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Preface
This work has been done at Faroe Marine Research Institute in Tórshavn, Faroe Islands and is the basis
IRUWKHGLVVHUWDWLRQIRUWKHGHJUHHRISKLORVRSKLDHGRFWRU 3K' LQPDULQHELRORJ\DWWKH8QLYHUVLW\RIWKH
)DURH,VODQGVZKHUHDOVRWKHPDMRULW\RIWKH3K'FRXUVHVKDYHEHHQWDNHQ
7KH ¿UVW SDUW RI WKLV WKHVLV LV D OLVW RI WKH SDSHUV ZLWK D VKRUW VXPPDU\ 3DSHU , LV SXEOLVKHG LQ D
peer-reviewed journal. Paper II and III are submitted to peer-reviewed journals and the remaining three
SDSHUVDUHPDQXVFULSWV3DSHU9ZDVRULJLQDOO\SUHVHQWHGDWDQ,&(6FRQIHUHQFHGXULQJWKH¿UVW\HDURI
the project, and is included because the conclusions were more like questions, which have driven the work
ahead since.
,QWKHQH[WSDUWDQLQWURGXFWLRQLVJLYHQWRSURYLGHDEDFNJURXQGFRQVLVWLQJRIH[LVWLQJNQRZOHGJHRQ
VDLWKHLQ)DURHVHZDWHUVDQGDOVRPRUHJHQHUDOO\DQGDEULHIRYHUYLHZRYHUWKH)DURHVHPDULQHHFRV\VWHP
DQGWRH[SODLQWKHREMHFWLYHVRIWKHVWXG\$IWHUWKDWIROORZVDVKRUWSUHVHQWDWLRQRIWKHGDWDVHWVRQZKLFK
WKHUHVXOWVRIWKHSURMHFWDUHEDVHG7KHUHVXOWVDQGGLVFXVVLRQKDYHEHHQPHUJHG7RVRPHH[WHQWWKH\
IROORZGLVWLQFWSDSHUVEXWZKHUHWKHPHVRYHUODSWKH\DUHGLVFXVVHG,QWKHHQGRIWKHGLVFXVVLRQWKHUHLV
DVHFWLRQWKDWGLVFXVVHVVRPHRIWKH¿QGLQJVLQUHODWLRQWRPDQDJHPHQWRIVDLWKH)LQDOO\WKHUHDUHWZR
VHFWLRQVZLWKWKHPDLQ¿QGLQJVRIWKH3K'SURMHFWDQGSURSRVHGIXWXUHUHVHDUFK
$IWHUWKDW3DSHUV,9,IROORZ
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Føroyskur samandráttur
(Faroese summary)
8SVL YHUèXU ¿VNDèXU YtèD XP t 1RUèXUDWODQWVKDYLQXP RJ KHU YLè )¡UR\DU KHYXU XSVLQ VHLQQX iULQL
landsbúskaparliga havt minst líka stóran týdning sum toskurin, sum annars søguliga hevur verið tann
ERWQ¿VNXULQVXPKHYXUKDYWVW¡UVWWêGQLQJI\ULI¡UR\LQJDUÈUOLJXODQGLQJDUQDUDYXSVDKDYDOLJLèPLOOXP
20 og 60 túsund tons síðstu hálvu øldina, og sveiggini í landingum spegla í stóran mun, at upsastovnsstøddin
HUVNLIWDQGL6tèDQVHNVWLiULQLKHYXU+DYVWRYDQJM¡UWVWRYQVPHWLQJDUDYXSVDRJtKHVXPWtèDUVNHLèLHU
stovnsstøddin vaksin og minkað í trimum tíðarskeiðum, sum vara eini 20 ár hvørt. Seinnu árini hevur nógv
YHULèJUDQVNDètVDPEDQGLQXPPLOOXPXPKY¡UYLRJ¿VNDVWRYQDURJWLOG¡PLVKHYXUYHULèiYtVWDWJUyèXULQ
iLQQDUX¡NMXQXPi/DQGJUXQQLQXPVWêULUE èLWLOJRQJGRJY¡NVWULKMiWRVNLRJKêVX(LVLQLHUIXQQLè~W
DYDWVYDUWNMDIWDVWRYQXULQtVWyUDQPXQYHUèXUiYLUNDèXUDYI\VLVNXPEUR\WLQJXPtKDYVWUH\PXQXPNULQJ
RNNXP±WDQQVRQHYQGLVXESRODULPHOGXULQ
8SVDVWRYQVVW¡GGLQYtVLUHLWWWtèDUP\QVWXUVXPOtNLVWQyJYJRQJGLQLtVXESRODUDPHOGULQXPRJKHQGD
YHUN WODQYDUèVHWWtJRQJGWLOWHVVDWNDQQDXPYLWNXQQX¿QQDQ¡NXUVDPERQGPLOOXPI\VLVNDXPKY¡UYLè
RJOtYIU¡èLQDKMiXSVDXQGLU)¡UR\XP
Høvuðsúrslit
8SVL JêWLU t IHEUXDUPDUWV PiQDèL H\VWDQI\UL 9¡NVWXULQ I\UL NYHQQ RJ NDOO¿VNDU OtNLVW QyJY PHQ
NYHQQ¿VNDUN\QVE~QDVWHLWWiUVHLQQLHQQNDOO¿VNDU+HOYWLQDYNYHQQ¿VNXQXPHUN\QVE~JYLQWiXSVLQHU
XPiUDDOGXU7iHUXNYHQQ¿VNDUQDUXPFPWLOORQJGDU+¡YXèVI¡èLQKMiI¡UR\VNXPXSVDHUVYDUWNMDIWXU
hvítingsbróðir, krill og nebbasild. Fyri ungan upsa eru hvítingsbróðir, nebbasild og krill týdningarmest,
PHèDQVYDUWNMDIWXULQI UVW¡UULWêGQLQJVXPXSVLQYHNVXURJÀ\WXUORQJUL~Wi/DQGJUXQQLQ
Tilgongdin av trý ára gomlum upsa til stovnin er knýtt at gróðrinum inni á Landgrunninum, men
VWHUNDUL VDPEDQG YDUè IXQQLè PLOOXP XSVDWLOJRQJG RJ Q¡JGLQD DYQHEEDVLOGD RJ KYtWLQJVEUyèXU\QJOL t
junimánaði í árunum undan tilgongdini, tvs tá seiðurin var 1-2 ára gamal. Hinvegin var eisini eitt veikt
VDPEDQG IXQQLè PLOOXP WLOJRQJG RJ KHLWDUL XPVW¡èXU t \WUX ¡NMXQXP i /DQGJUXQQLQXP Wi VXESRODUL
PHOGXULQHUOtWLOÈEHQGLQJDUHUXXPDWHLQMDYQYiJiI¡UR\VNDODQGJUXQQLQXPHUEUR\WWVtèDQPLWWtIDUQX
¡OGÈèUHQQYyUXWRVNDRJKêVXVWRYQDUQLUOXWIDOVOLJDQyJYVW¡UULVDPDQERULèYLèXSVDVWRYQLQRJ
QHEEDVLOGYDUWiWêèDQGLSDUWXUDYI¡èLQLKMiWRVNL¡OOiULQL6HLQQXiULQLHUXSVDVWRYQXULQYRUèLQY OVW¡UUL
RJQHEEDVLOGHUQ~HLQDQVYDQOLJWRVNDI¡èLIiiUiUDè6DPODèDQiWW~UOLJDIUDPOHLèVODQDYWRVNLKêVXRJ
XSVDW\NLVWWyI\OJMDY OJUyèULQXPVXPHUiWHLPXPLQQDUX¡NMXQXPi/DQGJUXQQLQXP+HWWDEHQGLUi
at sambandið millum tilgongd hjá upsa og subpolara meldurin (umstøður á ytru leiðum á Landgrunninum)
LNNLHUYHUXOLJWRJDWJUyèXULQtLQQDUX¡NMXQXPi/DQGJUXQQLQXPKHYXUVW¡UULWêGQLQJI\ULWLOJRQJGLQD
hjá upsa.
6DPVWXQGLVVXPXSVDVWRYQXULQHUVNLIWDQGLtVW¡GGVRYHUDHLQVW¡NX¿VNDUQLUVP UULWiXSVDVWRYQXULQ
HUVWyUXU*UHLèDUiEHQGLQJDUHUXXPDWWDODQHUXPW WWOHLNDWHQJGDQY¡NVWXUVHUOLJDI\ULiUDJDPODQ
XSVDVROHLèLVDWWDOLèDYXSVDHUDYJHUDQGLI\ULKYXVVXVWyULUHLQVW¡NX¿VNDUQLUYHUèD)\ULHOVWD¿VNLQYDU
vøksturin tó óávirkaður av stovnsstødd.
8SVL HU IHUèDQGL ¿VNXU PHQ PHUNLQJDUUR\QGLU DY XSVD t H\VWDUD SDUWL DY 1RUèXUDWODQWVKDYL YtVD DW
PXQXUHUiIHUèLQJLQLKMiXSVDtNDQQLQJDU¡NMXQXP7GYHUèXUVHUDOtWLO~WIHUèLQJIXQQLQ~UtVOHQGVNXP
¡NL PLQQLHQQ PHèDQHLQLDYYDNVQDI¡UR\VNDXSVDQXPYHUèD¿QJLQDIWXUXWWDQI\ULI¡UR\VNW¡NL
±VW¡UULSDUWXULQttVOHQGVNXPVMyJYL9DNVLQXSVLPHUNWXUt1RUHJLYDUèDIWXU¿QJLQXWWDQI\ULHXURSHLVND
ODQGJUXQQLQtDYI¡UXQXP8SVLIHUèDVWORQJULM~VW¡UULKDQQHUXSSWLOHLQDVW¡GGiXPOHLèFPWi
XSVLQHUVW¡UULHQQFPKHOGXUIHUèLQJLQV UiVDPDVW¡èL
7i XSVL HU  iUD JDPDO E\UMD VW¡UVWX XSVDUQLU t KY¡UMXP DOGXUVEyONL HLWW iUOLJW IHUèLQJDUP\QVWXU
Ë JêWLQJDUWtèLQL ¿QQDVW DOOLU VW¡GGDUEyONDU VDPDQ PHQ PyWL VXPUL I NNDVW VW¡UVWX ¿VNDUQLU t KHVXP
DOGXUVEyONXP/RQJGLQKDUKHQGDIUiIHUèLQJE\UMDUDWVtJJMDVWVYDUDUWLOORQJGLQDWiXSVLQE\UMDUDWYHUèD
N\QVE~JYLQ RJ Wt NDQQ KXJVDVW DW KHU HU WDODQ XP HLQD iUOLJD IHUèLQJ PLOOXP JêWLQJDU¡NL XP YHWXULQ
IX

