ILYH VHSDUDWH V\VWHPV WKDW ZH KDYH LQYHVWLJDWHG RU
GHYHORSHG

3.1 System 1: Tritech Seacorder.
,QLWLDO DWWHPSWV DW PDNLQJ XQGHUZDWHU UHFRUGLQJV ZHUH PDGH ZLWK D VHOIFRQWDLQHG
FDPHUD RULJLQDOO\ GHVLJQHG WR EH GHSOR\HG RQ WUDZO QHWV 7KH XQLW ZDV YHU\ KHDY\
DQG VWXUG\ DQG FRXOG HDVLO\ EH VXVSHQGHG EHORZ WKH ILVK IDUP FDJHV :H KDG WKLV
XQLW PRGLILHG VR WKDW DQ XPELOLFDO FRXOG EH FRQQHFWHG WR D SRUWDEOH VFUHHQ RQ WKH
VXUIDFH WR HQDEOH XV WR DGMXVW WKH DQJOH DQG GLUHFWLRQ RI WKH FDPHUD 7KH VWUHQJWK
DQG ZHLJKW RI WKH FDPHUD PHDQW WKDW ZH ZHUH DEOH WR DWWDFK D OHQJWK RI FKDLQ WR WKH
EDVH ZKLFK KHOSHG WR VWDELOLVH DJDLQVW WKH PRWLRQ RI WKH ZDONZD\ RQ WKH VXUIDFH $
ULQJ RI OLJKW HPLWWLQJ GLRGHV /('V LV PRXQWHG DURXQG WKH OHQV ZKLFK ZH KRSHG
ZRXOG DOORZ UHFRUGLQJV WR EH PDGH DW QLJKW ,Q RQH VHQVH WKHVH SURYHG XVHIXO DV
WKH\ ZHUH D SRLQW RI LQWHUHVW IRU D VHDO WR LQYHVWLJDWH DOORZLQJ XV WR JHW FORVHXS
LPDJHV RI WKH VHDO¶V KHDG )LJXUH   7KLV PHDQW ZH ZHUH DEOH WR JHW D SRVLWLYH
LGHQWLILFDWLRQ RI VSHFLHV Halichoerus grypus DQG OLNHO\ VH[ IHPDOH  ZKLFK ZRXOG
RWKHUZLVH KDYH EHHQ GLIILFXOW RU LPSRVVLEOH DW QLJKW 8QIRUWXQDWHO\ WKH /('V ZHUH
QRW VXIILFLHQWO\ SRZHUIXO WR LOOXPLQDWH WKH QHW IURP P DZD\ ZKLFK PDGH UHFRUGLQJ
RI D QLJKWWLPH DWWDFN XVLQJ WKLV V\VWHP XQOLNHO\ )XUWKHUPRUH WKH EDWWHU\ OLIH OLPLWHG
UHFRUGLQJV WR DURXQG  KRXUV SHU GHSOR\PHQW DQG GRZQORDGLQJ WKH IRRWDJH IURP
WKH VWRUDJH V\VWHP WR D ODSWRS LQ WKH ILHOG ZDV QRW VWUDLJKWIRUZDUG 7KH VHDO WKDW ZH
UHFRUGHG DSSHDUV WR KDYH \HOORZ VWDLQLQJ DURXQG LWV PRXWK )LJXUH  ZKLFK PD\
VXJJHVW WKDW WKH LQGLYLGXDO KDG QHWWLQJ PDWHULDO FRDWHG ZLWK DQWLIRXOLQJ LQ LWV PRXWK

6

This was a prototype of the now commercially available ‘Seacorder’
http://www.tritech.co.uk/product/tritech-seacorder-autonomous-video-recording-system
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Figure 4: Close up of grey seal investigating camera system 1

3.2 System 2: Camcorder and housing
2XU QH[W UHFRUGLQJ DWWHPSWV ZHUH PDGH XVLQJ D KDQGKHOG YLGHR FDPHUD 6RQ\
+DQG\&DP +'565( LQVLGH D FXVWRP EXLOW KRXVLQJ $GDSWDWLRQV WR WKH
FDPHUD¶V SRZHU VXSSO\ H[WHQGHG WKH UHFRUGLQJ WLPH EXW RQO\ WR DURXQG  KRXUV DW D
WLPH 7KH JUHDW DGYDQWDJH RI WKLV V\VWHP RYHU WKH SUHYLRXV 7ULWHFK 6HDFRUGHU ZDV
WKDW ZH FRXOG HDVLO\ GRZQORDG WKH GDWD RQVLWH UHSODFH WKH EDWWHU\SDFN DQG UDSLGO\
UHGHSOR\ IRU DQRWKHU GD\¶V ILOPLQJ ,Q WKLV ZD\ UHFRUGLQJV FRXOG EH PDGH VHPL
FRQWLQXRXVO\ RYHU D SHULRG RI GD\V ZKLOH D SUHGDWLRQ HYHQW ZDV RQJRLQJ 7KH TXDOLW\
RI YLGHR FDSWXUHG ZLWK WKLV FDPHUD ZDV DOVR H[FHOOHQW SURYLGLQJ D YHU\ FOHDU YLHZ RI
WKH QHW ILVK DQG SDVVLQJ VHDOV HYHQ DW GHSWKV EHORZ P ZKHUH OLJKW LV XVXDOO\
SRRU 7KLV FDPHUD ZDV UHODWLYHO\ VPDOO DQG OLJKWZHLJKW ZKLFK PDGH LW PXFK HDVLHU
WR WUDQVSRUW DQG KDQGOH RQ VLWH +RZHYHU WKLV DOVR PDGH WKH FDPHUD PRUH IUDJLOH
DQG PXFK PRUH FDUH QHHGHG WR EH WDNHQ ZKHQ KDQGOLQJ LW LQ RUGHU WR QRW GDPDJH LW
7KLV SUHVHQWV D SUREOHP LQ D ILVKIDUP HQYLURQPHQW ZKHUH WKH ULVN RI HTXLSPHQW
JHWWLQJ NQRFNHG RU VSODVKHG ZLWK VHDZDWHU LV KLJK $QRWKHU GLVDGYDQWDJH RI XVLQJ D
FDPHUD LQ D KRXVLQJ OLNH WKLV LV WKDW \RX FDQQRW VHH ZKHUH WKH FDPHUD LV SRLQWLQJ
ZKHQ LW LV GHSOR\HG 8QWLO WKH FDPHUD KDG EHHQ UHFRYHUHG DQG GDWD GRZQORDGHG
WKHUH LV QR ZD\ WR WHOO ZKHWKHU \RX KDYH DQ DSSURSULDWH YLHZSRLQW 2Q RQH RFFDVLRQ
GLYHUV ZRUNLQJ RQ WKH FDJHV ZHUH KDSS\ WR VHW XS WKH FDPHUD LQ D JRRG SRVLWLRQ EXW
FOHDUO\ WKLV ZRXOG QRW EH SUDFWLFDO DV D UHJXODU PHDQV RI UHSRVLWLRQLQJ FDPHUDV
Figure 5: Seal in daytime captured on system 2

Figure 6: Seal in daytime captured on system 2
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,Q WRWDO WKLV V\VWHP ZDV GHSOR\HG RQ ILYH RFFDVLRQV DW WKUHH GLIIHUHQW ORFDWLRQV 7KH
WLPLQJ RI GHSOR\PHQWV ZDV FRQFHQWUDWHG RQ ODWH DIWHUQRRQ RU HDUO\ HYHQLQJ DV VHDOV
ZHUH VXVSHFWHG WR EH DWWDFNLQJ GXULQJ WKH HYHQLQJQLJKW 7KHUH ZHUH WZR
HQFRXQWHUV ZLWK VHDOV UHFRUGHG )LJXUHV    ERWK RI ZKLFK ZHUH LQ WKH ODWH
DIWHUQRRQ RQ WKH VDPH VLWH LQ 2UNQH\ :H VDZ QR SK\VLFDO LQWHUDFWLRQ EHWZHHQ
WKHVH LQGLYLGXDOV DQG WKH QHW V\VWHP RU WKH VDOPRQ DQG LW ZDV QRW SRVVLEOH WR
LGHQWLI\ SRVLWLYHO\ ZKHWKHU WKH VDPH DQLPDO ZDV LQYROYHG LQ ERWK HQFRXQWHUV WKRXJK
LW LV WKRXJKW WR EH XQOLNHO\  WKH VHFRQG LQGLYLGXDO EHLQJ FOHDUO\ D JUH\ VHDO EXW WKH
ILUVW EHLQJ PRUH OLNHO\ WR EH FRPPRQ :H DOVR VDZ LQVWDQFHV RI GLYLQJ ELUGV RQ WKHVH
GHSOR\PHQWV ERWK VKDJV Phalacrocora aristotelis DQG HLGHU GXFNV Somateria
millissima  DQG PXOWLSOH LQVWDQFHV RI VDOPRQ EHLQJ VWDUWOHG E\ WKHLU GLYLQJ EHKDYLRXU

3.3 System 3: Precision Aquaculture Portable Camera System
7KH PDLQ GUDZEDFN RI ERWK SUHYLRXV V\VWHPV ZDV WKDW EDWWHU\ DQG KDUGGULYH VL]H
OLPLWHG WKH OHQJWK RI UHFRUGLQJV WR DURXQG  KRXUV SHU GHSOR\PHQW 7KLV KXJHO\
UHGXFHV WKH FKDQFHV RI FROOHFWLQJ IRRWDJH RI DQ DWWDFN DV LW PHDQV WKH VLWH QHHGV WR
EH YLVLWHG HYHU\ GD\ WR GRZQORDG GDWD DQG UHFKDUJH WKH EDWWHU\ ,W ZDV FOHDU WKDW LQ
PDQ\ FDVHV LW FRXOG EH SRVVLEOH WR H[SORLW DQ DYDLODEOH SRZHU VXSSO\ RQ VLWH HLWKHU
DV D FRQWLQXRXV VRXUFH RU VLPSO\ WR FKDUJH D Y EDWWHU\ ZKLOH WKH JHQHUDWRU ZDV
RSHUDWLQJ %\ XWLOLVLQJ WKH SRZHU VXSSO\ RQ WKH VLWHV ZH ZHUH KRSHIXO WKDW ZH ZRXOG
EH DEOH WR VHW XS D UHFRUGLQJ V\VWHP DQG OHDYH LW UXQQLQJ RYHU H[WHQGHG SHULRGV DQG
WKDW WKLV ZRXOG EH D PXFK PRUH HIILFLHQW WHFKQLTXH 6RPH YLGHR V\VWHPV VLPLODU WR
WKLV ZHUH IRXQG DOUHDG\ WR EH LQ XVH E\ WKH LQGXVWU\ XVHG IRU LQWHULP QHW LQVSHFWLRQV
IRU LQVWDQFH $Q DTXDFXOWXUH WHFKQRORJ\ FRPSDQ\ DJUHHG WR OHDVH XV D SURWRW\SH
V\VWHP RQ WKH DUUDQJHPHQW WKDW PRGLILFDWLRQV FRXOG EH PDGH WKURXJK WKH FRXUVH RI
WKH SURMHFW WR DFFRPPRGDWH RXU QHHGV
,QLWLDO WHVWV ZHUH FRQGXFWHG ZLWK D  *E KDUG GULYH PDFKLQH ZKLFK UHFRUGHG IRXU
FKDQQHOV RI YLGHR ODUJH HQRXJK WR UHFRUG DW OHDVW  ZHHNV FRQWLQXRXVO\ 7KLV
V\VWHP KDG DQ LQWHJUDWHG PRQLWRU VR WKDW WKH YLGHR IHHG FRXOG EH YLHZHG ZKLOVW
LQVWDOOLQJ WKH FDPHUDV DQG FRXOG UXQ IURP HLWKHU D Y RU Y SRZHU VXSSO\
0RGLILFDWLRQV DQG UHSDLUV RI WKLV XQLW ZHUH QHFHVVDU\ DIWHU D EULHI WULDO DQG D VHFRQG
V\VWHP ZDV VXSSOLHG ZLWK D ODUJHU KDUG GULYH 7E DQG IXVHV SURWHFWLQJ FULWLFDO
FRPSRQHQWV 7KLV ZDV WHVWHG RYHU D RQH PRQWK GHSOR\PHQW RQ D VLWH ZKHUH DWWDFNV
ZHUH NQRZQ WR EH RFFXUULQJ EXW WHFKQLFDO SUREOHPV PHDQW WKDW RQO\  KRXUV RI
IRRWDJH ZDV UHFRUGHG RQ HDFK RI WKUHH FKDQQHOV +HUH WKH UHFRUGHU ZDV DWWDFKHG WR
WZR GHHS F\FOH 9 EDWWHULHV FKDUJHG E\ WZR VRODU SDQHOV
7KHUH ZHUH VHYHUDO WHFKQLFDO SUREOHPV
- 2QH RI WKH IRXU FDPHUDV IDLOHG LPPHGLDWHO\
- 3RZHU FRQVXPSWLRQ ZDV UHODWLYHO\ KLJK UHVXOWLQJ LQ FXW RXWV
- $IWHU D ORZ YROWDJH FXWRXW WKH UHFRUGHU ZRXOG UHPDLQ GRUPDQW QRW UHFRUGLQJ
XQWLO LW ZDV PDQXDOO\ UHVHW
- ([WUHPHO\ VORZ GDWD WUDQVIHU UDWH YLD 86% PDGH LW ORJLVWLFDOO\ GLIILFXOW WR FROOHFW
UHFRUGLQJV
- /DFN RI DFFHVV GLUHFWO\ LQWR WKH KDUG GULYH WR E\SDVV 86% µERWWOHQHFN¶
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'HVSLWH RQO\ UHFRUGLQJ IRU D IUDFWLRQ RI WKH WRWDO GHSOR\PHQW WLPH ZH FDSWXUHG
PXOWLSOH HQFRXQWHUV ZLWK VHDOV RYHU WKLV SHULRG ,QWHUHVWLQJO\ WKLV VLWH KDSSHQHG WR
EH RQH ZKHUH DQWLSUHGDWRU QHWV ZKLFK DUH QRZ UDUHO\ XVHG LQ 6FRWODQG DUH VWLOO
HPSOR\HG 7KH FDJH DW ZKLFK WKH FDPHUDV ZHUH LQVWDOOHG ZDV ILWWHG ZLWK D IXOO\
HQFORVHG SUHGDWRU QHW ZKLFK FRPSOHWHO\ HQFLUFOHV WKH ILVK QHW RQ DOO VLGHV DQG EHORZ
7KH DQWLSUHGDWRU QHW ZDV VXVSHQGHG IURP WKH ZDONZD\ DSSUR[LPDWHO\ P RXWVLGH RI
WKH ILVK QHW FUHDWLQJ D VHFRQG EDUULHU EHWZHHQ WKH VHDO DQG WKH ILVK
)RRWDJH ZDV FDSWXUHG DW WKLV VLWH ZKLFK FOHDUO\ VKRZV WKH VHDO LQ EHWZHHQ WKH WZR
QHWV )LJXUHV    7KH RQO\ SRLQW RI HQWU\ EHWZHHQ WKH WZR QHWV ZDV DW WKH VHD
VXUIDFH ZKHUH ERWK QHWV DUH DWWDFKHG WR WKH µ3RODUFLUNHO¶WXEXODU SODVWLF ZDONZD\
PHDQLQJ WKDW WKH VHDO PRVW OLNHO\ FUDZOHG RYHU WKH ZDONZD\ WR GURS GRZQ LQVLGH WKH
DQWLSUHGDWRU QHW 7KLV LV D SUHYLRXVO\ XQLGHQWLILHG RU DW OHDVW XQGRFXPHQWHG
SUREOHP ZLWK WKH GHVLJQ RI DQWLSUHGDWRU QHWV DQG LV OLNHO\ WR LQFUHDVH WKH ULVN RI
VHDOV EHFRPLQJ HQWDQJOHG DQG GURZQLQJ 6HDOV ZHUH DOVR VHHQ RXWVLGH RI ERWK QHWV
)LJXUH  
:KLOVW WKLV UHFRUGLQJ V\VWHP ZDV D VLJQLILFDQW LPSURYHPHQW RQ HDUOLHU PHWKRGV WKH
ODFN RI IOH[LELOLW\ RI KDYLQJ D UHQWHG V\VWHP KLJKO\ UHVWULFWHG RXU GDWD FROOHFWLRQ
)UHTXHQW PDOIXQFWLRQV VORZ UHSDLUWXUQDURXQG WLPHV DQG WKH LQDELOLW\ WR PDNH IL[HV
RU VPDOO FKDQJHV ZLWKRXW UHWXUQLQJ WR WKH PDQXIDFWXUHU UHVXOWHG LQ PDQ\ UHFRUGLQJ
RSSRUWXQLWLHV EHLQJ ORVW RYHU WKH VXPPHU