RJ I¡èL¡NL XP VXPPDULè +HVDU QLèXUVW¡èXUQDU XP iUOLJD IHUèLQJ VXP HUX JUXQGDèDU i EUR\WLQJDU t
longdarbýtunum, verða stuðlaðar av gomlum merkingarroyndum. Merkingarroyndirnar vísa, at upsi, sum
HUPHUNWXUi/DQGJUXQQLQXPRIWDYHUèXUDIWXU¿QJLQtËVODQGLXPVXPPDULèPHèDQEDUDIiLU¿VNDUYHUèD
DIWXU¿QJQLUtËVODQGLtJêWLQJDUWtèLQL
(LWW PRGHOO YDU UR\QW WLO DW JHUD HLQD VWRYQVPHWLQJ DY XSVD VXP WyN DWOLW WLO IHUèLQJ YDQOLJDU
VWRYQVPHWLQJDUWDNDLNNLDWOLWWLOIHUèLQJ 6WRYQVPHWLQJLQYtVWLDWJRQJGLQtVWRYQVVW¡GGLQLRJ¿VNLGH\èDQXP
IUiYDQOLJXVWRYQVPHWLQJXQXPQH\YDQiYLUNDVWQyJYDYIHUèLQJPHQDWQ¡JGLUQDURJ¿VNLWUêVWLèWyYHUèD
undirmett nakað.
Niðurstøður
Betraðu umstøðurnar, sum eru í okkara øki, tá subpolari meldurin viknar, vóru upprunaliga væntaðar at
YHUDDWYROGLQWLODWXSVDVWRYQXULQ¡NLVWM~VWWi6XPYHUN WODQLQHUOLèLQKDYDYLWLNNLIXQQLèQyJYDQVWXèXO
WLOKHVDK\SRWHVX±WyVR¡NWXQ¡JGLUQDUDYVYDUWNMDIWLWiPHOGXULQHUYHLNXUHUXYDNVQDXSVDQXPWLOJDJQV
7DèHUKHOGXUJUyèXULQtLQQDUX¡NMXQXPi/DQGJUXQQLQXPVXPKHYXUVW¡UVWXiYLUNDQiI¡UR\VNDXSVDQ7i
JUyèXULQHUJyèXU¡NLVWWLOJRQJGLQWLOXSVDVWRYQLQ7iVWRYQXULQVR¡NLVWYDNVDHLQVW¡NX¿VNDUQLUVHLQQL
RJ KHWWD iYLUNDU DIWXU IHUèLQJDUP\QVWULè7y DW YLW HQQ LNNL NHQQD VPiOXWLUQDU WêèLU QyJY VROHLèLV i DW
VNLIWDQGLYHèXUODJJM¡JQXPJUyèXUKHYXUVWyUDiYLUNDQiI¡UR\VNDXSVDQ
(LVLQLHUVWDèIHVWHLQPXQDQGLIHUèLQJKMiVWyUXPXSVD~UI¡UR\VNXP¡NL+HQGDIHUèLQJNROOYHOWLUWy
LNNLQLèXUVW¡èXUQDUIUiYDQOLJXVWRYQVPHWLQJXQXPKDUWDèLNNLYHUèXUURNQDèYLèQDNUDULIHUèLQJ
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Papers

 /LVWRISDSHUV
,

+RPUXP ( t +DQVHQ % 6WHLQJUXQG 3 DQG +iW~Q +   *URZWK PDWXUDWLRQ GLHW DQG
GLVWULEXWLRQRIVDLWKH Pollachius virens) in Faroese waters (NE Atlantic), Marine Biology Research,
8:3, 246-254.

,,

+RPUXP ( t +DQVHQ % -yQVVRQ 6 ë 0LFKDOVHQ . 5LJKWRQ ' 6WHLQJUXQG 3 -DNREVHQ
70RXULWVHQ5+iW~Q+$UPDQQVVRQ+DQG-RHQVHQ-6 VXEPLWWHG 0LJUDWLRQRIVDLWKH
(Pollachius virens LQWKH1RUWKHDVW$WODQWLFVXEPLWWHGIRUSXEOLFDWLRQLQ,&(6-RXUQDORI0DULQH
Science.

,,,

+RPUXP ( t (OLDVHQ . +DQVHQ % +iW~Q + *DDUG ( 5HLQHUW - DQG 6WHLQJUXQG 3
VXEPLWWHG 5HFUXLWPHQWDQGJURZWKRIVDLWKH Pollachius virens LQ)DURHVHZDWHUV6XEPLWWHGIRU
publication in Marine Biology Research.

,9

+RPUXP(t+DQVHQ%6WHLQJUXQG3DQG+iW~Q+ PDQXVFULSW 6HDVRQDOPLJUDWLRQRI)DURH
saithe (Pollachius virens).

9

+RPUXP(t+DQVHQ%6WHLQJUXQG32IVWDG/+DQG+iW~Q+ PDQXVFULSW ,VWKHJURZWK
RI)DURHVHVDLWKHGHQVLW\GHSHQGHQWRUFOLPDWHGHSHQGHQW

9,

6WHLQJUXQG3*DDUG(5HLQHUW-2OVHQ%+RPUXP(tDQG(OLDVHQ. PDQXVFULSW 7URSKLF
UHODWLRQVKLSVRQWKH)DURH6KHOIHFRV\VWHPDQGSRWHQWLDOHFRV\VWHPVWDWHV

 6XPPDU\RISDSHUV
,

7KHSDSHUGHVFULEHVOLIHKLVWRU\SDUDPHWHUV RIVDLWKHLQ)DURHVHZDWHUVEDVHGRQDQQXDOUHVHDUFK
cruises on the Faroe Plateau and Faroe Bank. The results are discussed in relation to the Faroese
PDULQHHFRV\VWHPDQGWRNQRZOHGJHRQRWKHUVDLWKHVWRFNVLQWKH1RUWKHDVW$WODQWLF*URZWKDQG
PDWXULW\RI)DURHVDLWKHUHVHPEOHVWKDWRIRWKHUVWRFNVEXWWKHGLHWYDULHVPRUHDPRQJWKHUHJLRQV
in the Northeast Atlantic, although there is overlap.

II

Migration among regions in the Northeast Atlantic is explored with the aim to obtain quantitative
PHDVXUHV RI PLJUDWLRQ UDWHV 7KH SDSHU GHPRQVWUDWHV WKDW WKH PLJUDWLRQ DPRQJ UHJLRQV LQ WKH
1RUWKHDVW$WODQWLF LV FRQVLGHUDEOH ,W LV IRXQG WKDW PLJUDWLRQ EHWZHHQ UHJLRQV VWDUWV ZKHQ VDLWKH
DUHDSSUR[LPDWHO\FPLQOHQJWKDQGWKDWEH\RQGFPWKHPLJUDWRU\EHKDYLRXULVRIVXEVWDQWLDO
PDJQLWXGH±EXWOHVVVRIRU,FHODQGLFVDLWKHWKDQIRU)DURHVHDQG1RUZHJLDQVDLWKH

,,,

7KLVSDSHUGHVFULEHVWKHQHJDWLYHFRUUHODWLRQEHWZHHQVWRFNVL]HDQGLQGLYLGXDOVL]HRIVDLWKHDQG
VKRZVKRZWKHUHFUXLWPHQWPD\EHOLQNHGWRWKHDYDLODELOLW\RIJURXSVDQGHHODQG1RUZD\SRXWWR
MXYHQLOHVDLWKHRQWKH)DURHVKHOI

,9

6HDVRQDOYDULDELOLW\LQWKHOHQJWKGLVWULEXWLRQVLQVDPSOHVIURPWKHFRPPHUFLDOFDWFKHVLVDQDO\VHG
,Q SHULRGV ZKHQ LQGLYLGXDO VDLWKH OHQJWK LV KLJK WKH OHQJWK WHQGV WR GHFUHDVH IURP -DQXDU\ WR
$XJXVW7KLVSDWWHUQVHHPVWRRULJLQDWHIURPVHDVRQDOPLJUDWLRQIURPWKHPDLQ¿VKLQJJURXQGVZLWK
WKHODUJHVW¿VKLQDQDJHJURXSOHDYLQJWKHDUHDLQWKHVXPPHUPRQWKVLHSUREDEO\DIWHUVSDZQLQJ
7KHVHDVRQDOYDULDWLRQLQ&38(DQGLQUHFDSWXUHRIWDJJHG¿VKRXWVLGHWKH)DURHDUHDVXSSRUWVWKLV
1

LQWHUSUHWDWLRQDQGLQGLFDWHVWKDWWKHPLJUDWRU\EHKDYLRXURI)DURHVDLWKHPD\EHVHHQDVHPLJUDWLRQ
LQVHDUFKRIIRRGFRPELQHGZLWKUHWXUQVSDZQLQJPLJUDWLRQ
9

*URZWKLQZHLJKWRIVDLWKHIURPRQH\HDUWRWKHQH[WLVUHODWHGWRWKHDPRXQWRIVWRPDFKFRQWHQWV
LQWKH\HDURIJURZWK7KHUHVXOWVLQGLFDWHWKDWWKHUHLVQRFRUUHODWLRQEHWZHHQJURZWKDQGVWRPDFK
contents. Some explanations to these contradictory results are discussed.

9,

7URSKLFSDWKZD\VIURPSK\WRSODQNWRQWRVHDELUGVDUHLQYHVWLJDWHGIRUWKH)DURH3ODWHDX7ZRVWDWHV
are proposed, where zooplankton, Norway pout, and saithe dominate in one state and herring,
sandeel, cod, and seabirds in the other.

2

2

Introduction

To manage a living resource well, in this case a
¿VKVWRFNJRRGXQGHUVWDQGLQJRIWKHELRORJ\LVRI
vital importance. The exploited resource is closely
linked to other living organisms, as competitors,
prey or predators. A physical change may thus
DIIHFW WKH UHVRXUFH GLUHFWO\ HJ LQ WHUPV RI
VDOLQLW\ RU WHPSHUDWXUH SUHIHUHQFHV 3HUKDSV PRUH
importantly, though, physical changes impact the
ORZHVWWURSKLFDOOHYHOV±WKHSULPDU\SURGXFWLRQ±
DQGWKHUHE\WKHOLYHOLKRRGRIHQWLUHHFRV\VWHPV
In a historical perspective, saithe have been an
LPSRUWDQW SDUW RI WKH )DURHVH QDWLRQ¶V IRRG ZKHQ
ODUJHVKRDOVFDPHQHDUWRWKHFRDVWDQGWKXVIRUPHG
WKHEDVLVIRU¿VKHULHVLQIMRUGVDQGVRXQGV -RHQVHQ
and Tåning, 1970). Saithe are, nowadays, exploited
commercially widely in the Northeast Atlantic.
In Faroese waters, annual catches have varied
between 20,000 and 60,000 tonnes per year during
UHFHQWGHFDGHVZKLFKPDNHVWKHPRQHRIWKHPRVW
important commercial species on the Faroe Plateau.
From 2005-2010, when the landings were at the
KLJKHVWWKHH[SRUWYDOXHRIVDLWKHZDVDURXQG
PLOOLRQ '.. 6WDWLVWLFV )DURH ,VODQGV   ,Q
VRPH\HDUVWKLVH[FHHGHGWKHH[SRUWYDOXHRIFRG
which traditionally has had the highest export value
RIWKHGHPHUVDOVWRFNV
,Q DGGLWLRQ WR WKH VFLHQWL¿F RXWFRPH RI WKLV
work, it is hoped, that the acquired knowledge will
EHYDOXDEOHWRWKHDVVHVVPHQWDQGPDQDJHPHQWRI
the saithe stock in Faroese waters.
7R SUHSDUH IRU WKH GLVFXVVLRQV RI WKH PDLQ
¿QGLQJV RI WKH 3K'SURMHFW ZH VWDUW RXW E\
SUHVHQWLQJ H[LVWLQJ NQRZOHGJH RQ WKH ELRORJ\ RI
VDLWKHSULRUWRWKLVSURMHFWDQGJLYHDEULHIRYHUYLHZ
RYHUWKHHFRV\VWHPRQWKH)DURH3ODWHDX'DWDIURP
stock assessments are also presented and strengths
DQGZHDNQHVVHVRIWKHVHGDWDDUHGLVFXVVHG

FORVHO\DVVRFLDWHGZLWKWKHVHDÀRRUHQYLURQPHQW
Blue whiting, on the other hand, are a pelagic species.
Saithe are generally described as being demersal,
DQG LQ )DURHVH ZDWHUV WKH\ DUH PRVW RIWHQ ¿VKHG
with bottom-trawl (e.g. ICES 2011a). But they do
DOVRH[KLELWSHODJLFEHKDYLRXU 1HLOVRQHWDO
6WHQVKROW HW DO  $UPDQQVVRQ DQG -yQVVRQ
VXEPLWWHG DQGWKH\DUHIXUWKHUGLVWLQJXLVKHGIURP
HJFRGDQGKDGGRFNE\IRUPLQJVFKRROV 3DUWULGJH
et al., 1980) to a greater degree.
6DLWKH DUH OLYLQJ RQ ERWK VLGHV RI WKH 1RUWK
$WODQWLF 2FHDQ ± RQ WKH HDVWHUQ VLGH IURP WKH
%DUHQWV6HDLQQRUWKDVIDUVRXWKDVWRWKH%D\RI
Biscay and across the Iceland-Scotland Ridge
covering both Faroese and Icelandic waters. On the
ZHVWHUQVLGHVDLWKHLVIRXQGDWWKHERUGHUEHWZHHQ
&DQDGDDQG86$
Spawning takes place primarily at bottom
GHSWKVEHWZHHQDQGP 2OVHQHWDO
$QRQ LQZLQWHU &OD\HWDO2OVHQHW
al., 2010). Juvenile saithe reside in inshore waters
WKH ¿UVW  \HDUV %HUWHOVHQ  &OD\ HW DO
$UPDQQVVRQ HW DO  $V DGXOWV VDLWKH
PRYHWRRIIVKRUHZDWHUV -RQHVDQG-yQVVRQ 
and exhibit seasonal migrations between spawning
DQGIHHGLQJDUHDV -RQHVDQG-yQVVRQ2OVHQ
et al. 2010).
7KH SHODJLF EHKDYLRXU LV DOVR UHÀHFWHG LQ WKH
diet, which is not directly associated with the seaÀRRU HJ SHODJLF FUXVWDFHDQV VXFK DV FRSHSRGV
HXSKDXVLLGV DQG DPSKLSRGV 1HGUHDDV 
%HUJVWDG  +¡MJDDUG  -DZRUVNL DQG
5DJQDUVVRQ   DQG ¿VKHV VXFK DV 1RUZD\
pout, blue whiting, herring (Clupea harengus),
sandeel (Ammodytidae), and capelin (Mallotus
villosus) 3iOVVRQ'X%XLW%HUJVWDG
 -yQVVRQ  -DZRUVNL DQG 5DJQDUVVRQ
2OVHQHWDO 'X%XLW  VKRZHG
WKDWWKHPDLQGLHWRIDGXOWVDLWKHLQ)DURHVHZDWHUV
was the euphausiid Meganyctiphanes norvegica
DQG¿VKHV±HVSHFLDOO\1RUZD\SRXWDQGVDQGHHO

 %LRORJ\RIVDLWKH
 *HQHUDOELRORJ\

 -XYHQLOHELRORJ\RIVDLWKHLQ)DURHVHZDWHUV

Saithe (Pollachius virens) are a gadoid species, i.e.
EHORQJLQJ WR WKH VDPH WD[RQRPLFDO IDPLO\ DV HJ
cod (Gadus morhua), haddock (Melanogrammus
DHJOH¿QXV), whiting (Merlangius merlangus),
Norway pout (Trisopterus esmarkii) and blue
whiting (Micromesistius poutassou 7KH¿UVWIRXU
DUHFODVVL¿HGDVGHPHUVDOVSHFLHVWKDWLVWKH\DUH

4XHVWLRQQDLUHV WR ¿VKHUPHQ - 5HLQHUW SHUV
comm.) have indicated that the main spawning
DUHDVLQ)DURHVHZDWHUVDUHLQWKHHDVWHUQSDUWRIWKH
Faroe Plateau and in a narrow band north and west
RIWKH)DURH,VODQGV $QRQ 
Danish research vessels conducted marine
ELRORJLFDO VWXGLHV LQ )DURHVH ZDWHUV IURP  WR
3