Figure 7: Seal underneath inner cage

Figure 8: Seal inside anti-predator net system net
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Figure 9: Silhouette of seal outside fish net

3.4 System 4: Custom made camera system
6LQFH QRQH RI WKH SUHFHGLQJ V\VWHPV SURYHG LGHDO ZH FRQWDFWHG D ORFDO XQGHUZDWHU
WHFKQRORJ\ FRPSDQ\ ZLWK ZKRP ZH KDYH SUHYLRXVO\ ZRUNHG WR SURGXFH D YLGHR
PRQLWRULQJ DQG UHFRUGLQJ V\VWHP ZKLFK PHHWV RXU VSHFLILF QHHGV 7KH LQLWLDO
SURWRW\SH RI WKLV QHZ UHFRUGLQJ V\VWHP ZDV UHFHLYHG LQ 6HSWHPEHU  7KLV
V\VWHP LV EDVHG RQ D FRPPHUFLDOO\ DYDLODEOH UHFRUGHU VHOHFWHG EHFDXVH LW KDV ORZ
SRZHU FRQVXPSWLRQ DQG DQ HDVLO\ DFFHVVLEOH DQG LQWHUFKDQJHDEOH KDUG GULYH V\VWHP
,QLWLDO ILHOG WHVWV DW RQH VLWH GXULQJ RQH GD\ RQO\ VXJJHVW WKDW WKLV V\VWHP ZLOO ZRUN
YHU\ ZHOO :H KDYH PDGH D IHZ PLQRU LPSURYHPHQWV WR PDNH WKH XQLW DV D ZKROH
PRUH ZHDWKHUSURRI
7KLV V\VWHP LV PXFK PRUH LQGHSHQGHQW WKDQ SUHYLRXV PRGHOV UHTXLULQJ PLQLPDO
LQSXW IURP HLWKHU IDUP ZRUNHUV RU UHVHDUFKHUV :H KDG KRSHG WKDW RQH RU PRUH RI
WKHVH UHFRUGHUV FRXOG EH VHW XS DW D VLWH ZLWK DQ RQJRLQJ VHDO DWWDFN SUREOHP EXW DV
RI -XO\  ZH ZHUH XQDEOH WR ILQG D VLWH ZLOOLQJ WR GHSOR\ WKH V\VWHP 7KH V\VWHP
LV GHVLJQHG VR WKDW LW FDQ EH OHIW WR UXQ FRQWLQXRXVO\ IURP D 9 SRZHU VXSSO\
FKDUJHG E\ VRODU SDQHOV D ZLQG WXUELQH RU D JHQHUDWRU ,I WKH SRZHU VXSSO\ VKRXOG
IDLO IRU DQ\ UHDVRQ D ORZYROWDJH FXW RXW ZLWK K\VWHUHVLV ZLOO WXUQ WKH XQLW RII ±
SUHYHQWLQJ SRVVLEOH KDUG GULYH GDPDJH DQG ORVV RI GDWD  XQWLO D SRLQW ZKHUH HQRXJK
SRZHU LV DYDLODEOH WR UXQ WKH XQLW VDIHO\ ZKHQ LW ZLOO UHYHUW WR UHFRUGLQJ 'XULQJ RU
VKRUWO\ DIWHU DQ DWWDFN KDV EHHQ NQRZQ WR WDNH SODFH WKH KDUG GULYH FDQ EH UHPRYHG
UHSODFHG DQG VHQW IRU DQDO\VLV 7KH XQLW FDQ WKHQ EH UHVHW ZLWK DQ HPSW\ KDUG GULYH
VR QR UHFRUGLQJ GD\V DUH ORVW 7KLV WHFKQLTXH ZLOO DOVR PLQLPLVH DQDO\VLV WLPH
EHFDXVH RQO\ GDWHV ZKHUH ILVK ZHUH NQRZQ WR KDYH EHHQ ORVW ZLOO EH H[DPLQHG
'XULQJ RXU RQH VKRUW ILHOG WHVW ZH FROOHFWHG YLGHR RI ILVK LQVLGH FDJHV )LJXUH  
ZKLFK VXJJHVWV WKDW VDOPRQ URXWLQHO\ VZLP ZLWKLQ FP RI WKH QHW ,W VHHPV OLNHO\ WKDW
WKLV EHKDYLRXU FRXOG LQFUHDVH WKH ULVN RI SUHGDWLRQ 7KH EHKDYLRXU RI ILVK LQ UHODWLRQ
WR WKH FDJH QHWWLQJ LV DQRWKHU DUHD ZH KRSH ZH FDQ LQYHVWLJDWH ZLWK WKLV V\VWHP
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Figure 10: Salmon swimming within centimetres of the cage netting (System 4)

3.5 System 5: Active Acoustic Imaging
:KHQ XVLQJ YLGHR WR H[DPLQH XQGHUZDWHU LQWHUDFWLRQV WKH DYDLODELOLW\ RI OLJKW LV
FOHDUO\ D OLPLWLQJ IDFWRU 'HVSLWH PDQ\ UHFRUGLQJV EHLQJ WDNHQ DW QLJKW RQO\ D FRXSOH
RI VHDO HQFRXQWHUV ZHUH FDSWXUHG RXWVLGH RI GD\OLJKW KRXUV 1LJKWWLPH UHFRUGLQJV
VHHP WR EH SRVVLEOH RQO\ ZKHQ XVLQJ VRPH GHJUHH RI XQGHUZDWHU OLJKW KRZHYHU WKLV
FRXOG FRPSURPLVH WKH UHFRUGLQJ RI DWWDFNV DV OLJKWV ZRXOG OLNHO\ DIIHFW WKH VHDO¶V
DQG SRWHQWLDOO\ WKH ILVK¶V EHKDYLRXU 3DUWLFXODWH PDWWHU LQ WKH ZDWHU FROXPQ ZRXOG
DOVR EH OLNHO\ WR REVWUXFW WKH YLHZ RI WKH QHW VR ZKLOH FORVHXS LPDJHV RI VHDOV FRXOG
EH FROOHFWHG ZLGHU DQJOH VKRWV RI LQWHUDFWLRQV ZLWK WKH FDJH VHHP YHU\ XQOLNHO\
2QH SRVVLEOH VROXWLRQ WR WKLV SUREOHP LV WKH XVH RI KLJK GHILQLWLRQ VRQDU LQVWHDG RI
WUDGLWLRQDO YLGHR 7R WHVW WKH DSSOLFDWLRQ RI VRQDUV WR D ILVKIDUP HQYLURQPHQW D UHDO
WLPH PXOWLEHDP LPDJLQJ VRQDU Tritech Gemini ZDV GHSOR\HG IRU D GD\ IURP D :HVW
FRDVW ILVK IDUP 7KH VLWH ZDV FKRVHQ EHFDXVH WKHUH ZDV NQRZQ WR EH D KLJK
OLNHOLKRRG RI HQFRXQWHULQJ VHDOV DQG SRUSRLVHV ZLWKLQ VKRUW GLVWDQFHV RI WKH ILVK
FDJHV 7KH VRQDU ZDV IL[HG WR WKH ZDONZD\ VR WKDW LW FRXOG TXLFNO\ EH URWDWHG WR IDFH
DQ\ VHDOV VLJKWHG QHDUE\ $ YLGHR FDPHUD ZDV DOVR DWWDFKHG WR WKH WUDQVGXFHU LQ DQ
DWWHPSW WR YHULI\ DQ\ LPDJHV JDLQHG IURP WKH VRQDU DQG SKRWR ,' ZDV FRQGXFWHG LQ
RUGHU WR HVWLPDWH WKH QXPEHU RI VHDOV SUHVHQW
5HVXOWV IURP WKLV SUHOLPLQDU\ H[SHULPHQW ZHUH HQFRXUDJLQJ 6HDOV FRXOG EH GHWHFWHG
RQ WKH VRQDU VFUHHQ XS WR D UDQJH RI DURXQG P PXFK JUHDWHU WKDQ WKURXJK XVLQJ
YLGHR 6HDO WUDFNV FRXOG EH GLVFHUQHG RQ WKH VFUHHQ EHFDXVH RI WKH GLVWLQFW VL]H DQG
VSHHG RI WKH WDUJHW )LJXUH   7KLV FRXOG DOORZ WKH SRVVLELOLW\ RI XVLQJ DQ
DXWRPDWHG SURJUDP WR GHWHFW VHDOV LQ UHDO WLPH DV LV EHLQJ DWWHPSWHG HOVHZKHUH IRU
WLGDO WXUELQH LQVWDOPHQWV 8OWLPDWHO\ WKH SRWHQWLDO WR XVH VXFK D V\VWHP DV DQ
DXWRPDWHG WULJJHU IRU DQ DFRXVWLF GHWHUUHQW FRXOG GHVHUYH IXUWKHU LQYHVWLJDWLRQ
+RZHYHU WKH ODFN RI GHWDLOHG UHVROXWLRQ PD\ LPSHGH WKH XWLOLW\ RI WKLV WRRO LQ
GHWHUPLQLQJ SUHFLVH GHSUHGDWLRQ WDFWLFV
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Figure 11: Track of a seal moving away from the transducer (System 5: acoustic imaging);
Circle encloses the seal image – but note that the image is much more obvious when moving
than it is when viewed as a screen grab

:H DOVR SODFHG WKH VRQDU LQVLGH WKH ILVK FDJH EULHIO\ ZKLFK VKRZHG WKDW LQGLYLGXDO
ILVK FRXOG EH UHVROYHG )LJXUH   7KH IUHTXHQF\ RI WKH XOWUDVRQLF EHDP LV IDU WRR
KLJK WR EH GHWHFWHG E\ ILVK DQG WKH VDOPRQ VKRZHG QR UHDFWLRQ 6XFK D V\VWHP
FRXOG DOVR EH XVHG WR PRQLWRU DQG DVVHVV WKH EHKDYLRXU RI WKH ILVK ZLWKLQ WKH FDJH
DV KDV EHHQ GRQH HOVHZKHUH

Figure 12: View of individual salmon within the fish net

3.6 Conclusions
7KH DFRXVWLF V\VWHP ZH WULDOOHG GRHV VKRZ VRPH SRWHQWLDO IRU WUDFNLQJ DQLPDOV
DURXQG ILVK IDUPV DQG FRXOG EH D XVHIXO WRRO IRU H[SORULQJ WKH PRYHPHQWV RI VHDOV
DURXQG FDJHV DQG SRVVLEO\ WKH PRYHPHQWV RI ILVK DW WKH VDPH WLPH ,W FRXOG DOVR
RIIHU DQ RSWLRQ LQ WKH IXWXUH IRU GHYHORSLQJ PHWKRGV RI WULJJHULQJ DQ DQWLSUHGDWRU
UHVSRQVH ± IRU H[DPSOH IURP DQ $'' %XW DOWKRXJK WKH UDQJH RI WKH GHYLFH ZDV
JRRG UHVROXWLRQ LV SRRU DQG WKLV LV SUREDEO\ QRW D XVHIXO WRRO IRU H[DPLQLQJ GHWDLOHG
DVSHFWV RI VHDO EHKDYLRXU IRU ZKLFK YLGHR V\VWHPV DUH SUREDEO\ PXFK PRUH
HIIHFWLYH DQG SUDFWLFDO
7KURXJK WULDO DQG HUURU ZH KDYH IRXQG WKDW WKH NH\ DVSHFWV IRU D XVHIXO YLGHR WRRO LQ
WKH SUHVHQW FRQWH[W DUH



$ UHOLDEOH DQG ORQJ ODVWLQJ SRZHU VXSSO\
(DVH RI UHPRYLQJ YLGHR GDWD IRU DQDO\VLV ZLWKRXW GLVUXSWLQJ RQJRLQJ
UHFRUGLQJ
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$ PRQLWRU DWWDFKHG E\ XPELOLFDO WR HQDEOH WKH FDPHUD WR EH SRVLWLRQHG
RSWLPDOO\
5XJJHG KRXVLQJ DQG FDPHUD GHVLJQ

:H EHOLHYH WKDW WKH V\VWHP ZH KDYH GHVLJQHG DQG KDG EXLOW IXOILOV WKHVH FULWHULD 7KH
XQLW LV FRPSDFW DQG HDVLO\ WUDQVSRUWHG LV UREXVW DQG ZDWHUSURRI KDV D µKRW
VZDSSDEOH¶ KDUG GULYH JRRG FOHDU LPDJLQJ DQG D UHOLDEOH SRZHU VXSSO\ WKDW ZLOO
DOORZ WKH FDPHUD DQG UHFRUGLQJ V\VWHP WR UHVXPH RSHUDWLRQ DIWHU D SRZHU
LQWHUUXSWLRQ )LJXUHV  WR  VKRZ DVSHFWV RI WKH V\VWHP WKDW ZH KDYH GHYHORSHG
7DEOH  VKRZV VRPH RI WKH NH\ IHDWXUHV RI WKH PRQLWRULQJ V\VWHPV WKDW ZH WHVWHG
:H ZLOO RQO\ EH DEOH WR IXOO\ DVVHVV WKH XWLOLW\ RI WKH GHYLFH WKDW ZH KDYH GHYHORSHG
RQFH ZH KDYH D IRXQG D VLWH DQG D VLWH PDQDJHU ZLOOLQJ WR KDYH VXFK D GHYLFH
GHSOR\HG QH[W WR KLV FDJHV

Figure 13: the Entire four camera system and power supply fit inside a 60cm square box
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Figure 14: waterproof connectors for the four cameras and external power supply

Figure 15: In-box monitor to guide positioning each of the four cameras

Figure 16: Four external cameras for covering different parts of the cage; currently we use 30m
of cable for each camera
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1

Live feed to
surface?
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/camera
angles

1

Image
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and frame
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System
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(consumption
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Table 3: Key features of monitoring devices that we tested

No

£11,500

No

£1500

Yes

Yes

£700
per
month
£2000

Yes

£20,000

4. Aspects of Cage Structure and Deployment
“Whilst farmers had opinions and evidence about the nature of seal attacks, this was
based on observation only and was not quantifiable or objective. It appeared that
farmers did not have access to any research in regard to seal predation.” (TEP, 2010)

4.1 Introduction
Our objective in this section was to consider some of the practical aspects of cage
structure and deployment in order to better understand how seals may cause
damage to caged fish. This is an area which has been very poorly researched, as
the suggested by the above quote (TEP, 2010). An important previous study, from
which this quote is taken, was carried out by Thistle Environmental Partnership on
behalf of the Scottish Aquaculture Research Forum (SARF) in 2009-2010 (Thistle
Environmental Partnership 2010b; Thistle Environmental Partnership 2010a).
During the progress of the project, we also became aware that under the Scottish
Government (Marine Scotland’s) Initiative “A Fresh Start – the Renewable Strategic
Framework for Scottish Aquaculture”, the Improved Containment Working Group had
been established, and had recommended a Scottish Technical Standard for Fish
Farm Equipment, covering nets, pens and mooring systems. The development of
protocols and best practice guidelines for containment was subsequently funded
through SARF and a report has been published (Thistle Enviornmental Partnership
2012). This report deals with many of the technical aspects of cage design, and
makes several recommendations for further research, some of which are focused on
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seal predation. A lack of any detailed relevant research limited the possibility of
making anything other than general recommendations for controlling seal predation.
We have relied extensively on these reports to collate information on aspects of cage
system design and usage, and on measures to minimise predator damage,
augmented by our own observations. Our observations include not only those that
we have made directly on sites, but also on discussions that we have had with site
managers and with one net manufacturer. Where appropriate we have also drawn
on other published literature. In this section we aim simply to explore some of the
aspects of cage and net design that may be important in the context of seal damage,
and raise a series of questions that it would be useful to explore further.

4.2 Understanding the nature of the problem.
From the perspective of containment, seal damage is one of several factors that may
allow fish to escape. Fish farm operators are required to report escapes of fish
within 28 days of occurrence, and these reports are published by Marine Scotland on
their website7. Starting in 2002, such reports initially gave the number of fish
escaping in each incident, but since 2009 a ‘cause’ for each escape has also been
given.
Overall 1.8 million salmon have escaped into sea water since 2002, during 101
reported escape events (2002 until October 2012). The number of incidents has
averaged 9 per year, though there is a clear decline in the frequency of escapes in
recent years, since 2006 (Figure 17). An example of a predator hole is shown
below.

Figure 17: Trends in salmon escapes to sea water, reported to Marine Scotland

7

http://www.scotland.gov.uk/Topics/marine/Fish-Shellfish/18364/18692/escapeStatistics
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Figure 18: Typical predator hole in a net (photo credit: Knox Nets)

Since 2009 it is possible to determine how frequently each of five factors, including
predators, has been responsible for fish escaping. Among 23 incidents reported
from 2009 to October 2012, 5 (22%) were attributed in the government statistics to
‘predators’, while another 3 were attributed to ‘holes in the net’ of unknown cause.
The biggest factor has been bad weather, but predators (presumably mostly if not all
seals) were responsible for more than 88,000 salmon escaping over the past three
and a half years (see Figure 19).

Figure 19: Causes of salmon escapes 2009-2012

It is clear from these statistics alone that predators are an important cause of fish
loss, and unsurprisingly there are therefore several recommendations throughout
both reports by TEP (2010, 2012) that relate to seals.
In fact, the official statistics may underestimate the impact of seals. SARF project
report no 53 (TEP 2010) lists as its first objective “to identify and assess the
contributory causes of a representative number of previously reported escape
incidents in Scotland”. This was achieved by informal consultations (face to face and
by phone) and site visits. The report concluded that even the current “recording of
escapes by Government is too generalised to give understanding of the real reasons
behind different escape incidents and what should be done to prevent them”. TEP
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augmented information on the returns sent to Government with consultations to
identify both the underlying causes of fish escapes and any associated factors. This
led to a much more detailed understanding of the sorts of problems that lead to fish
escapes. For example, whereas information on the returns listed ‘human error’ as a
cause, TEP was able to further refine this into three more detailed categories: 1)
dropped fish, 2) wrong net used and 3) well boat collision. By visiting sites which
had experienced fish escapes and by speaking with operators during the period of
January to October 2009, when the Government scheme required reporting a cause
for each escape, TEP found that 6 of 14 incidents (43%) could be attributed to
predator damage, whereas only 3 incidents were recorded in the official statistics as
having been directly caused by predation during this period (21%).
TEP recommended that more attention should be given to holes in nets and how
they are caused, as this is the single most frequent cause of fish escape incidents,
with predators (seals being by far the most important) being the predominant cause
of such holes. They recommend tthat “all significant escape incidents and near
misses should be investigated in detail on-site immediately after the event. This
could be undertaken by independent companies, government officials or universities
with appropriate technical knowledge and industry experience under the auspices of
the Scottish Government Improved Containment Working Group”. Only by such
detailed investigation can the underlying causes of fish escapes and associated
factors be understood, and only by understanding the mechanisms by which
escapes have occurred can remedial practices be implemented effectively.
In exactly the same way where other sorts of damage by seals are concerned,
detailed on-site investigations are needed, for at least a representative selection of
events. So far there has been little enthusiasm for such detailed investigation. We
attempted to explore this method during the present project, but only managed to
interview two site managers in the wake of significant seal damage incidents.
Discussions at the SASWG suggested a lack of willingness to pursue this approach.
We suggest that an adequate understanding of the problem of seal predation at fish
farm sites cannot be achieved without a much more vigorous engagement by
industry in trying to understand how and why such incidents occur, along the lines
taken by TEP in exploring how escapes occur.
While the escape of salmon was the primary focus of the TEP studies that were
funded by SARF, and remains the primary focus of the Containment Group, the
issue of seal damage goes wider, and covers instances where seals bite caged
salmon through the meshes of the cage, sometimes causing holes, but more often
simply pulling or sucking parts of the fish through the meshes. It also covers the
potential scaring of fish which is both a welfare issue for the fish and a commercial
concern for the site managers if fish growth rates are affected. These concerns are
of course linked, and the two SARF funded studies consider ways to minimise seal
depredation in general, rather than ways to minimise fish escapes being caused by
seals.
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Previous studies (TEP 2010, 2012, Northridge et al 2010) have examined and
discussed some of the methods used by fish farming companies to minimise seal
depredation. These include the use of anti-predator nets, the use of seal blinds and
false or secondary cage bottoms, increased tensioning of nets, changes in net shape
and size, the use of alternative material, as well as the use of ADDs, which we
discuss later. We consider each of the net and cage related issues in turn below.

4.3 Predator nets
Predator nets are widely used in other salmon producing countries but are
uncommon in Scotland. Such nets may be of a curtain or skirt type, surrounding the
entire cage system or individual cages, from surface to seabed. Alternatively
predator nets may form a ‘box net’ with tensioned sides and a bottom that encloses
the pens as a secondary cage.
There are several problems with predator nets which have made them unpopular.
Firstly, they are difficult to install and manage and the nets themselves or their
mooring ropes pose a hazard to boats manoeuvring around the site and may
become entangled with other parts of the cage system. Secondly, they may reduce
water flow to the cages and impact on water quality. Like the netting material of the
cages themselves, predator netting may quickly become fouled, which will further
reduce the flow of oxygenated water to cages themselves, and adds an additional
burden in terms of net cleaning. Thirdly, they have a past history of entanglement of
marine wildlife, with diving birds and mammals (we have been told) frequently found
entangled in such nets. We have heard anecdotal accounts of porpoises becoming
entangled and in one extreme case of thirty seals being drowned in one incident at
one installation. Bird entanglements were most common, with cormorants, shags
and other diving seabirds being most affected.
Part of the problem with predator nets appears to be the fact that large meshed nets
have typically been used. Mostly predator nets appear to have been around 100mm
square mesh (bar) which is equivalent to around an 8 inch stretched mesh. Smaller
meshes might be less prone to entangle mammals at least, but with decreasing
mesh size comes increased drag, more fouling and less oxygenated water reaching
the fish within the enclosed cages. Smaller meshes can still entangle seabirds too.
Another problem appears to be that it is difficult to maintain the gap between the
predator net and the cage itself, especially in areas of high tidal current. Thistle
Environmental Partnership (2010) concluded that “research is required to try and
identify more effective approaches to maintaining the separation of predator nets
from cage nets, as well as making them easier to use”.
It remains unclear why salmon farmers in Chile and Canada at least, deploy predator
nets as standard practice. It is possible that they have established designs and net
management regimes that work for them, but it may also be that wildlife
entanglement is less of a concern in these countries. Thistle Environmental
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Partnership (2010) recommends that an industry representative body should make a
fact finding trip to Canada and Chile to find out how predator nets are used and how
successful they are.
Notwithstanding the above, there are also questions about the effectiveness of
predator nets. Despite their use in Canada and Chile, both those countries still have
problems with predators. Limited data collected by TEP (2010) during their in depth
investigations into the origins of fish escapes, found that among 28 incidents where
holes had been caused in cage netting, 6 such incidents had occurred on farms
where predator nets were in use (1 curtain type, 2 box type and 3 unknown type),
while 10 had occurred at sites without predator nets.
Our own work suggests that predator nets are not widely used, though some farms
do use predator nets in the Northern Isles where grey seals in particular are most
numerous. However, we have recorded seals swimming between predator netting
and the cage netting (see Figure 6 above), suggesting that these animals may
routinely be able to evade such nets as they are currently used, which may also then
pose a risk of entanglement for the animals themselves8.
Despite the evident problems with the use of predator nets, campaigning groups
continue to call for their re-implementation in Scottish fish farms9. The
Recommendation by TEP (2010) that lessons should be learned from other countries
seems sensible, at least to determine whether or not alternative net management
and deployment strategies have been developed elsewhere that may overcome
some of the problems currently associated with such nets in Scotland.