1939. Results regarding saithe were presented by
%HUWHOVHQ   ZLWK D PDLQ IRFXV RQ VKDOORZ
water where juveniles reside.
%HUWHOVHQ   IRXQG WKDW WKH VSDZQLQJ RI
saithe in Faroese waters peaks around 1 April,
LQIHUUHG IURP WKH VL]H RI IU\ 6HWWOHPHQW RI WKH
MXYHQLOHVZDVIRXQGWREHLQ-XQH±-XO\LQWKHOLWWRUDO
UHJLRQDQGWKLVLVZKHUHWKH\DUHIRXQGGXULQJWKH
VXEVHTXHQWWZR\HDUV0LJUDWLRQIURPWKHVKDOORZ
coastal areas was suggested to start in the second
summer as 1-year-olds, but all individuals within
an age group did not necessarily leave at the same
time.
7KHGLHWRIWKHJURXSVDLWKH JURXSLPSOLHV
WKDW LW LV LQ WKH \HDU RI ³ELUWK´  ZDV GRPLQDWHG
by copepods, chironomids, and amphipods. For
JURXSVDLWKHVPDOOJURXSVDLWKHZHUHIRXQGLQ
the diet in addition to copepods, and amphipods.
,Q D PRUH UHFHQW VWXG\ +¡MJDDUG   IRXQG
WKDW WKH PDLQ GLHW RI MXYHQLOH VDLWKH DJH JURXS 
DQG   FRQVLVWHG RI SHODJLF FUXVWDFHDQV K\SHULLG
amphipods and euphausiids), polychaetes, and
sandeel.

 RI UHFRYHULHV RI ¿VK WDJJHG LQ WKH HDVWHUQ
FRPSRQHQW RI WKH VWRFN ZHUH UHFDSWXUHG LQ WKH
ZHVWHUQ VWXG\ DUHD ZKHUHDV RQO\  RI VDLWKH
tagged in the western component were recaptured
in the eastern study area.
7KH VDLWKH ¿VKHULHV LQ WKH 1RUWKHDVW $WODQWLF
KDYH EHHQ PRQLWRUHG IRU D ORQJ WLPH DQG VLQFH
the 1960s working groups addressing saithe have
DVVHPEOHG DW WKH ,QWHUQDWLRQDO &RXQFLO IRU WKH
([SORUDWLRQ RI WKH 6HDV ,&(6  7KH PLJUDWRU\
EHKDYLRXU RI VDLWKH VKRXOG HQFRXUDJH VFLHQWLVWV
to co-operate, as has been emphasized, e.g. in the
&RDO¿VK ZRUNLQJ JURXS   $QG WKH 6DLWKH
6WXG\ *URXS   UHFRPPHQGHG WKDW IXWXUH
tagging experiments should be internationally
coordinated, provided that ICES managed to create
WKH IUDPHZRUN IRU GHVLJQLQJ WDJJLQJ H[SHULPHQWV
and implementing migration in stock assessment.
6R IDU WKHUH KDYH KRZHYHU EHHQ RQO\ OLPLWHG
DWWHPSWVWRLQWHJUDWHWKHPXOWLQDWLRQDOLQIRUPDWLRQ
on migrations between the saithe stocks in the
Northeast Atlantic.
2.2

The marine ecosystem in Faroese waters

2.1.3 Migration
Faroe saithe are situated between three other saithe
stocks: in Icelandic waters, in the Barents Sea
DQG RII WKH 1RUZHJLDQ FRDVW QRUWK RI 1 DQG
LQWKH1RUWK6HD6NDJHUUDNDQGZHVWRI6FRWODQG
Compared to these neighbouring stocks, the Faroe
VDLWKH LV KLVWRULFDOO\ WKH VPDOOHVW LQ WHUPV RI
biomass (ICES, 2010a, 2010b, 2011a).
-DNREVHQ DQG 2OVHQ   IRXQG WKDW DGXOW
saithe, tagged in northern Norway, emigrated to
Icelandic waters and, to a lesser degree, to Faroese
ZDWHUV $OVR VLJQL¿FDQW FKDQJHV LQ OHQJWKDWDJH
DQGFDWFKDWDJHIURPRQH\HDUWRDQRWKHUKDYHEHHQ
LQWHUSUHWHG DV LPPLJUDWLRQ RI VDLWKH WR ,FHODQGLF
ZDWHUV -RQVVRQ,&(6 7DJJLQJLQWKH
Faroe area (Jones and Jónsson, 1971) showed that
FRQVLGHUDEOH SURSRUWLRQV RI VDLWKH WDJJHG RQ WKH
Faroe Bank were recaptured in Icelandic waters, at
1RUWKDQG:HVW6FRWODQGDQGLQWKHQRUWKHUQ1RUWK
Sea. In Icelandic waters, juvenile saithe appear to
KDYHKLJKDI¿QLW\WRWKHDUHDRIWDJJLQJDQGWKHUH
LVQRLQGLFDWLRQRIPDVVHPLJUDWLRQIURP,FHODQGLF
ZDWHUV -RQHV DQG -yQVVRQ  $UPDQQVVRQ HW
DO ,Q&DQDGDPLJUDWLRQRIVDLWKHKDVDOVR
EHHQVWXGLHGE\PHDQVRIWDJJLQJVWXGLHVDQGDOVR
WKHUH VLJQL¿FDQW PLJUDWLRQ KDV EHHQ GRFXPHQWHG
4

The Faroe Islands are located on the Faroe Plateau
between Iceland and Shetland on a ridge system
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Figure 1. Bottom topography around the Faroe Plateau.
Light gray areas are shallower than 500 m. Dark gray
areas are shallower than 200 m. Topographic features:
The Iceland-Faroe Ridge (IFR), the Wyville-Thomson
Ridge (WTR), the Faroe-Shetland Channel (FSC), the
Faroe Bank (FB), and the Faroe Bank Channel (FBC).

VHSDUDWLQJ WKH 1RUZHJLDQ 6HD IURP WKH $WODQWLF
Ocean (Hansen and Østerhus, 2000). The Faroe
3ODWHDX LV VHSDUDWHG IURP VKDOORZ DUHDV LQ DOO
directions by deep waters (Figure 1). The shallowest
FRQQHFWLRQVWRRWKHUDUHDVDUHWR,FHODQGIROORZLQJ
the Iceland-Faroe Ridge with sill depth slightly less
WKDQ  P DQG WR WKH (XURSHDQ FRQWLQHQWDO VKHOI
YLD WKH :\YLOOH7KRPSVRQ 5LGJH ZLWK VLOO GHSWKV
around 600 m.
2.2.1 Inner system
7KH )DURH 6KHOI ZDWHU LV SDUWLDOO\ LVRODWHG IURP
the oceanic water masses surrounding it, by
clockwise residual currents generated by the strong
tidal currents, which also keep the water column
homogeneously mixed vertically (Larsen et al.,
2008) (Figure 2). The vertical mixing combined
ZLWK WKH VKDOORZ GHSWKV RQ WKH VKHOI DOVR LPSO\
WKDW ZLQWHU FRROLQJ LV PRUH HI¿FLHQW WKDQ LQ WKH
deeper surrounding areas (green area in Figure
 7KHUHIRUHWKHVKHOIZDWHULVGHQVHULQWKHHDUO\

Figure 3. Relative variability in primary production, number
RIJXLOOHPRWVLQDGH¿QHGVWXG\DUHDUHFUXLWPHQWRI\HDU
old cod and haddock and mean weight of 2-5 year old cod
and haddock. Based on Gaard et al. (2002).

PRQWKVRIWKH\HDUDQGWKLVIXUWKHULQKLELWVH[FKDQJH
EHWZHHQWKHVKHOIZDWHUDQGRFHDQLFZDWHUPDVVHV
7KLV UHWHQWLRQ RI WKH VKHOI ZDWHU KDV LPSRUWDQW
FRQVHTXHQFHV IRU WKH HFRV\VWHP RQ WKH VKHOI
because it helps keep the primary and secondary
SURGXFWLRQ ZLWKLQ WKH VKHOI ZKHUH WKH\ VXSSRUW
DQ DUUD\ RI KLJKHU RUJDQLVPV VHYHUDO RI ZKLFK
DUHRIFRPPHUFLDOLPSRUWDQFHHJVDLWKHFRGDQG
KDGGRFN0HDQZHLJKWDWDJHIRUFRGDQGKDGGRFN
UHFUXLWPHQW RI FRG DQG KDGGRFN DQG QXPEHU RI
guillemots (Uria aalge) in a monitored area exhibit
KLJKFRUUHODWLRQWRDQLQGH[RISULPDU\SURGXFWLRQ
33LQGH[  *DDUG HW DO   )LJXUH   7KH
SULPDU\SURGXFWLRQRQWKHVKHOIKDVEHHQPRQLWRUHG
since 1990. Sandeel are a key species acting as a
link between the primary production and higher
trophic levels (Eliasen et al., 2011). Saithe, cod and
KDGGRFNDOOIHHGRQVDQGHHOLQ)DURHVHZDWHUV
2.2.2 Outer system

20 cm/s
Figure 2. Background colours show surface temperature
on 18, April 2003, measured from satellite (courtesy of
P. Miller at Plymouth Marine Laboratory). Arrows show
residual currents based on long-term current meter
deployments at the sites indicated by circles, based on
Larsen et al. (2008). Temperature and current velocity
VFDOHVDUHVKRZQLQWKHERWWRPRIWKH¿JXUH

7KH SULPDU\ SURGXFWLRQ RXWVLGH WKH VKHOI RQ
the Faroe Plateau is not monitored in the same
PDQQHU DV RQ WKH VKHOI %XW VHYHUDO WURSKLFDO
levels (zooplankton, blue whiting and pilot whale
(Globicephala melas), present in the deeper areas
in the Faroese marine ecosystem, are linked to
variability in the Atlantic subtropical and subpolar
gyre system (Hátún et al., 2009a). Subpolar and
subtropical water masses meet in an area south
5
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ZHDNJ\UHUHVXOWVLQDKLJKHULQÀXHQFHRIZDUPVXEWURSLFDOZDWHUPDVVHV%DVHGRQ+iW~QHWDO  

Relative scales

RI WKH *UHHQODQG6FRWODQG ULGJH DIWHU ZKLFK WKH\
ÀRZ LQWR WKH $UFWLF 0HGLWHUUDQHDQ +iW~Q HW DO
2005) (Figure 4). The warmer and more saline
ZDWHU RI WKH VXEWURSLFDO J\UH LV DVVRFLDWHG ZLWK

Gyre index

PP-index
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Figure 5. The inverted gyre index GI (dashed) and the
PP-index (full). The GI from 1960 to 1993 is based on
VLPXODWLRQV ORQJ GDVKHG  +iW~Q HW DO   DQG IURP
1993 to 2010, it is based on mapped satellite altimetry data
(http://www.aviso.oceanobs.com) (short-dashed). From
Paper III.
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Figure 6. Recruitment in millions (bars), average weight
of ages 4 to 7 in kg (black curve) and total stock biomass
in thousand tonnes (grey curve). The grey bars indicate
the 3 latest years, in which the recruitment estimates are
generally rather uncertain.
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higher productivity. A weak subpolar gyre leads
WR LQFUHDVHG LQÀRZ RI ZDUPHU ZDWHU PDVVHV DQG
increased productivity in the region. The denser
ZDWHU RI WKH VXESRODU J\UH KDV D ORZHU VHD OHYHO
anomaly relative to the geoid than the subtropical
ZDWHU DQG WKHUHIRUH D VXESRODU J\UH LQGH[ *, 
)LJXUH   ZDV FDOFXODWHG EDVHG RQ VHD VXUIDFH
KHLJKWPHDVXUHPHQWV +iW~QHWDO+lNNLQHQ
and Rhines, 2004).
7KLV LQGH[ VHUYHV DV D SUR[\ IRU SURGXFWLYLW\
LQ WKH RXWHU SDUWV RI WKH PDULQH HFRV\VWHP RQ WKH
)DURH 3ODWHDX7KH GLVWULEXWLRQ RI EOXH ZKLWLQJ LV
OLQNHGWRWKH*,VXFKWKDWZKHQWKH*,LVQHJDWLYH
DQGSURGXFWLYLW\KLJK UHFUXLWPHQWRIEOXHZKLWLQJ
increases and it becomes much more abundant in
the region between the Faroes and Iceland than in
SHULRGVZKHQWKH*,LVSRVLWLYH +iW~QHWDOD
Hátún et al., 2009b).
Juvenile saithe live in the near shore areas, but as
WKH\JURZWKH\PRYHIDUWKHUIURPODQGDQGEHFRPH
SDUWRIWKHRXWHUV\VWHPRQWKH)DURH3ODWHDXLQWKH
UHLJQRIWKH*,2QHRIWKHPDLQREMHFWLYHVRIWKLV
3K'SURMHFWZDVWRLQYHVWLJDWHZKHWKHUELRORJ\RI
VDLWKHFRXOGEHOLQNHGWRWKLVGULYHURISURGXFWLYLW\
2.3

Stock assessments

The saithe stocks in the Northeast Atlantic are
PRQLWRUHGWRDOORZJRRGPDQDJHPHQWRIWKHVWRFNV
Every year scientists meet in ICES expert groups
to present and discuss the stock-assessments,
and ultimately ICES accepts or rejects the work
DQG DGYLFHV RQ WKH ¿VKHULHV EDVHG RQ WKH H[SHUW
JURXS UHSRUWV 7KH DVVHVVPHQW RI VDLWKH LV EDVHG

on virtual population analysis (VPA), an age based
analysis where the stock sizes are calculated as
VHHQ LQ KLQGVLJKW EDVHG RQ WKH FDWFKHV RI GLVWLQFW
\HDU FODVVHV 7KLV LPSOLHV WKDW D ORW RI ELRORJLFDO
data have to be sampled. Age, length and weight
DUHUHTXLUHGLQRUGHUWRREWDLQHVWLPDWHVRIFDWFKHV
at-age. Age and sexual maturation are needed to
estimate the spawning stock-biomass. In Figure 6,
mean weight-at-age is presented together with the
WRWDO VWRFN ELRPDVV DQG UHFUXLWPHQW IRU WKH )DURH
VDLWKHVWRFN)RU)DURHVDLWKHWRWDOVWRFNUHIHUVWR
ages 3 and older. There is a cyclical pattern with
saithe weighing least when recruitment/stock sizes
are large.
7KHRXWSXWIURPWKHVWRFNDVVHVVPHQWFRQVLVWV
RI QXPEHUV LQ WKH VWRFN RI HDFK DJH JURXS 7KLV
coupled to mean weight-at-age and maturity data
allows estimating the biomass in either the total
stock or the spawning stock. Another output is the
¿VKLQJPRUWDOLW\ ) ±WKDWLVWKHSURSRUWLRQWDNHQ
IURPWKHVWRFNE\¿VKHU\
There are strengths and weaknesses associated
with assessment data. Strengths include that they
SURYLGH ORQJ VHULHV EDFN WR  IRU WKH )DURH
VDLWKH RIERWKLQSXWDQGRXWSXWGDWD7KHLQSXWGDWD
are originally based on other databases, but e.g. the
RULJLQDOZHLJKWDWDJHGDWDIRU)DURHVDLWKHDUHQR
ORQJHUDYDLODEOHIRUWKHHDUOLHVW\HDUVLQWKHVHULHV
:HDNQHVVHVWLHGWRRXWSXWGDWDRIWKH93$DUHWKDW
these are modelled values, assuming several things,
e.g. constant natural mortality, and no migration.
In this Ph.D.-project, the assessment data have
been used, knowing that there are uncertainties
associated with them. In many cases they are used,
EHFDXVHWKH\FRYHU\HDUVDQGWKHUHIRUHWKHPDLQ
variability is believed to be consistent. In other
cases, the uncertainties are discussed in relation to
the obtained results.
2.4

Objective

7KH PDLQ REMHFWLYH RI WKH 3K'SURMHFW ZDV WR
LQYHVWLJDWH WKH UROH RI FOLPDWH DQG RFHDQRJUDSKLF
IDFWRUV LQ WKH ELRORJ\ RI )DURH VDLWKH 7KH
objectives, as originally phrased, were:
 7R H[SORUH PLJUDWLRQ SDWWHUQV RI VDLWKH LQ WKH
North Atlantic in relation to ocean currents.
 7RH[SORUHKRZIHHGLQJSUH\VHOHFWLRQJURZWK
DQGFRQGLWLRQRI)DURHVDLWKHGHSHQGRQFOLPDWH
and ocean currents.

 7R GHWHUPLQH WKH HIIHFWV RI FOLPDWH DQG RFHDQ
FXUUHQWVRQÀXFWXDWLRQVLQWKHELRPDVVRI)DURH
saithe.
It became clear that a paper describing the general
ELRORJ\ RI VDLWKH ZDV QHHGHG DQG PRUH GHWDLOHG
tasks were initiated:
 $QDO\VLVRIVXUYH\GDWDWRDFTXLUHLQIRUPDWLRQ
RQJHQHUDOELRORJ\RIVDLWKHLQ)DURHVHZDWHUV
i.e. spawning, distribution, growth, maturation
and diet (Paper I).
 $QDO\VLV RI GHQVLW\ GHSHQGHQW JURZWK RI
Faroe saithe, and how variable productivity in
the ecosystem may explain the variability in
UHFUXLWPHQW RI VDLWKH WR WKH DGXOW VWRFN 3DSHU
III).
 $QDO\VLV RI VDLWKH PLJUDWLRQ EDVHG RQ
tagging experiments. This work was done in
collaboration with scientists in Iceland, Norway
and England, thus obtaining an extra dimension
(immigration to Faroese waters) to the research
(Paper II).
 $QDO\VLVRIVHDVRQDOPLJUDWLRQRIVDLWKHEDVHG
RQLQGLYLGXDOOHQJWKGDWDIURPWKHFRPPHUFLDO
ODQGLQJV RI VDLWKH ORJERRNV IURP FRPPHUFLDO
trawlers and tagging data (Paper IV).
 ,QLWLDOO\ DQ DQDO\VLV RI JURZWK DQG IRRG
availability was done (Paper V), to investigate
whether stomach contents could explain an
observed decrease in mean weight-at-age.
7KLV SDSHU RSHQHG WKH ZD\ IRU PDQ\ RI WKH
hypotheses worked on later in the project, but
did not come to clear conclusions regarding the
ÀXFWXDWLRQV RYHU WLPH LQ PHDQ ZHLJKWDWDJH
SHUKDSVSDUWO\EHFDXVHVRPHRIWKHXQGHUO\LQJ
assumptions turned out to be wrong, e.g. in how
growth was calculated.
 $QDO\VLV RI WURSKLF SDWKZD\V RQ WKH )DURH
Plateau, which describes two possible regimes
in the Faroese marine ecosystem (Paper VI).