4.4 Seal blinds, false-bottomed cages and mort removals
It is often suggested that most seal attacks occur at the base of nets. We have been
informed that some attacks also occur on the cage sides, and TEP (2010) also
reported predator caused holes in nets at the sides as well as the bottom of nets. In
their report, TEP state that their data suggest that “seal attack on the base of the net
(13) is twice as likely as on the wall of the net (6 holes)”, that “two of the [reported]
holes in the side wall were at or close to the bottom of the wall in the vicinity of the
join with the base” and that “It is clear that seals attack the sides as well as the base
of the net”.
Nevertheless most holes appear in or near the base of the cage, and of course only
a minority of attacks result in actual holes. In most cases fish are bitten through the
meshes of the net. Our observations (reported below in Section 5) suggest that
most fish are bitten from underneath, again supporting the notion that most attacks
occur from the base.
8

Fifty one sea lions became entrapped in this way in a single incident in British Columbia in 2007
http://www.cbc.ca/news/canada/british-columbia/story/2007/04/20/bc-sea-lions.html
9
E.g. http://www.gaaia.org/killing-farms
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It has also been suggested to us and in several other sources, that dead salmon
lying at the bottom of the cage can and will attract seals that then learn to take fish
from through nets this way. For this reason as well as for fish welfare, the industry
Code of Good Practice requires farmers to remove morts (dead salmon) on a regular
basis. In fact there is no published research to suggest that seals are attracted by
dead salmon. TEP (2010) suggest that “Research should be undertaken into the
extent to which mortalities attract predation. Should this be considered significant,
then the mandatory use of seal blinds or the daily recovery or fish mortalities should
be required.”
Seal blinds are an area of the base of the net where thicker material is used in an
effort to conceal dead fish from seals underneath. The blind is positioned at the
lowest point of the net or around the ‘mort sock’ where dead fish will normally
accumulate. Seal blinds are typically 3m by 3m up to about 5m by 5m squares of
netting. In fact we learned that several companies have experimented with other
measures to conceal dead salmon or strengthen the base of the cages, and some
have also tried false bottoms, by installing a separate net below the base of the
cage.
False bottomed cages were found to create additional problems because a lot of
faecal matter and food got trapped between the two sets of meshes. One company
also tried simply to put two overlapping nets on the bottom of cages, but abandoned
this as impractical. Another tried at one time to use a tarpaulin with vents on the
bottom, but this caught the tide and acted like a sail, causing serious problems.
It is clear that simply blocking the base of a cage is not a simple answer to the
problem, as the base of the net needs to be permeable to allow waste material to
escape and to prevent the net being distorted by the current.
It is also clear however, that not all nets behave as intended when in place.
Tensioning the base of a net to ensure the netting is taught is not always
straightforward, and again TEP (2010) report that “there appears to be little
information available to fish farmers on the inability of weighting systems to
effectively tension the base of a standard shaped net “, one of several factors they
list as being crucial from a containment perspective.
Our own discussions with site managers during the present project included one
observation that a serious depredation event may have been initiated when a pocket
had formed in the base of a cage, into which dead fish had collected, and which had
not been noticed during regular mort removals.
Protection of the base of the cage may therefore be an important area for further
work.
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4.5 Alternative net materials
Thistle Environmental Partnership (2010) recommend that research should be
conducted into the role of the strength and construction of cages in deterring
predator attacks. In this context, TEP reported that some manufacturers claim that
high modulus polyethylene (HMPE – including Dyneema™) nets are “more resistant
to predators”. Others suggest that PVC coated nets (Aquagrid™) will also “virtually
eliminate fish loss due to attacks and escapes”. There are several other net types
(e.g. Sapphire netting from Garware, India) that have also been described as being
predator resistant. Some have steel or copper cores. Many such nets have been
deployed and tested in Scotland but without any over-arching co-ordination that we
are aware of, and without any impartial review of how they have worked. Part two of
the scottish technical standard, commissioned by SARF, is currently underway and
includes a review of background literature and available data.
Much of the discussion on new netting materials appears to focus on their increased
strength, which makes breaking the meshes much harder for a predator, and which
will therefore minimise fish loss through escapes due to holes in the net. However,
most seal damage is caused by seals biting fish through the meshes without causing
holes. The extent to which any new type of netting may inhibit such behaviour is not
clear.
HMPE netting has been trialled in Scotland under an SSPO / Scottish Government
funded project (TEP 2010), though we have been unable to find the report of this
study. The trials apparently demonstrated handling problems with HMPE net panels,
and a number of other concerns were mentioned to us. The netting used for
example was knotless and this led to slippages, while being lighter and stronger
meant that the twine diameter was thinner (an advantage from a water flow
perspective), which also made the fish more visible to predators. TEP also reported
that among their consultees it was noted that HMPE unlike nylon does not stretch
and so will break when its peak load is exceeded, and also has poor abrasion
resistance compared to nylon. So far was we know no company has adopted HMPE
netting in Scotland as yet.
Although most discussion has focused on increasing net strength to minimise
predator attacks, some thought has also been given to making nets more ‘repulsive’
– especially in the context of farming of fish that habitually chew, such as cod, which
can chew through the meshes of a mesh given enough time. An idea brought
forward at the SASWG is that such repulsive netting (perhaps impregnated with a
strong tasting substance) could be tested with seals to find a way to deter animals
from chewing on net meshes. So far this is only a suggestion for future work.
Given the number of trials that have been conducted in Scotland (and elsewhere) it
would make sense for an overview study to review the results of such trials to better
inform industry of the pros and cons of new netting materials, and specifically with
respect to seal damage.
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4.6 Net tensioning
Tensioning nets in aquaculture cages is essential to maintain net volume and
structure, especially at high tidal energy sites. Net tensioning is also widely cited as
being a critical issue in minimising seal depredation. The rationale here is that nets
that are poorly tensioned may provide the opportunity for seals to makes holes more
easily, may enable seals to deflect netting to a greater extent to grab fish within a
cage, and/or may result in loose folds of netting that trap or restrict the movements of
fish, enabling seals to grab them. In fact none of these rationales has been
demonstrated, but there is nevertheless a widespread assertion that a taught net
helps minimise seal depredation.
Within the Scottish industry there are currently two major types of fish cage in use.
Older sites in particular use rectangular or square cages, typically made with a steel
frame (typically 24-25m on each side) and each with its own mooring system.
Increasingly however, farm sites are deploying circular pens (typically 80-100m, but
up to 120m circumference) with plastic frames, and a mooring grid system, whereby
pens are attached by buoy lines to a grid system of chains or ropes that is in turn
anchored to a the seabed. The tensioning systems vary accordingly. In square steel
cages weights are suspended from downlines to which the netting is attached,
typically one or two lines at each corner and two or three along each side. The
weights resist the effects of tidal currents and are intended to maintain the cage wall
near-vertically. In circular pens the usual method of tensioning is to use a ‘sinker
tube’ or ‘weight ring’ at the base of the net. A large heavy ring maintains the circular
aspect of the base of the pen, and in so doing also helps maintain tension in the side
walls of the pen. In both cases the base of the pen tapers conically to an area where
dead fish accumulate. Often some additional weight may be added to the centre of
the base to maintain the structure of the mort collecting area.
It appears that within the Scottish industry the amount of weight used has increased
over the years. Whereas some years ago each vertical rope in a square cage might
have held a 25kg weight, these are now more typically 80kg, and sometimes as
much as 160kg may be suspended on an individual vertical rope. One of the
reasons for this has been to minimise net deformation. The meshes of a sea cage,
typically nylon with a twine diameter of perhaps 3mm and mesh size of 15mm or
25mm (depending on the size of the fish – smolts or growers respectively) results in
a great deal of drag, which in turn lifts the net upwards and so decreases the volume
of the cage and therefore increases the stocking density (see Figure 20).
One view of the consequences of this is that “salmon that are more heavily stocked
[i.e. At a higher density] are more prone to injury from seals attempting to catch fish
through the net wall ...” (Gregory & Grandin 2007) . We have found no evidence that
this assertion is true, but it is a widely held belief. Nevertheless, regardless of any
increase in stocking density with net deformation, it may well be that net
deformations as indicated in Figure 20 may introduce net irregularities or near
horizontal netting which may make taking a fish easier for a depredating seal. (If so,
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a large scale analysis of damage levels with respect to tidal/lunar cycles with more
damage expected at spring tides would be revealing).
Although it is a requirement of the Code of Good Practice for Scottish Finfish
Aquaculture that “Nets should be adequately tensioned to minimise distortion”
(5.2.5.7), TEP (2010) found that “no company [to whom they spoke] had any
knowledge about the level of tension required to prevent predator attacks or any
guidance on the optimum weight to be used” Instead, it was reported, “these issues
were approached in an experimental basis with some companies using much
heavier weights than others, both for sinker tubes and individual weights”.

Surface
Water Flow

Theoretical cage profile

Deformed
cage profile

Weights

Figure 20: Theoretical net deformation in a strong current

Very little research has been conducted in this area. One study (Lader et al. 2008)
compared the net deformation in two sites with different weight regimes and with
exposure to different current regimes in Norway and in the Faroe Islands. At one
site with square pens and with current speeds of 0.13ms-1 (0.25 knots) there was an
estimated 20% reduction in net volume, while in the other a 40% reduction in circular
pen volume was measured when current speeds reached around 0.35 ms-1 (0.68
knots). The square pens were fitted with weights of 2x600kg, 400kg and 300kg at
each corner and 2 x 125 kg weights on each of two sides and 2 x 80kg weight on
each of the other two sides. In excess of what we have been told is normal for
Scottish sites, though we have not made a systematic study of the weight systems
used at farm sites. The circular pen was fitted with a sinker tube of 1700kg. Neither
of these current speeds are particularly fast.
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Figure 21: Side panel of a square net cage displaced at peak tidal flow (Photo taken looking
o
~45 to surface)

Our observations suggest that net deformation is not uncommon at Scottish farm
sites. We have observed in at least one case one side of a cage almost horizontal at
the surface, but we are unaware of the proportion of total sites where this may occur
(see Figure 21).
TEP (2010) recommended that research should be undertaken into the ways that
nets behave in different current regimes with different weighting systems so that
advice can be given to farmers on the optimal tension required and how this might
be achieved. They further recommended that research should be directed at the
best ways to tension the base of a net.
The results of their detailed investigations of 28 fish escape incidents involving holes
in the net are summarised below (from TEP, 2010b).
Table 4: Number of predator hole incidents reported by type of weighting system used adapted from TEP (2010b)

Weighting system
Sinker tubes
Individual weights
Minimal or No weight
Unknown
Total

No of holes reported
3
15
1
9
28

These data suggest that nets with sinker tubes (i.e. Circular pens) are less likely to
be associated with predator holes than nets with individual weights. Although we do
not know what proportion of all sites use circular pens / sinker tubes overall10, these
10

Marine Harvest Scotland uses 25% steel and 75% plastic as of 2013 (Steve Bracken, MHS, personal
communication)
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are much more commonly being implemented now than square steel cages, and it is
unlikely that they represent only 1/5th of the number of square cages as the numbers
above would suggest if weighting system had no effect on the frequency of predator
holes. Furthermore, as has been stated several times already, there is not
necessarily a relationship between the number of holes found in nets and the
amount of fish damage. Nevertheless these data suggest that circular pens may be
less vulnerable to seals than square pens, and this is something that should be
investigated further with industry data on damage rates.
TEP (2010) suggest that high priority research should focus among several other
things on the level of tension required (i.e. the amount of weight per unit area of net
in relation to tidal current) to deter predators, and also on determining how much net
deflection would be expected at different sites. The latter at least is now relatively
easy to address, given advances in instrumentation. In the former case, TEP (2010)
also suggest that research is required to determine the best way to tension the base
of a net (specifically of circular pens using sinker tubes) to avoid slack areas of
netting developing. Research is underway for a SARF funded project (SARF092)
addressing these knowledge gaps including experimental trials.