3

Material

7R DFKLHYH WKHVH REMHFWLYHV D VHULHV RI DYDLODEOH
data-sets were used:
*URXQG¿VK VXUYH\V LQ VSULQJ   DQG
VXPPHU  : These surveys are primarily
GHVLJQHGIRUDEXQGDQFHLQGLFHVRIFRGDQGKDGGRFN
7

on the Faroe Plateau and Faroe Bank. In addition,
biological parameters such as total length, round
weight, sex, sexual maturity and age are sampled
IRU DQ DUUD\ RI VSHFLHV $OVR VWRPDFK FRQWHQW
analyses on cod, haddock and saithe have been
conducted on these cruises since 1997.

4

Results and Discussion

This section describes and discusses the main
results gained during the Ph.D. project.
 *HQHUDOELRORJ\

Tagging studies: Saithe in Faroese waters were
WDJJHGIURPDQGDJDLQLQDQG
 'DWD IURP ERWK WDJJLQJ DQG UHFDSWXUH DUH
available such as date, position and length. Also
WDJJLQJGDWDIURP,FHODQGLFDQG1RUZHJLDQWDJJLQJ
studies were generously made available.
Biological data from samples of the commercial
ODQGLQJV a  This database contains length,
JXWWHGZHLJKWDQGDJHIRUVHYHUDOVSHFLHV LQFOXGLQJ
saithe), several gears and throughout the year.
/RJERRN GDWD IURP WKH FRPPHUFLDO ÀHHW 
 /RJERRN GDWD SURYLGH FDWFK SHU XQLW HIIRUW
VHULHV &38( WKURXJKRXWWKH\HDUIRUSDLUWUDZOHUV
ZLWKGLUHFWHG¿VKHU\IRUVDLWKH GH¿QHGDVKDYLQJDW
least 50% saithe in each haul).
6WRFN GDWD  7KH VWRFN DVVHVVPHQWV RI
)DURHVH ¿VK VWRFNV DUH TXDOLW\ FKHFNHG XQGHU WKH
,&(6 IUDPHZRUN 5HSRUWV IURP WKHVH ZRUNLQJ
JURXSVFRQWDLQYDOXDEOHLQIRUPDWLRQRQVDLWKHLQWKH
Northeast Atlantic. From these reports, both input
data and output data have been used. In principle
WKHLQSXWGDWDRULJLQDWH IURP RWKHU GDWDEDVHV HJ
VXUYH\GDWDDQGVDPSOHVIURPFRPPHUFLDOFDWFKHV
EXWWKHVHGDWDDUHQRORQJHUDYDLODEOHIRUWKHHDUOLHVW
years. Output data are the estimated stock-sizes in
both numbers and biomass.
Index of primary production on the Faroe shelf
 The PP-index is based on nutrientGHSOHWLRQRIWKHVKHOIZDWHULQ-XQH
*\UH ,QGH[  The subpolar gyre index
*,  GHVFULEHV WKH VWUHQJWK RI WKH VXESRODU J\UH
DQGLVEDVHGRQPHDVXUHPHQWVRIVHDVXUIDFHKHLJKW
 $VLPXODWHGVHULHVLVDYDLODEOHIRUWKH
period 1960-2003.
JURXS VXUYH\  Abundance (mean
QXPEHUSHUKDXO DQGPHDQOHQJWKRIIU\RIVDQGHHO
1RUZD\ SRXW DQG VDLWKH DUH REWDLQHG IURP WKH
annual 0-group survey in June-July.
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6DLWKHKDYHEHHQPRQLWRUHGIRUPRUHWKDQ\HDUV
in Faroese waters (ICES, 2011a) and during this
WLPHDORWRIVFLHQWL¿FPDWHULDOKDVEHHQJDWKHUHG
7KHNQRZOHGJHDFTXLUHGIURPWKHVHLQYHVWLJDWLRQV
has been important to the stock assessments, and
in addition, several reports have been written.
8QIRUWXQDWHO\OLWWOHZDVDYDLODEOHLQWKHSXEOLVKHG
OLWHUDWXUH3DSHU,GHVFULEHVWKHJHQHUDOELRORJ\RI
VDLWKH EDVHG RQ JURXQG¿VK VXUYH\V FRQGXFWHG LQ
February-March (since 1994) and August (since
1996).
4.1.1 Spawning time and main spawning area
0DLQ VSDZQLQJ RI VDLWKH LQ )DURHVH ZDWHUV KDV
ceased by mid-March, which is earlier than
concluded by Bertelsen (1942). Earlier spawning
SHULRG LQ UHFHQW \HDUV KDV DOVR EHHQ REVHUYHG IRU
cod (Steingrund et al., 2005). The discrepancy may,
KRZHYHUEHFDXVHGE\WKHGLIIHUHQWVWXG\PHWKRGV
In our study, spawning time was determined by how
WKH SHUFHQWDJH RI ULSH VSDZQLQJ DQG VSHQW VDLWKH
changed over time, although a rigid determination
RIWKHSHDNVSDZQLQJZDVQRWSRVVLEOHEDVHGRQRXU
data. Along the Norwegian coast, peak spawning
occurs during February (Olsen et al., 2010) and
LQ WKH 1RUWK 6HD IURP -DQXDU\ WR 0DUFK$SULO
(Reinsch, 1976). In Canadian waters, saithe are
IRXQG WR VSDZQ IURP 1RYHPEHU WR 0DUFK ZLWK
peak spawning in December to February (Clay et
DO   ,Q DGGLWLRQ WR WKH GLIIHUHQFH LQ WLPLQJ
RI WKH VSDZQLQJ LQ WKH HDVWHUQ DQG ZHVWHUQ 1RUWK
$WODQWLF WKHUH LV DOVR GLIIHUHQFH LQ WKH ORZHVW
temperature and salinity tolerated by saithe, with
western saithe spawning at temperatures down to
&DQGVDOLQLWLHVDVORZDVZKHUHDVWKHOLPLWV
IRUWKHHDVWHUQVDLWKHDUH&DQG UHIHUHQFHV
in Reinsch, 1976).
The main spawning area seems to be on the
HDVWHUQ SDUWV RI WKH )DURH 3ODWHDX EDVHG RQ WKH
GLVWULEXWLRQ RI ULSH DQG VSDZQLQJ VDLWKH HYHQ
WKRXJKVSDZQLQJ¿VKDUHQRWFRQFOXVLYHHYLGHQFHRI
VSDZQLQJDUHD,WLVKRZHYHUVXSSRUWHGE\WKHIDFW
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Figure 7. The number of trawl hauls in various months from 2007 to 2009 in the scale shown on the December plot. The
blue box indicates the main sampling area. From Paper IV.

WKDWWKLVLVWKHPDLQ¿VKLQJDUHDIRUWKHFRPPHUFLDO
ÀHHW GXULQJ WKH VSDZQLQJ SHULRG )LJXUH   7KH
spawning area, previously suggested to be on
the western Faroe Plateau (Anon, 1998), was not
evident in our study.

in growth rate between Norwegian and Icelandic
VDLWKH%HUWHOVHQ¶VFRQFOXVLRQVDUHFRQVLVWHQWZLWK
LQSXWGDWDIRUVWRFNDVVHVVPHQWZKHUHWKHZHLJKW
DWDJHRIDGXOW)DURHVDLWKHLVORZHUWKDQ,FHODQGLF
and larger than Norwegian and North Sea saithe
(ICES, 2010a, 2010b, 2011a).

 *URZWKFRQGLWLRQIDFWRUDQGPDWXUDWLRQ
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7KH JURZWK FXUYH RI VDLWKH GRHV QRW IROORZ WKH
YRQ %HUWDODQII\ JURZWK FXUYH YHU\ SUHFLVHO\
)LJXUH ,WVKRZHGDGLVWLQFWFKDQJHDWDQDJHRI
DURXQGIRXUDIWHUZKLFKWKHJURZWKUDWHGHFUHDVHV
DQG EHFRPHV PRUH RU OHVV FRQVWDQW *URZWK GLG
QRW GLIIHU EHWZHHQ WKH VH[HV 7KH GHFLVLRQ WR XVH
WKH YRQ %HUWDODQII\ PRGHO GHVSLWH WKH SRRU ¿W
ZDV WR DOORZ FRPSDULVRQ ZLWK VDLWKH IURP RWKHU
UHJLRQV 8VLQJ WKH YRQ %HUWDODQII\ HTXDWLRQ JDYH
asymptotic length L   FP IRU PDOHV DQG
FP IRUIHPDOHVDQG JURZWK UDWH N   IRU
PDOHVDQGIRUIHPDOHV7KLVLVFRPSDUDEOHWR
DYDLODEOHGDWDRQJURZWKRIVDLWKHLQRWKHUUHJLRQV
(Magnussen, 2007), but according to Bertelsen
(1942), the adult Faroe saithe was intermediate
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Figure 8. Growth and Fulton condition factor of saithe in
)DURHVH ZDWHUV +HDY\ OLQHV DUH ¿WWHG YRQ %HUWDODQII\
curves to growth data. Vertical bars represent 95%
FRQ¿GHQFHLQWHUYDOV)URP3DSHU,
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DQG ZKHUH SDUW RI WKH HQHUJ\ LV FKDQQHOOHG LQWR
developing the reproductive organs.
7KHPDWXULW\RJLYHVRIVDLWKHLQ)DURHVHZDWHUV
VKRZHGWKDWIHPDOHVPDWXUHDSSUR[LPDWHO\RQH\HDU
later than males (Figure 10). 50% sexual maturation
ZDVDWWDLQHGDWDJH RUFP IRUPDOHVDQG
RUFP IRUIHPDOHVZKLFKLVDIWHUWKH¿VKKDYH
moved into deeper waters. In Norwegian waters,
Spring
Summer
the age at maturity has been estimated at about 5.5
years (Fotland and Mehl, 2008) and in Icelandic
10 20 30 40 50 60 70 80 90 100 110 120
Length (cm)
waters at about 6.1 years (Armannsson, 2007),
IRUVH[HVFRPELQHG)HPDOHVDOVRVHHPWRPDWXUH
Figure 9. Length weight relationship of saithe in Faroese
later than males in Icelandic waters (Armannsson,
waters based on ungutted weights. Spring and summer
 ,QWKHZHVWHUQFRPSRQHQWRIWKH&DQDGLDQ
samples have been combined.
saithe stock, a distinct decrease has been observed
7KH OHQJWKZHLJKW UHODWLRQVKLS RI VDLWKH LQ in the length when 50% have matured sexually
)DURHVHZDWHUVLVGHVFULEHGE\WKHSRZHUIXQFWLRQ IURP  FP LQ WKH V WR QHDUO\  FP DW WKH
weight = Â x length where spring and WXUQ RI WKH FHQWXU\ $UPDQQVVRQ   6XFK D
summer samples have been combined (Figure 9). GHFUHDVH GRHV QRW VHHP WR EH WKH FDVH IRU QHLWKHU
7KLVUHODWLRQVKLSLVIRUXQJXWWHGZHLJKWVLQNJDQG Faroese (unpublished data), nor Icelandic saithe
(Armannsson, 2007).
lengths in cm.
In spring, the youngest saithe have the lowest
FRQGLWLRQ IDFWRU Fulton K), whereas in summer
they have the highest. The low Fulton KRI\RXQJ 4.1.3 Distribution
saithe in spring indicates that this period is hard
IRU WKHP WR VXUYLYH $IWHU DJH  WKH Fulton K $FFRUGLQJWR%HUWHOVHQ  WKHWUDQVLWLRQIURP
curves in spring and summer are parallel but with WKH VKDOORZ KDELWDW RI \RXQJ VDLWKH WR WKH GHHSHU
KLJKHUYDOXHVLQVXPPHULQGLFDWLQJEHWWHUIHHGLQJ DUHDVRIDGXOWVSHFLPHQVLVQRWDQDEUXSWHYHQWDW
circumstances during summer. In this study, age three, but rather a successive emigration at age
ungutted weights were used to calculate Fulton K. one, two and three. This suggestion was supported
'DWD IURP FRPPHUFLDO VDPSOLQJV RI JXWWHG VDLWKH E\ VXUYH\ GDWD DV WKH VPDOOHVW VL]H JURXSV RI
GLGQRWVKRZDVODUJHDGLIIHUHQFHEHWZHHQVSULQJ VDLWKHZHUHIRXQGFORVHVWWRODQGDQGVXFFHVVLYHO\
DQG VXPPHU DQG SDUW RI WKH GLIIHUHQFH VHHQ LQ PRYLQJ IDUWKHU IURP ODQG ZLWK LQFUHDVLQJ VL]H
)LJXUH  LV WKHUHIRUH GXH WR VHDVRQDO FKDQJHV LQ (Figure 11). Beyond 50 cm, the age groups
JRQDG OLYHU DQG VWRPDFK ZHLJKWV 7KH VKLIW LQ overlapped extensively and the spatial distributions
WKH JURZWK FXUYH DQG WKH FRQGLWLRQ IDFWRU RFFXUV approached the 500 m depth contour. The apparent
at an age when the saithe are maturing sexually, boundary at 500 m depth is, however, provided by
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Figure 10. Maturity ogives of saithe in Faroese waters, with grey vertical lines indicating the length (a) and age (b) when
50% of saithe have matured sexually.
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WKH DUHD FRYHUHG E\ WKH VXUYH\V ± QRW QHFHVVDULO\
WKH LQKDELWDEOH ERXQGDU\ RI VDLWKH 2Q WKH )DURH
Bank, the smallest saithe were between 40 and
50 cm (Figure 11) indicating that the bank is not
a nursery area, which is consistent with Bertelsen
(1942).

7KHPRYHPHQWRIVDLWKHWRGHHSHUZDWHUVZLWK
age has also been observed in other regions such
as in the Norwegian Deep where some, but not
YHU\ SURQRXQFHG VHJUHJDWLRQ RI VL]HV E\ GHSWK
may occur (Bergstad, 1991). Also in Canadian
waters, Clay et al. (1989) observed that there was
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D VXFFHVVLYH UHSODFHPHQW RI ROGHU VHFRQG \HDU 
¿VKE\WKH\RXQJHU\HDUFODVVLQWKHLULQVKRUHVWXG\
DUHD%\1RYHPEHUPDQ\RIWKHVHFRQG\HDU¿VK
OHIWWKHDUHDQRWWRUHWXUQ
7KHGLVWULEXWLRQRIVDLWKHLVYDU\LQJVHDVRQDOO\
1HLOVRQ HW DO  2OVHQ HW DO   DV ZDV
DOVR IRXQG IRU )DURH VDLWKH ZKHUH WKH PHDQ
GLVWDQFHIURPWKHFHQWUHRIGLVWULEXWLRQZDVORQJHU
LQVSULQJWKDQLQVXPPHU 3DSHU, 7KLVLVIXUWKHU
supported by the varying catches in the commercial
¿VKHU\ZKHUHWKHUHDUHJHQHUDOO\ODUJHUFDWFKHVLQ
the spawning period than later in the summer (see
later).
4.1.4 Diet
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a)
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$V VWDWHG LQ WKH LQWURGXFWLRQ WKH GLHW RI VDLWKH
UHÀHFWV WKH SHODJLF EHKDYLRXU 7KLV ZDV DOVR
FRQ¿UPHG E\ WKH VXUYH\ GDWD 7KH PDLQ SUH\
VSHFLHV RI VDLWKH LQ )DURHVH ZDWHUV ZHUH IRXQG WR
be blue whiting, Norway pout, euphausiids, and
sandeel (Paper I). There is geographical, seasonal,
interannual, as well as size dependent variability
LQ WKH UHODWLYH LPSRUWDQFH RI WKH SUH\ VSHFLHV WR
saithe. Overall, blue whiting appears to be the most
important prey species to adult saithe, but this is
mostly in the outer areas on the Faroe Plateau in
VXPPHU 3DSHU ,  ,Q VSULQJ WKH VWRPDFK IXOOQHVV
was considerably lower than in summer (Figure
12). For sexually mature saithe, this may in part
UHÀHFW WKDW WKH VDPSOHV DUH WDNHQ LQ WKH VSDZQLQJ
SHULRG EXW WKH ORZ IXOOQHVV LQGLFHV SUREDEO\ DOVR
UHÀHFW WKH GHSULYDWLRQ DQG RXWJURZLQJ RI VXLWDEOH
SUH\VLQFHWKHODVWEORRPRISULPDU\SURGXFWLRQ±
and subsequent cascade into higher trophic levels
*DDUGHWDO+iW~QHWDOD6WHLQJUXQG