4.7 Discussion and Conclusions
Our own observations and the results of SARF project numbers 54 and 73 (TEP,
2010) suggest that the issues of cage design and net use have not been well
explored. Net tensioning for example is cited as being an important tool in
addressing seal depredation (see e.g. Northridge et al; 2010), but it is clear that
there are no published data that support this assertion, and TEP (2010) found that
no company had any knowledge of the level of tension required to prevent seal
damage.
Indeed, in developing draft protocols for containment, TEP (2012- SARF 073)
identified several of these issues relating to predation as being major knowledge
gaps. In relation to the development of a Scottish Technical Standard (STS) on
containment, they concluded as follows:
It is not proposed to include specific net measures from a design and
construction perspective to protect against predation, since there is
considered to be insufficient objective evidence on which to base such
measures. Additional research is required on the way in which different
freshwater and sea water predators breach net integrity and how effective
possible defence measures might be. Whilst not essential to publishing a
STS, it is highly desirable to include predation at the earliest opportunity as it
is such an important issue in Scottish finfish farming.
Although there is knowledge on seal ‘attacks’ at sea water sites most, if not
all, appears to be anecdotal. Whilst all farmers consider that net tensioning is
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effective, there appears to be no information on how tight such tensioning
should be and whether higher net strengths (or indeed net materials) may
provide greater resistance. Questions of particular interest include:
• How do seals actually breach nets – is this from a single bite, or are
repeated bites required over a period of time?
• Are higher net strengths more resistant to seal attacks and, if so, which
are most resistant and is it possible to quantify the reduced risk?
• Do different net materials offer greater resistance to seal attacks and, if so,
which are most resistant and is it possible to quantify the reduced
risk?
• Are different net treatments more resistant to seal attacks and, if so, which
are most resistant and is it possible to quantify the reduced risk?
• Depending upon the findings to the above, are nets more vulnerable to
attack during the life of the net?
• Do seals attack nets in a coordinated action involving more than one seal
(there is anecdotal reports of such approaches)?
Almost exactly the same set of questions could be asked about the more general
question relating to seals attacking fish through the net. The issue of seals stressing
fish through their presence or by grasping fish through the net has not been explored
at all, and it is a moot point as to whether net or cage design might be a factor here
too. These factors will hopefully be addressed in the second STS project, and
amendments to the STS made as necessary.
Two further knowledge gaps identified by SARF073 (TEP, 2012) in the development
of a draft containment STS protocol relate again to the lack of knowledge about net
tensioning and what is required to deter predators (Knowledge Gap 12), and the
need for better advice on best practice use of predator nets, especially through
evaluating their effectiveness in Scotland and abroad (Knowledge gap 13).
While it is clear that more research is required to address these questions, it is also
clear that fish farm companies possess a great deal of the information that would be
required to address some of these points and to shed light on how seals cause
damage and how this might most easily be addressed. Nonetheless, we agree with
TEP (2010) who recommend (R3.3 in their report) better collection of information on
seal attack events (they refer to escape incidents, we refer to all seal attacks). TEP
suggest that “...all significant escape incidents and near misses should be
investigated on-site immediately after the event”, and we believe the same approach
should be adopted after any major seal attack or series of attacks.

40

5. Evidence derived from seal-attacked salmon
5.1 Background
The bodies of deceased salmon (known as ‘morts’) are regularly collected by fish
farm workers, allowing the examination of relatively fresh carcasses. In many cases
these carcasses retain information about the cause of death and this is particularly
true in the case of depredation events (it is thought to be quite rare for the entire fish
to be eaten). We therefore hoped that details about the nature of attacks could be
ascertained by the collection of data from these fish as well as discussion with fish
farmers.
Conversations with farm site managers, combined with photographic evidence of
seal damaged salmon seemed to imply that damage often falls into a few basic
categories (listed below). Furthermore, in at least one such category, tooth marks
are left in the abdomen of the fish which might usefully be measured in order to gain
information about the seal responsible for the damage.
In this part of the study we attempted to characterise damage types by
photographing seal-damaged fish at farm sites, and by asking site workers to collect
photographs of samples of fish on our behalf. Our objective was initially to catalogue
the damage types, but from that basis to try to make inferences about the behaviour
involved in the predatory interaction, and also to see if the observed damage might
be used to learn more about the nature of the attack such as the size or species of
seal involved. We reasoned that the upper and lower canine teeth are most likely to
be the cause of deep abdominal slashes observed on many fish, and that
furthermore there is likely to be a relationship between the inter-canine distance and
the overall size of a seal, and possibly some difference between grey seals and
harbour seals in this respect.
Our investigation of seal damaged salmon was therefore an exploration of
observations and photographs to try to make inferences about the predatory
interaction, with a view to trying to define specific measurements or observations that
might help further explain the process. We used photogrammetric images of seal
damaged fish to examine wound dimension, and for comparison with these
measurements we measured the inter-canine distance of samples of both grey and
harbour seals from museum specimens, freshly dead and live animals. Where
possible we correlated these with animal body length. A preliminary experiment was
also undertaken to examine the formation of these types of wounds and to assess
the consistency of the relationship between seal inter-canine distance and wound
size.
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5.2 Methods
5.2.1 Photography of morts
During visits to farm sites we made photographic records of fish that workers
categorised as having been damaged by seals. We used both known-size objects
such as coins to provide a means of measuring wound size, but more generally
photographed fish on a pale background beside a measurement scale. We collected
example photographs from as many types of seal damage as we could and also
provided farm workers with waterproof digital cameras, slates and rulers to
photograph seal damaged fish whenever possible. Fish deemed suitable for
measurement (Category 4 – see below) were classified as either fresh, near fresh, or
old, allowing comparison between attacks occurring at different times.
Photogrammetric measurements were taken in Adobe Photoshop, using the
measurement tool which allows a custom scale to be set based on an object of
known size.
5.2.2 Measurements of skulls
To make inferences about the size and species of seal by using measurements from
damaged fish, we needed to first understand the relationship between seal size and
inter-canine distance and whether or not some difference exists between grey and
harbour seals. Surprisingly, few suitable data were available to make this possible,
so it was necessary to collect data specifically for the purpose.
When available, we measured inter-canine distances of seal carcasses that came
through SMRU for necropsy, and also took measurements from seals in the field
during routine SMRU tagging exercises. This opportunistic sampling was not
anticipated to result in a large enough sample size for a useful analysis so we also
visited the archives of the Royal Museum of Scotland (RMS) and measured the intercanine distances of grey and harbour seals skulls collected from Scottish and
English waters.
Almost all of the skulls in the RMS had associated sex and species information, and
most also had an age at which the animal had been collected. Measurements were
taken of the length of skulls with the intention of correlating this with body length or
some more useful metric indicative of body size. However, many of the skulls had at
least one canine tooth missing and some had no associated lower jaw. Callipers
and rulers were used to measure the shortest distance between the inner lateral
surfaces of each canine, or where canines had been removed for age investigation,
from the inside of the canine alveolus. All measurements were recorded to the
nearest millimetre.
A very preliminary experiment was also conducted in order to gain an understanding
of the process of bite wound formation. Using the jaw of a cleaned and prepared
grey seal skull kept at the SMRU, we broke the skin of a large fresh salmon in
several different places. These ‘bites’ were done with the fish held at several
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different angles and positions, simulating the movement of the fish inside the net
during an attack. Photographs were taken of this fish allowing measurement by the
same photogrammetric methods as were used on fish farm sites, but the exact
measurement of the wounds were also taken with callipers so that the accuracy and
precision of the photogrammetric method may be assessed.

5.3 Results
5.3.1 Photos collected
Calibrated slates and waterproof cameras were made available to three different
sites, plus one group of fish-farm divers and one fish health manager who regularly
visit about ten different sites. Unfortunately, no images or information came back to
us through these arrangements. The reasons for this lack of cooperation were not
clear, but could be related to an absence of motivation to continue data collection
beyond our occasional site visits.
More than 400 photos of seal damaged salmon were collected from eight site visits
in total; one sight over four occasions, one sight over three occasions, and the rest
on just one occasion.
5.3.2 Categories of damage
The types of damage we have seen can broadly be classified into one of four
categories, but it is possible that there are other types of damage that we have not
yet seen.
Category 1 – At two sites, fish were found that had been entirely eaten except
the head, sometimes with a part of the spine left intact (see example in the
background of Figure 22). This is probably because the head contains the least
amount of flesh and is therefore less attractive to the seal. Both large and small fish
were found in this condition. Interestingly, these fish would be likely to have been
classified as ‘predator-’ or ‘seal kills’, despite there being little evidence to show
whether they were actually killed by the seal or simply chewed post-mortem.
Category 2 – At four sites we saw examples where the posterior half of the
fish had been cut off, leaving the anterior half intact (Figure 23). This was only seen
at sites where fish were relatively small (up to roughly 1kg). Additionally, at one site
clear evidence was seen of fish having been ‘sucked’, tail first, through the mesh of
the side netting. According to divers’ reports, these fish were sometimes left sticking
through the netting despite the back end of the fish having been eaten. Figure 23
shows a fish with this type of injury, showing the marks left from having been caught
in the mesh. This type of injury is thought to be more common when the fish are
small.
Category 3 – At two more sites, fish were seen with multiple gashes along the
flank (Figure 24). These gashes most often appeared to run dorso-ventrally, with
depth and spacing that did not seem consistent with being caused by a seal’s teeth.
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In these cases there are usually multiple parallel breaks in the skin, generally not
extending below the muscular layer. It is thought that injuries of this type are most
likely to be caused by the fore-flippers, as seals are known to use these to grip fish
whilst eating them on the surface. Again, it is not certain whether these types of
injury are caused pre- or post-mortem, but the fish would likely be recorded as
having been killed by a seal.
Category 4 – Perhaps the most common, and certainly the most recognisable
type of injury, especially amongst larger fish (greater than 1.5kg) is shown in Figure
25. Here the abdomen of the fish has apparently been bitten from below by the seal,
leaving two clear punctures in either side of the fish and usually associated with a
large chunk of missing flesh. We have seen this type of damage on at least four
sites, but it is sometimes difficult to distinguish from category 3. This type of wound
always seems to be positioned immediately behind the gill flaps at roughly the widest
part of the fish. We repeatedly heard from fish-farmers that this type of damage is
caused by the seal targeting the liver of the salmon, as this is thought to be the most
‘nutritious’ part of the fish. However, our examination of these wounds at one site
found that in many cases the liver was left intact, suggesting that either the liver was
not the sole target of the attack or that the seal had regularly missed its target. This
was the category of damage that we suspected would be most amenable to further
investigation regarding tooth spacing.

Figure 22: Type 1 Damage: Spine and head left
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Figure 23: Damage Type 2: Tail removed through meshes

Figure 24: Damage Type 3: Multiple parallel gashes - possible flipper damage
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Figure 25: Damage Type 4: Typical "belly bites" from larger salmon

5.3.2 Results from Edinburgh NMS skulls, live specimens, and heads
We examined and measured the dentition of 134 seal skulls (46 Harbour, 85 Grey
and 3 unknown) from the Royal Museum of Scotland’s collection. For grey seals, the
majority of specimens were complete with data including the sex, age and location of
the seal. These data were unfortunately unavailable from most of the harbour seal
specimens. No reliable relationship between skull length and body size has yet been
determined, and so we are unable to use these measurements to compare animal
sizes.
The dentition of thirteen live harbour seals were measured during SMRU tagging
operations in Orkney, five males and eight females. Associated length, girth and
mass measurements were also recorded for comparison. A good positive correlation
was found between body length and both upper and lower inter-canine distances
(Figure 26). Interestingly, one of the males had previously broken its lower mandible
which had reset in an unusual position, causing the inter-canine distance of its lower
jaw to be greater than that of the upper jaw. This individual was excluded from
analyses.
In addition, the dentition of seven dead grey seals were measured, four female, one
male and two unknown.
The combined data from both skulls and whole head measurements is presented in
Figure 27 divided into species to allow comparison. It is striking that the ratio of
upper to lower inter-canine distances is consistently smaller for Harbour seals across
the whole range of measurements, and that the linear relationships seem to hold
between the two groups (skulls and complete heads). However, there is also a
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degree of overlap between the two species, which obviously prohibits the drawing of
firm conclusions regarding species based solely on estimated inter-canine distances.

Figure 26: Relationship between body length and inter-canine spacing - 13 live
harbour seals

Figure 27: Upper and lower jaw inter-canine distances - live and museum
samples
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5.3.3 Measurements taken from dead salmon
Photogrammetric measurements were taken from 51 fish in all, but we limited our
analysis to 28 fish all of which came from the same net. Of these, 21 were
categorised as ‘fresh’, 3 as ‘near fresh’ and 4 as ‘old’. Measurements were taken
from both sides of each fish, with the smaller measurement being taken to represent
the lower jaw inter-canine distance. The average difference between the two
measurements was 9.3mm, much closer to the observed average difference of
7.5mm (range 4-13mm) found in complete Harbour seal heads than to the 14mm
(range 11-17mm) average difference for Grey seal heads. A scatter plot comparing
upper and lower inter-canine measurements does not appear to show any monomodal or multi-modal clustering (Figure 28) as might have been expected if one or
several animals of different sizes were responsible left consistent bite marks on the
fish. A slight bimodality is apparent when the data are clumped and viewed as
histograms (Figure 29), but the relative proportion of the two modes does not seem
to correlate between upper and lower jaw measurements (i.e. If the two modes were
caused by two different seals the relative numbers of one to the other should be
similar in both the upper and lower jaw measurements). From looking at the broad
spread of these data it seems likely either that there were a large number of seals
involved in the attack, or that there is a significant source of error somewhere in our
methodology. This error could be introduced by inaccuracies in our photogrammetric
measurement (e.g. Introduced through perspective error in photographs) or
alternatively, could be caused by some source of variability in wound formation, such
as the stretching of the salmon’s skin during or after the attack.

Figure 28: Measurements of distance between paired wounds taken from
salmon farm morts (see text).
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Figure 29: Histogram of 'bite' mark spacings on dead salmon
The results of our work using a seal jaw to puncture the skin of a dead salmon
suggest that there is some considerable variation in the width of the ‘bite’ mark left
on the salmon from a single jaw. By deforming a large salmon and breaking its skin
with the upper canines of a grey seal skull (41mm from canine tip to tip), we created
wounds varying from 43mm to 55mm due to stretching of the fish flesh after
puncture.

5.4 Discussion
This exploratory analysis obtained mixed results. The idea of collecting
photographic evidence has proven to be generally useful, as it has allowed us to
begin categorising damage types and, furthermore, to make inferences about the
aetiology of the damage that we have seen. It is clear, for example, that wounds of
categories 2 and 4 fish are inherently different and have almost certainly been
caused by very different forms of attack. It seems likely that obtaining an
understanding of the difference between these attack strategies is key to designing
effective anti-predator measures. It is also hoped that the findings of this
investigation will be informed by future results from video monitoring work described
in Section 3. For instance, we have already seen examples of animals interacting
with the side netting, and while no attacks were observed, this could be an occasion
when the seal was attempting to suck fish through the side netting, resulting in
category 2 injuries.
The techniques we have developed for taking measurements from morts may
require further work before they can be used to make useful inferences about the
number of animals involved in an attack, or the particular species involved. From our
preliminary investigations into wound formation it seems that there is a naturally high
degree of variability within the size of wounds created even by one individual seal.
This suggests that fine scale measurements taken from seal inflicted injuries may not
be reliable enough to compare with confidence against seal dentition measurements,
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especially given the overlap in distribution of the two species. Nevertheless, it still
seems likely that these measurements can be used to infer some less specific
information about the seal, such as the rough size of the seal involved. The
measurements taken from morts during this study for example, with wounds of up to
58mm, were most likely caused by a large seal. There is no strong evidence from
these measurements suggestive of more than one animal being involved in this
particular attack, but neither can we rule this possibility out.
In terms of further collection of photographic evidence, the most efficient method
would be to rely on contributions from industry but unfortunately these have not yet
been forthcoming. We had hoped that by making measurement slates and
waterproof cameras available to site workers it would be possible to make some
progress in this direction. Without assistance and encouragement from
management within the industry, fish farm workers have no practical and immediate
reason to contribute to our investigation.

6. Industry data on seal damage
6.1 Introduction
The Scottish Aquaculture Code of Good Practice11 requires farms to keep records of
dead fish (“morts”):
3.2.7 At all stages, the number of dead fish must be recorded, along with,
where possible, a record of the cause of death.
5.2.9.4. Farmers should keep records of losses to predators and use of
control systems.
Furthermore:
5.3.5.1 Fish should be inspected daily and dead or moribund fish should be
removed, minimising handling to avoid stress to the live fish within the
enclosure.
5.3.5.3 Records should be kept of each inspection, which include the number
of dead fish removed and the likely cause of death, as determined by a
competent person.
These data, if properly collated, can provide a great deal of useful information on
seal interactions with salmon at farm sites. One fish farm company supplied us with
information on the number of fish recorded as having been taken by seals at each of

11

http://www.thecodeofgoodpractice.co.uk/publish
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its sites, for each month between January 2001 and September 2011, together with
information on the biomass of fish present at the end of each of those months.
We have used these data to ask some simple questions about seal damage,
including whether or not farms closer to seal haul out sites have more damage than
those further away, whether there is any pattern to damage with respect to season or
stage of the production cycle and, whether the length of time a farm has been
operating influences the amount of damage it suffers.
6.2 Data treatment
The data were provided in excel spreadsheet table format but were reformatted for
database analysis using MS Access. Data were tabulated by site name, date, no of
fish killed by seals and biomass. We assumed that stocking began at a site
whenever a month with zero biomass present was followed by a month with some
biomass present. Production cycles typically run for about 23 months after which
there is normally one or more months with no fish present. It was clear from the data
that not all sites were in a continuous succession of production cycles and some
sites were without fish for months or years at a time.
We matched company site names to the official site names and locations (latitude
and longitude) as recorded by the Scottish Environmental Protections Agency
(SEPA). Not all company names matched SEPA names exactly. On occasion the
exact location of a site could not be determined due to differences in nomenclature
and in particular where several ‘sub-sites’ were recorded in one data set for a single
site in the other. Overall we were able to obtain accurate latitude and longitude data
for 60 of 87 sites, and therefore only used data for 60 sites where we were looking at
proximity to seal haul out sites, and where an accurate site location was needed.
Dead salmon (morts) are removed from cage pens regularly and cause of death
attributed. The number of seal predated salmon was provided by site and by month.
We used both the number of salmon killed by seals by month, and the presence or
absence of any seal depredation in a specific month in subsequent analysis: for each
site, any month when fish were present on site was regarded as a ‘stocked month’,
and any of those months in which any seal depredation was reported was treated as
a ‘depredated month’. A measure of the frequency of depredation for each site was
taken as the ratio of depredated months to stocked months. A measure of the
average intensity of depredation was taken as the total number of seal-depredated
salmon recorded at each site, divided by the number of ‘stocked months’, yielding an
intensity metric of the ‘average number of salmon taken by seals per month when
fish were present’. These two metrics were used as our response variables.
Seal numbers were taken from aerial surveys conducted by the SMRU during the
harbour seal moult (when most harbour seals are ashore) in August. During the time
period in question (2001-2011), survey data were available for all years with the
exception of 2011. Not all areas were covered every year (Table 5), but all areas
51

have been covered at least three times during this decade. Seal haul out sites are
recorded with latitude and longitude, species present and number of individuals
based on scrutiny of high definition aerial photographs.
We compared the location of each farm site with each seal haul out location and
identified the closest haul out site (straight line distance in km) to each farm site over
all surveys, as well as the average number of seals counted within 3km, 5km, 10km
and 20km radii of each farm site over those years when surveys had been done.
Distance calculations were done in Microsoft Access using custom written software
in Microsoft VBA.
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Table 5: Summary of availability of seal count aerial survey data

X
X

X
X

X

X

X

X

X

X

6.3 Overview of levels of seal depredation
Overall the data covered 87 sites over a 129 month period. Of the 11,223 site.month
data points, fish were present (stocked) through 5,248 site.months, an average
stocking rate of 47% of the study period. Of these stocked months, 2,217 (42%)
were reported to have suffered salmon depredation.
Of the 87 sites, 12 reported no losses to seals (14%), with between 3 and 73
(average=24) months of operation (i.e. Stocked months) among these sites. The
greatest frequency of attack at one site was 55 depredated months out of 62 stocked
months (89%), while the largest number of attacked months was 107 out of 123
stocked months (87%). The average frequency of attack was 0.36 across all sites
(36% of stocked months were reported with seal attacks). Among sites with
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recorded seal depredation, fish were stocked an average of 66 months during the
study period. Sites with no reported seal damage were therefore typically sites with
fewer months of operation.
In terms of intensity, the number of fish removed during a seal depredated month
ranged from 1 to over 70,000 (presumably associated with an escape incident or
some other catastrophe). The average number of fish taken in any stocked month
was 264 and during a seal depredation month was 625, but the numbers are highly
over-dispersed (variance = 4x106) with ten or fewer fish mortalities attributed to seals
in 176 of the 2217 depredated months (8%), and 100 or fewer fish killed by seals in
824/2217 (37%) of depredated months.
This is not to trivialise the scale of the problem however as nearly 1.4 million salmon
were reported killed by seals over the study period, which, assuming a value of £3.5
per kg12 at the farm gate and assuming that all those killed had reached a harvest
size of 5kg, would have been worth in excess of £25 million.

6.4 Seasonal damage levels
It is often reported that seal depredation of salmon farms is greatest in the winter.
The data support this assertion to some extent, but the stage of the production cycle
seems to be more important. Below we have plotted the frequency and intensity of
seal damage by calendar month (Figure 30 and Figure 31) and by month of the 23
month production cycle (Figure 32 and Figure 33). For the latter data we have
excluded 364 production months (7.5%) during cycles where we were unsure of the
start of the production cycle.

12

http://www.undercurrentnews.com/2012/09/10/scottish-salmon-productionboom/#.UPaBRGfDWSc
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Figure 30: Frequency of depredation - proportion of stocked months with reported depredation, by
calendar month

Figure 31: Intensity of depredation – mean number of fish per month, by calendar month

There is little evidence of any change in the frequency of attacks by calendar month
suggesting a seal depredation event is as likely in any one month as another. There
is some suggestion that fewer fish are actually removed per event or per month
during the summer, with peak number of fish removed in December, and highs
throughout autumn and winter.
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Figure 32: Frequency of depredation events by month of production cycle

Figure 33: Intensity of depredation by month of production cycle

There is a somewhat clear pattern in depredation with respect to the growing or
production cycle. The frequency of attacks is low initially, but increases steadily for
the first 7 months of the cycle, and thereafter reaches a plateau of around 45%
(depredation occurring in 45% of months: see Figure 32). In terms of intensity of
attack however, while a similar increase in rate is observed over the first 6 or 7
months, the greatest number of fish per month are lost around months 9 and 10
(Figure 33), which is usually when fish are transferred from smolt type netting
(typically 15mm mesh) to grower pens with a larger mesh size (typically 25mm).
Thereafter, intensity of depredation falls away, suggesting fish may become more
difficult to catch.
These data suggest that depredation rates are influenced by the production stage of
the cycle and possibly by calendar month too (the two are related as 60% of fish
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stocking occurs during Jan-April). The peak intensity of seal depredation occurs in
December, immediately after the grey seal breeding season, when adult animals
have been fasting. In terms of the production cycle, lowest depredation rates occur
during the first few months of the cycle and peak in intensity at the stage when fish
are transferred to larger mesh cages. It may be that larger meshes make salmon
more visible, or perhaps easy to grab. This suggests an area for further research.

6.5 Duration of production
Among the sites for which we have data and for the period we have been examining,
some sites were active for only a very short length of time (minimum of 3 months)
while others were active for much of the study period (maximum 126 months). We
investigated whether or not the duration of activity at a site might be related to levels
of seal depredation (Figure 34).

Figure 34: Site activity levels not related to frequency of attack

The data do not suggest that there is any relationship between damage levels and
the length of time a site has been operational, although most of the sites with zero
damage have been in operation for less than the average lengths of time.
Nevertheless there are plenty of sites with relatively high levels of depredation that
have been in operations for relatively few months, and vice versa.

6.6 Site location and seal proximity
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We compared both frequency and intensity of depredation at each of 60 sites for
which we had reliable geographical co-ordinates with the distance to the nearest
haul out location for each of the two seal species. Given the ubiquitous nature of
seals in Scottish coastal waters, it is not surprising that most farm sites were within
3km of the nearest seal haul out site. Indeed only one site was further than 6km
from a harbour seal haul out site, and the average distance to a harbour seal haul
out site was 1.7km. Grey seal haul outs are less numerous in the sheltered coastal
waters of the west coast, but the furthest haul out site from any fish farm was just
11.3km, and the average distance to a grey seal haul out site was 4km.
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Figure 35: Harbour seal closest haul out site (km) vs frequency of depredation by farm site
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Figure 36: Harbour seal closest haul out site (km) vs intensity of depredation by farm site
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It is clear from Figure 35 and Figure 36 that the proximity of the nearest harbour seal
haul out site has no effect on the frequency or the intensity of seal depredation.
Several sites within a few hundred metres of harbour seal haul out sites still have
relatively low levels of depredation.
The situation with grey seals is quite different.

Figure 37: Proximity of grey seal haul out site to fish farm - frequency of depredation

Figure 38: Proximity of grey seal haul out site to fish farms: intensity of depredation

For grey seal haul out sites there is a clear positive relationship between frequency
of depredation months and distance to the nearest haul out site (Figure 37: r2 0.42;
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F=40.97 and p <0.00001). Likewise, there is also a less clear but still significant
relationship between intensity of damage and distance to closest grey seal haul out
(Figure 38: r2 = 0.34; F=10.36 and p=0.002).
This is a counter-intuitive result that cannot be explained with the data currently
available. It implies that the closer the farm site is to a grey seal haul out the less
damage is likely. In order to check whether this might have been an artefact of the
data we made some further comparisons. Firstly we compared grey seal haul out
proximity to frequency of depredation after having removed any depredation month
where less than 100 fish had been killed by seals. This was to focus on depredation
that was most intense and ignore what might be ‘casual’ events. This excluded
about a third of all events, but even so the same relationship can be seen (Figure 39:
R2 =0.34; F=29.53, p=0.0001).

Figure 39: Relationship between frequency of more serious depredation events and distance to grye seal
haul out site

Rather than relying on the closest seal haul out site as an indicator of seal proximity
alone, we also investigated depredation rates in relation to a measure of seal density
in the region surrounding each farm site. We did this by comparing depredation
levels at a farm by farm level with the mean number of seals counted within 20km,
10km, 5km and 3km of each site.
For none of the harbour seal density metrics was there any discernible relationship
with either frequency or intensity of seal depredation on caged salmon. Two
examples of the 8 scatter plots for harbour seals are shown below as examples
(Figure 40 and Figure 41).
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Figure 40: Frequency of depredation in relation to average numbers of seals counted within 20km all
surveys

Figure 41: Intensity of depredation in relation to average numbers of seals counted within 5km -all
surveys

For grey seals, the situation is again different and counter-intuitive and there is again
a clear negative relationship between frequency of depredation and counts of grey
seals within 20km. This relationship cannot be seen clearly at smaller spatial scales
(10km, 5km or 3km), nor are there significant relationships with damage intensity
and grey seal counts at any spatial scale.
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Figure 42: Frequency of depredation declines with increasing numbers of grey seals within 20km

Nevertheless Figure 42 and Figure 37 suggest that closer and greater densities of
grey seals are associated with lower levels of depredation.
It is hard to interpret these findings without further data. One obvious explanation
may be that when farms are close to grey seal haul out sites, or in areas with lots of
grey seals, site managers are more assiduous in ensuring mitigation measures are
properly maintained. This would suggest that a degree of damage limitation would
be possible by more careful husbandry at other sites; but it is at this point merely
speculation. Other more intriguing possibilities relate to grey seal behaviour, and
might include ‘stranger danger’ where a disproportionate amount of the depredation
is due to seals that are not locally based but are ranging more widely.
It should be noted that all of these results depend on aerial counts in August when
depredation is low. It is likely that seal densities and local haul out locations may be
somewhat different at different times of year.
Our final spatial analysis of seal depredation at farm sites is simply a map. We have
plotted out the locations (or approximate locations) of all 87 sites for which we have
data, and have colour coded them according to frequency of seal depredation.
Those with more red circles are those with higher depredation frequencies (max 88%
of all months of operation), while orange sites have intermediate frequencies of
depredation and those progressively more green have lessening frequencies down
to zero (Figure 43).
This figure suggests that there are some clear regional differences in depredation
rates that have not been picked up in the above numerical analyses. Depredation
rates are generally low in the Outer Hebrides for example, and there are several
other areas where higher depredation frequencies seem to be clustered, notably the
north coast of Skye, Loch Sunart and Loch Linnhe. As yet we have no explanation
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as to why these regional differences may be. It is again feasible that these are due
to husbandry practices, but this is not possible to explore without either more
detailed site specific data or site interviews.

Figure 43: Map of fish farm sites considered in this analysis, colour coded by frequency of
seal depredation months. Grey circles indicate harbour seal haul out sites

To conclude this section we emphasise that the analysis of existing data can reveal
much about the process, and while we have so far been able to explain all of the
results of these analyses, they provide scope for more detailed study and raise the
possibility of further investigations into, for example, the effects of different
husbandry techniques on seal depredation levels, and the behaviour and origins of
individual seals around farm sites.

7. Acoustic Deterrent Devices – impacts on porpoises
7.1 Introduction
It is well known that Acoustic Deterrent Devices (ADDs) can have a significant
impact on cetacean distribution, and several studies have shown that harbour
porpoises in particular seem to avoid areas where ADDs are in use. Studies by
Olesiuk et al (2002), Johnston (2002) and Northridge et al (2010) have shown greatly
reduced porpoise detections within several kilometres of active ADDs. However, all
of these studies have used the same type of ADD made by a single manufacturer
(Airmar). We are aware that several other devices are in use in Scotland, made by
at least three other manufacturers, namely Ace Aquatec, Lofitech and Terecos. A
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previous study suggested that about half the sites surveyed during the study were
using Terecos devices (Northridge et al 2010) but no studies to date have examined
how cetaceans react to Ace Aquatec, Lofitech or Terecos ADDs.
Under EU and domestic legislation, the deliberate or reckless disturbance of
cetaceans (and other European Protected Species) in Scotland is prohibited. At
present Scottish Natural Heritage (SNH), as the statutory nature conservation body,
is consulted on fish farm site licence applications in Scotland. SNH policy towards
the use of ADDs used at new sites is currently based on whether or not the site is
considered important for cetaceans. However, it is still unclear whether or not the
use of ADDs more widely might be construed as the deliberate or reckless
disturbance of cetaceans, and the uncertainty seems unlikely to be clarified until the
current interpretation is challenged in court. This means that it is conceivable that
the existing permitted use of ADDs in Scotland could be challenged, perhaps leading
to more widespread restrictions on their use. Furthermore, under recently agreed
Global Standards for Salmon Aquaculture, initiated by the WWF and agreed by over
500 international stakeholders, ADDs are intended to be phased out in salmon
aquaculture within three years of the publication of the Salmon Aquaculture
Dialogue13 (SAD) by those companies that sign up to the Standards. The SAD
proscription of ADDs appears to be based on the assumption that all such deterrents
are inimical to cetacean conservation. An exception to this may be granted where
new technologies can be shown to present less risk to non-target populations.
We established a relatively simple method of measuring the impact of ADDs through
the use of passive acoustic monitoring devices (known as PODs – porpoise click
loggers) which can be deployed from temporary moorings around a farm site and left
for several weeks or longer to detect characteristic high frequency echolocation
clicks of porpoises. It is believed that porpoises make echolocation clicks much of
the time, and do so in order to locate their food. Any decline in echolocation activity
can be taken to imply a decline in porpoise activity. By positioning PODs around a
farm site where an ADD is deployed, and then switching the device on and off at
known intervals, the impact on porpoise echolocation clicks, and by inference on
their distribution, can be inferred. We have adopted this method in previous studies
of Airmar devices (Northridge et al., 2010) and have repeated the experiment on a
site at Loch Hourn where a Terecos device was deployed.

7.2 Methods
Nine C-PODs (Chelonia Ltd) were deployed in and around Loch Hourn on 26th June
2011 and retrieved on 5th September 2011. Figure 43 shows the locations of the
deployments and also the location of the Marine Harvest fish farm in the Loch. The
site manager agreed to turn the device on and off on a weekly basis. We made
13

Final Salmon Aquaculture Dialogue Standards for the Aquaculture Stewardship Council, June 13, 2012
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acoustic recording of the device at various distances on the first day of deployment
while the device was on. The device was turned off on 27th June and we
subsequently made telephone calls on a weekly basis to check the ADD status. No
serious seal interactions had been experienced at the site in the period immediately
preceding the trial, so the site manager was content to switch the ADD on and off,
but we understood that the trial would be abandoned should the need arise to turn
the device back on continuously if seal attacks became a serious issue.
The C-PODs were set on temporary moorings under contract by a local lobster trap
vessel, and were retrieved by the same vessel and transported back to St Andrews
for download and analysis.
We have compared porpoise click detections between treatments (ADD ON and
ADD OFF) as click positive minutes per day and click positive hours per day. The
number of clicks per day or per replicate is a less reliable way of quantifying
differences between treatments because clicks are highly auto-correlated. Click
positive minutes and click positive hours are both aggregate measures which reduce
the risk of auto-correlation. Click bursts are typically some seconds in duration, but
can contain a few or many thousand individual clicks. When click positive minutes
are used, some resolution is lost in the sense that the number of clicks or click trains
per minute is ignored, so that differences in click intensity between treatments are
damped down: a minute is deemed either to have contained a click train or it has not.
Autocorrelation is reduced, but may not be eliminated if click trains run over from one
minute to the next. Click positive hours lose even more resolution but are even less
likely to be auto-correlated.
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Figure 44: Map of study site, Loch Hourn, C-POD and ADD locations

Comparisons between treatments were made on a site by site basis, avoiding
making any assumptions about the comparability of C-PODs. We first divided the
data into ADD-ON days (n=31) and ADD-OFF days (n=34) and compared mean
detection positive hours per day between the treatment and control days at each
site. We expressed the difference between the two observed means as the
proportional change in the number of click positive hours during ON periods
compared with OFF periods. We used a bootstrap resampling procedure to
determine the probability of the observed results. By resampling from all 65 days
with recordings, we determined the probability that the observed differences in mean
detection rates may have occurred by chance. As we are interested in the possibility
that ADDs made lead to a reduction in porpoise activity, we adopted a one-tailed
assessment by asking how often we might expect even fewer detection positive
hours per day to have been recorded.

7.3 Results
The nine C-PODs were deployed and they collected data on click detections for 65
days; on 34 days the ADDs were off (7,7,11,7 and 2 day periods) and on 31 days
when the ADDs were on (7,7,10,7 day periods). Initial graphical plots of click
positive minutes per day and click positive hours per day did not reveal any obvious
difference in click occurrence. This is in contrast to previous similar experiments
with Airmar ADDs where the status of the ADD can clearly be seen reflected in the
number of click positive minutes per day (Northridge et al 2010).
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The average numbers of click positive hours per day ranged from 2.9-3.4 at the north
side of the entrance to Loch Hourn (LH2), to a maximum of more than 21 hours per
day on the southern edge of Loch Hourn (LH7). Detection positive hours were
slightly lower at 6 sites and slightly higher at 3 sites when the ADD was on. The
bootstrap resampling procedure allowed us to estimate the probability that the
observed detection positive hours (DPH) values would have occurred by chance,
and also provided us with a basis for generating 95% confidence limits on the
expected distribution of DPH values at each site. Table 6: Summary results from CPOD experiment in Loch Hourn) shows the results at each of the nine sites, and the
associated probability levels. Changes in the detection rates for the two treatments
ranged from a 5% increase to a 10% decrease in activity (DPH). Only at one site LH5, which was also the closest site to the ADD, was there any significant difference
in the number of DPH per day when the ADD was ON. Even there the difference
was only significant at the 10% level.

2560
3569
1215
438
301
855
1169
2865
4502

ADD ON

18.1
2.9
13.5
13.3
13.5
15.2
20.8
17.5
16.0

ADD
OFF

17.3
3.4
13.4
14.4
15.0
15.9
21.1
16.9
16.3

P value for observed
difference (1 tailed)

LH1
LH2
LH3
LH4
LH5
LH6
LH7
LH8
LH9

Detection Positive
Hours per Day
Observed
Proportional
Difference

Mooring location

Distance to ADD (m)

Table 6: Summary results from C-POD experiment in Loch Hourn

0.050
-0.125
0.012
-0.074
-0.099
-0.043
-0.015
0.034
-0.016

0.85
0.14
0.56
0.14
0.08*
0.21
0.30
0.76
0.37
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Figure 45: Differences in porpoise activity between periods of ADD activity and inactivity with distance
from the sound source

Although there was little evidence of any reduction in porpoise activity associated
with the Terecos ADD being ON, it is noteworthy that the sites where porpoise
activity was reduced during ADD-ON periods were generally those closest to the
device.
Indeed, as can be seen in Figure 45: Differences in porpoise activity between
periods of ADD activity and inactivity with distance from the sound source) there is
also a trend in the observed differences, with a reduction in DPH by 9.9% at 300m,
then 7.4% at 438m, 4.3% at 855 and then 1.4% at 1169m.

7.4 Discussion
These data suggest a weak or minimal response by porpoises to the sounds
generated by the Terecos device, but a response that nevertheless is proportional to
distance from the device, out to around 1.2km from the site. It may or may not be
significant that the other three sites closest to the ADD (LH1, LH3, LH8) but beyond
1.2km all had slightly elevated click detection rates when the device was on. Though
far from conclusive, this suggests the possibility of displacement of animals slightly
further away from the device when it was on.
It is also worth noting that the mean number of click positive hours per day inside
Loch Hourn ranged from 13 to 21 – indicating a high frequency of occurrence of
porpoises, whereas at site LH2, outside the Loch and 3.5 km from the ADD,
detection levels were much lower (3.4 click positive hours per day when the device
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was off), so a small change in the number of click-trains picked up here represents a
proportionally large difference.
This is to our knowledge the first time the reactions of porpoises have been studied
in relation to any ADD other than an Airmar, and the results are strikingly different.
We are reluctant to conclude that Terecos devices have no significant effect on
porpoise distribution or activity based on this single set of results. Further tests at
this or other sites using Terecos ADDs would help to ascertain the extent to which
these results can be generalised.
Although we measured the received levels of the signal produced by the Terecos
ADD at several sites around the Loch with the aim of producing a sounds field map,
our calibrated hydrophone proved to be mal-functional when we came to analyse the
data, and we have not had the opportunity to make new recordings, though clearly
this could help to explain the reaction of porpoises in Loch Hourn to the active
device.

8. Acoustic Deterrent Devices – field measurement of source
levels
8.1 Introduction
Acoustic Deterrent Devices (ADDs) are one of the primary tools used in Scottish
salmon aquaculture to minimise seal damage. Northridge et al (2010) found that
among 81 sites that were the subject of interview questionnaires, 40 used ADDs
(49%). As noted in Section 4, few sites use predator nets, and after net tensioning
and mort removals, ADDs are probably the main method used to limit seal
depredation. Given this, it is perhaps surprising in the light of the reported damage
levels described in Section 6 (86% of sites report some level of seal depredation and
42% of months of fish production suffering losses with an average loss of 264 fish
per month of operation) that more than half of sampled sites did not use ADDs. A
large proportion of sites must therefore rely on alternative anti-predator strategies.
The effectiveness of these devices has long been questioned and despite two
published studies of the effectiveness of ADDs in deterring seals from a wild salmon
netting station and from the lower reaches of a salmon river (Fjalling et al. 2006;
Graham et al. 2009), no study has demonstrated the effectiveness or otherwise of
ADDs used at salmon/fish farms. Indeed there is controversy over the use of such
devices in relation to cetaceans (described in Section 7). The only published data
that we are aware of, are provided by TEP (2010b) in a report on containment to the
SARF, where it is reported that among 28 fish escape incidents that had been
caused by predators, 9 occurred at sites using ADDs, 12 at sites not using ADDs
while the availability of ADDs at the remaining 7 sites was unknown. The authors
noted, however, that “since ADD may be switched off, it should be noted that this ...
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Does not confirm that ADD was actually in use at the time of the incident. It is
anyway clear that ADDs do not work all the time. Northridge et al (2010) reported on
the basis of site interview that: “there was much equivocation about the
effectiveness of ADDs. Most people that used them reckoned that they reduced seal
attacks without eliminating them, and at 15/20 sites they were judged overall to have
some preventative effect, and not at 5”. Likewise TEP (2010) reported that “many
consultees commented that ADD appeared effective to start with and then seal
became used to them”.
Northridge et al. (2010) also reported that ADDs are not always switched on or
deployed when available. At 16 of 40 sites ADDs were used continuously, while at
12 sites they were only switched on when the fish reached a certain size, at 4 sites
they were used only when seals showed an apparent interest in the cages. At 21 of
these sites ADDs were used when seal damage began to be a problem. None of
this makes it easy to make a simple comparison between sites using ADDs and
those not using them.
A further concern is that even when ADDs are actually deployed and switched on, it
is not always certain that they are functioning as intended. One of the problems here
is that there are no industry standards to determine the proper functioning of an ADD
transducer, and all models produce their own idiosyncratic acoustic signals. As
much of the sound energy being produced is at or above the limits of human hearing,
specialist equipment is needed to ensure that the acoustic output is as intended.
Furthermore, there is very limited information on the acoustic signals that each
model produces.
During the course of the project we measured the source levels of several ADDs.
Some of these measurements were opportunistic in order to better quantify the
acoustic signature of specific models, but in one case measurements were made
specifically to check whether any transducers at a particular site might have been
malfunctioning. In this case, we consulted the manager of a farm site that had been
experiencing severe levels of seal depredation, and were informed that the site had
been using an Airmar ADD throughout the period of seal depredation, but that when
the system was replaced with a new one, the problem had ceased. This suggested
some malfunction of the original system, which appeared (or sounded) to the site
manager to be working normally. The original system had been moved to a nearby
site that had previously been without an ADD and we therefore made field
measurements of the source levels of each of the 8 transducers of this system.

8.2 Testing a System that had not been effective in deterring seals.
Measurements were made at two sister sites each consisting of 8 square steel cages
surrounded by a substantial walkway. Each site hosted 8 transducers, and 2 Airmar
control units, such that each controlled 4 transducers. We hauled each transducer to
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within 1 meter of the surface of the water using its deployment rope, and then
lowered a Reson TC4032 hydrophone linked via a pre-amp to a Lenovo laptop
computer, to the same depth at a distance of 5m along the walkway. We recorded
each transducer for at least one minute to capture several transmissions.
We selected at least 4 clear transmissions of the closest ADD from each recording
using acoustic analysis software (Raven: Cornell Lab of Ornithology) and calculated
various parameters including average power. Source levels were back calculated
from 5m range.
In general our predicted source levels were somewhat lower than those reported by
Lepper et al. (2004), though this may be due to different methodologies. We have
focused on the frequency spectra and relative differences in source levels among the
16 measured transducers.
Transducers 1-4 were transmitting with a peak frequency of about 7kHz, while
transducer 5 was totally non-functional. All of these transducers belonged to the
system associated with the seal depredation incidents. Transducers 1-4 were all
driven from the same control unit. All of the units in the second system (transducers
9-16) as well as numbers 6-8 on the first system, where transmitting with a peak
frequency of close to 10 kHz (9750Hz) as has previously been reported for this
model. With regard to amplitude, in general all of the ‘10kHz’ transducers had a
higher output than the ‘7kHz’ units, with some overlap (Figure 46).

Figure 46: Measurements of individual pulses from 15 transducers: source level against
dominant frequency

The mean output of the 7kHz transducers, at 180.4dB, was 5dB lower than the
10kHz transducers 185.4 dB. This is a substantial difference in power, and would
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equate to a 1.8 times difference in the effective range for a device for which acoustic
power was the effective metric.
Overall, there was quite a high variability in source levels between transducers with
mean values ranging from 176 to 187 dB (11 dB) equating to a 3.5 times difference
in effective range (Figure 47 and Figure 48).

Figure 47: Mean transducer output against frequency

Figure 48: Mean and standard deviation of source levels for 15 different transducers (no 5 was mute)
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The source levels that we recorded seemed lower than previously reported, but this
should be considered a preliminary finding and may have been due to the sensitivity
of the hydrophone that we used having drifted since a previous calibration. More
important are the evident relative differences in the output characteristics of the 16
units we measured. Specifically, one group of transducers was transmitting at a
frequency quite different from that specified, and these generally had lower power
output than the others. These transducers were also associated with a series of
serious seal attacks.
If farms are to rely on ADDs for predator management it is important that their sound
output characteristics (and perhaps even sound fields) are measured after
deployment and regularly thereafter. To this end a simple acoustic level measuring
instrument has been developed using off the shelf components, and a prototype
being tested at one farm site to monitor relative output levels over time, and check
for any gradual (or sudden) changes in power output from each of the transducers.

8.3 Field measurements of four other Commercial Acoustic Deterrents
8.3.1 Methods
Recordings of four commercially available acoustic deterrents were made during two
separate field trips. On both occasions recordings were made from the platform of
an active fish-farm: firstly, on the 8th of November 2012 at the Marine Harvest
Salmon farm on Loch Leven, West Scotland and secondly, on the 21st of November
2012 at a site owned by another operator in Loch Carron. The former consists of
around twelve square nets with wide steel walkways, and the latter around sixteen
large circular nets (approx. 100m in circumference). Both are situated in at least
25m of water, and are approximately 300m from the shore. The use of fish-farms as
platforms for recording was convenient because they provide a fixed and stable
platform above deep water with obstructions beyond the depth of the walkway (<1m).
On the downside they can be quite noisy places and we occasionally needed to wait
for work boats to pass by before continuing a recording.
Our objective here was to examine the acoustic characteristics of a variety of ADDs
and compare our findings with those of Lepper et al. (2004) who described an Airmar
dB Plus II, an Ace Aquatec Silent Scrammer and a Terecos DSMS-4.
Recordings were made using a calibrated B&K 8103 hydrophone, through a B&K
2635 charge amplifier, a national instruments digitiser with 1 MHz sample rate and
an IBM Thinkpad laptop using the open source software ‘PAMGuard’. The full
sample rate of the digitiser was used in order to detect the upper extent of high
frequency harmonics, which to our knowledge have not been described elsewhere.
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Measurements were taken using audio software ‘Raven Pro 1.4’ after applying
bandstop filters in ‘Adobe Audition’. A high-pass filter at 500Hz was used to remove
low frequency noise from all recordings, and low-pass filters were set above the
highest frequency component of the device in order to remove excess high
frequency and electrical noise bands. Sound pressure levels quoted here are
intended to be taken as relative values only, as until the equipment has been fully
calibrated it is impossible to compare quantitatively with other studies.
A Terecos DSMS-4 was available to test on the first occasion, with two transducers
operating from one control unit. The two transducers were situated approximately
50m apart and could not be activated independently. However, the signals from the
different transducers can be discerned in post-processing by examining the relative
amplitudes – the nearer one being significantly greater.

Figure 50: Terecos Transducer No 1 before defouling Figure 49: Terecos Transducer No1 after defouling

Observations during recording confirm that the two transducers seemed to be ‘out of
phase’ at least for a part of the recordings. The housings of these transducers were
found to be very heavily fouled with colonial ascidians and bivalve molluscs (Figure
50) so we took the opportunity to test for a difference in sound output level due to the
growth by cleaning the transducer (Figure 49).
Measurements were taken from three different on periods for each device, each
transducer and in the case of the Terecos, each fouling condition (fouled and
unfouled). This allowed average sound pressure levels to be calculated, and the
level of variability to be examined.

8.3.2 Results
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The first Terecos transducer (fouled) had an average Peak Sound Pressure Level
(SPL) measurement of 177 dB (all dB measurements quoted here are reference to
1uPa at 1m – as is standard for underwater noise), however this varied from 173 dB
to 179dB across the three emissions examined. After defouling this transducer
seemed to emit a more consistent, and slightly louder noise level, averaging 178 dB,
range 178 to 179 dB. The second transducer was equally fouled, and for logistic
reasons could not be cleaned. SPL for this transducer was in line with the defouled
transducer, averaging 179 dB, range 178 – 180 dB. Spectral characteristics for this
were very similar to those described by Lepper et al. (2004), with a complex series of
tones of varying frequency but peak energy at around 7.5 kHz (though sometimes
ranging up to 15 kHz). These pulses apparently consist of two distinct signal types
(Figure 52) combined to produce bursts of one to two seconds. Harmonic
frequencies can be seen above the ambient noise level up to c. 65 kHz.

Figure 51: Terecos Transducer no 2 spectrogram

Figure 52: Lofitech output spectrogram over c. 20 s

We also had the use of a Lofitech Seal Scarer, which we were told had been
modified to output an especially short duration sound pulse (as used by Fjalling et al.
74

2006). This had an average peak SPL of 189 dB with peak energy at 15 kHz and
visible harmonics up to 150 kHz (Figure 53). The device outputs 500 ms bursts at
apparently random intervals, but averaging around 10 per minute.
A 24V Ferranti-Thompson/Ace-Aquatec device on loan from Ecologic UK was also
tested, which had an average peak SPL of 187 dB (range 186 – 187 dB). This
device also seems to emit a complex array of short tones (around 5 ms) between 7
and 50 kHz (peak at 25 kHz), with harmonics up to 100 kHz (Figure 54). These
tones are emitted in bursts of around 24 seconds in length.

Figure 53: 24V Ace-Aquatec spectrogram

Figure 54: Ace-Aquatec US3 spectrogram

On the second date we made recordings of an Ace-Aquatec US3 and found a
consistent source level of 185 dB. Interestingly, the signal type for this device was
quite different from the other Ace-Aquatec device. This newer model still has tonal
noises of around 5 ms, but these are concentrated in the 12 – 22 kHz noise band
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with a little noise at higher frequencies (though not harmonic) up to 65 kHz. Bursts
of these tones last for 1.6 s, but there is also a very short, low energy signal in the
same frequency range which precedes each burst by around 0.5 s (Figure 54).

Table 7: Summary of ADD acoustic properties as measured

Device

Peak frequency
(kHz)

Average Peak SPL
(dB)

Range (dB)

Terecos DSMS-4
Ace-Aquatec 24v
Lofitech Seal Scarer
Ace-Aquatec US3

7.5
25
15
12

178
187
189
185

173 – 180
186 – 187
188 – 189
185 – 186

8.4 Discussion
The fact that four of the 16 Airmar transducers tested were producing a very different
signal from the remaining devices highlights the fact that it is very difficult for farm
site managers to know what the acoustic properties are of the devices they are
using. Changes due to malfunction or gradual deterioration are very difficult to
detect without adequate equipment.
Testing of other devices also suggests that variability in the noise level outputs are in
fact commonplace. This makes it difficult to judge or predict the potential effect on
either seals or cetaceans.
The fouling on the Terecos transducers seems to have little effect on the relative
output levels. The second transducer did seem to have a slightly higher output
power level than the first, despite being heavily fouled. This is interesting as
biogenic fouling has been put forward as one of the possible reasons for occasional
inefficacy of a device. The regular maintenance of transducers is an extra source of
expense to a fish-farm company, but here we can see little evidence that it is likely to
have an effect on the efficacy of the device (though this would warrant further
investigation before any recommendations about transducer cleaning frequency
could be made).
All of the devices tested here had high frequency (ultrasonic) components to the
sound signal, which are more likely to affect cetaceans, but only the Lofitech device
could be seen to exceed ambient noise levels above 100 kHz. One particular
harmonic band from the Lofitech sits at approximately 120 kHz, in the same
frequency band as the echolocation clicks of the harbour porpoise raising the
potential for masking of echolocation/communication behaviour. The Lofitech was
also the loudest device with an average source level of 189 dB.
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The difference between the two Ace-Aquatec signals is interesting from a biological
perspective, as the more recently marketed device has a very similar source level,
but the energy is much more concentrated into the most sensitive area of Pinniped
hearing. The short, low-energy noise which precedes the main signal is also
interesting as it could be there to act as a conditioning stimulus – though the 0.5 s
gap does not allow much time for a seal to react. We have seen no evidence from
the manufacturer that this is the intention, but would be interested to hear if that were
the case.
We suggest that more widespread testing of the acoustic output of these and other
types of device should be undertaken, because it is clear that there is considerable
variability in the acoustic signals that are being used at different sites.
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