DQG*DDUG ,WLVWKHJURXSWKDWDUHWKHEXON
RIWKHEOXHZKLWLQJIRXQGLQWKHVWRPDFKVDVLVDOVR
WKHFDVHZLWKVDQGHHO )LJXUH :LWKUHJDUGVWR
Norway pout, which grows slower than e.g. blue
ZKLWLQJ 0RQVWDG  ,&(6   SUREDEO\
several age groups are taken as prey by saithe
(Figure 13).
%DVHGRQWKHJURXQG¿VKVXUYH\VWKHUHLVDVKLIW
in the diet with age, with the juveniles relying most
on Norway pout, and blue whiting constituting
LQFUHDVLQJO\ ODUJHU SURSRUWLRQ RI WKH GLHW ZLWK
LQFUHDVLQJDJH )LJXUH 7KLVGLIIHUHQFHEHWZHHQ
younger and older saithe is linked to where on the
Faroe Plateau they are distributed. The older saithe
DUHLQWKHGHHSHUZDWHUVRIWKH3ODWHDXZKHUHEOXH
ZKLWLQJDUHPRUHDEXQGDQWEXWGLVWULEXWHGIDUWKHU
out than Norway pout. Euphausiids and sandeel
DUHWDNHQPRUHXQLIRUPO\E\DOODJHVRIVDLWKH7KH
VKLIWLQWKHJURZWKFXUYH )LJXUH RFFXUVDWDQDJH
when the saithe are maturing sexually, and where
SDUWRIWKHHQHUJ\LVFKDQQHOOHGLQWRGHYHORSLQJWKH
reproductive organs. This is also a period, however,
DIWHUWKH\RXQJVDLWKHKDYHPRYHGIURPLQVKRUHWR
RIIVKRUH ZDWHUV DQG WKH VKLIW LQ ERWK JURZWK DQG
Fulton K FRXOG EH D FRQVHTXHQFH RI WKLV KDELWDW
VKLIWDVLVDOVRLQGLFDWHGE\WKHVKLIWLQGLHW
There is an apparent discrepancy between our
juvenile diet study based on survey data and those
RI%HUWHOVHQ  DQG+¡MJDDUG  VLQFHZH
IRXQG1RUZD\SRXWWREHPRVWDEXQGDQWZKHUHDV
+¡MJDDUGIRXQGVDQGHHODQG%HUWHOVHQDPSKLSRGV
and copepods to dominate the diet. But, whereas
WKHVXUYH\VDUHE\ERWWRPWUDZODQGWKHUHIRUHQRW
very near the shoreline, both (Bertelsen, 1942) and
(Højgaard, 1999) sampled near land, and this may
YHU\ ZHOO LQGXFH WKH REVHUYHG GLIIHUHQFHV LQ WKH
GLHWRIMXYHQLOHV:KHQVXUYH\GDWDDUHGLYLGHGLQ
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Figure 13. Length distribution of blue whiting, Norway pout
and sandeel in the stomach contents of saithe.

4

depth intervals (Paper VI), there are indications that
sandeel are important to saithe in waters shallower
than 150 m in March.
It could be argued that the diet analyses based
RQ 0DUFK DQG $XJXVW GDWD DUH QRW VXI¿FLHQW WR
GHVFULEHGLHWWKURXJKRXWWKH\HDU:LWKUHJDUGVWR
quantities this may be true. Sandeel on average
FRPSULVH  RI WKH GLHW E\ ZHLJKW  LQ VXPPHU
RQWKH3ODWHDXEXWWKHDEXQGDQFHRIVDQGHHOPD\
have been higher earlier in the summer. Studies
have shown that the optimal behavioural response
RI VDQGHHO WR LQFUHDVHG SUHGDWLRQ PRUWDOLW\ LV
WR UHGXFH IRUDJLQJ DFWLYLW\ JLYHQ WKDW IRUDJLQJ
activity is proportional to the mortality and a critical
minimum energy uptake is not compromised (van
'HXUVHWDODQGUHIHUHQFHVWKHUHLQ 6LPLODU
HFRORJLFDO H[SODQDWLRQV IRU VHDVRQDO YDULDELOLW\
SUREDEO\ H[LVW IRU RWKHU SUH\ VSHFLHV DV ZHOO %XW
ZLWK UHJDUGV WR WKH FRPELQDWLRQ RI SUH\ VSHFLHV
it is not very likely that other species outrange the
IRXUVSHFL¿HGSUH\JURXSVLQQRWFRYHUHGSHULRGV
VLQFH WKH VDPH IRXU JURXSV DUH PRVW DEXQGDQW LQ
both spring and summer.
7KHPDLQGLHWRIVDLWKHLQWKH1RUWKHDVW$WODQWLF
varies regionally (Paper I), but the diet overlaps.
For instance, in Scottish waters, blue whiting has
EHHQ IRXQG WR EH PRVW LPSRUWDQW LQ WKH ZHVWHUQ
parts, but euphausiids and Norway pout were most
important in the eastern parts (du Buit, 1991). On
the other hand, several prey species important to
other saithe stocks do not amount to much in the
GLHWRI)DURHVDLWKHHJFDSHOLQDQGKHUULQJ 3DSHU
,-yQVVRQ-DZRUVNLDQG5DJQDUVVRQ
Olsen et al., 2010).
The results in Paper I indicate that the most
LPSRUWDQW SUH\ IRU DGXOW VDLWKH LV EOXH ZKLWLQJ
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Figure 14. Temporal variation in stomach contents of saithe in Faroese waters. The unit on the y-axis is Partial Fullness
Index (see Paper I).
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which is present in Faroese waters throughout most
RI WKH \HDU XQSXEOLVKHG GDWD  7KH EOXH ZKLWLQJ
stock was historically large during the period our
GLHWVWXG\FRYHUVDQGWKHDEXQGDQFHRIVPDOOEOXH
whiting, suitable as prey to saithe, was also high in
Faroese waters in this period (ICES, 2011b). This
PD\ LQÀXHQFH WKH LPSUHVVLRQ WKDW EOXH ZKLWLQJ
LV E\ IDU WKH PRVW GRPLQDQW SUH\ RI DGXOW VDLWKH
in Faroese waters. The interannual variability in
VWRPDFK IXOOQHVV LQ )DURHVH ZDWHUV LQ VXPPHU
LV PDLQO\ GULYHQ E\ WKH DPRXQWV RI EOXH ZKLWLQJ
in the stomach contents (Figure 14). This is in
accordance with the recruitment to the blue whiting
stock (ICES, 2011b), which decreased drastically in
2005.
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7KH UHFUXLWPHQW RI )DURH VDLWKH WR WKH ¿VKDEOH
VWRFN LV SRVLWLYHO\ FRUUHODWHG WR WKH DPRXQW RI
VDQGHHO DQG 1RUZD\ SRXW IU\ LQ -XQH )LJXUH 
Paper III). Sandeel, in turn, is tightly linked to the
SULPDU\ SURGXFWLRQ RQ WKH VKHOI (OLDVHQ HW DO
2011). Indeed, a positive correlation, albeit weak, is
VHHQEHWZHHQUHFUXLWPHQWRIVDLWKHDWDJHWKUHHDQG
WKHSULPDU\SURGXFWLRQRQWKH)DURHVKHOIDYHUDJHG
over the three years preceding recruitment. This is
LQDFFRUGDQFHZLWKWKHVKDOORZKDELWDWRIMXYHQLOH
saithe (Paper I). Recruitment shows the highest
FRUUHODWLRQZLWKWKHDYDLODELOLW\RIVDQGHHOWRVDLWKH
at age 2, but also Norway pout as prey to saithe at
age 1 gives good correlations (Paper III). Paper
,,,SURYLGHVVXSSRUWWRWKH¿QGLQJVRI3DSHU,DQG
SUHYLRXVVWXGLHVRQGLHWRIMXYHQLOHVDLWKHLQ)DURHVH
ZDWHUV %HUWHOVHQ  +¡MJDDUG   ZKLFK
¿QGWKDWWKHVHDUHERWKLPSRUWDQWSUH\¿VKVSHFLHV
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Figure 15. Recruitment of saithe at age 3 in relation to the biomass index of Norway pout (a) and (b) and sandeel (c)
and (d). Figures (a) and (c) show the relationships between recruitemnt at age 3 and the prey biomass the year before
(t-1), while (b) and (d) show the relationships between recruitment at age 3 and the prey biomass two years before (t-2),
representing the food-availability of the one- and two-year-old saithe, respectively. The grey triangles indicate the three
last years in the series, in which the recruitment estimates are generally rather uncertain. The lines are the regression
lines when the three last years have been excluded. From paper III.
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to juvenile saithe in addition to e.g. copepods,
amphipods, saithe larvae and euphausiids.
For more than ten years we have known that
WKH UHFUXLWPHQW RI FRG DQG KDGGRFN DUH OLQNHG WR
WKH 33LQGH[ 2XU ¿QGLQJ WKDW VDLWKH UHFUXLWPHQW
DOVRLVGULYHQE\SURGXFWLYLW\RQWKHVKHOILPSOLHV
that all three major demersal stocks (saithe, cod
and haddock) in Faroese waters are depending on
WKH VDPH UHVRXUFHV :KHUHDV WKH UHVSRQVH LQ FRG
DQG KDGGRFN FDQ EH VHHQ YHU\ GLUHFWO\ IURP WKH
SULPDU\SURGXFWLRQ )LJXUH  *DDUGHWDO 
IRUVDLWKHWKHUHVSRQVHLVPRUHREYLRXVLQUHODWLRQ
to trophic levels higher than the primary production
LWVHOI 3DSHU ,,,  7KHUH DUH LQGLFDWLRQV RI WZR
GLIIHUHQW WURSKLF SDWKZD\V RQ WKH )DURH 3ODWHDX
(Paper VI), where sandeel and Norway pout are
important links between lower and higher trophic
OHYHOV6DQGHHOZHUHIRXQGWREHGRPLQDWLQJLQWKH
GLHWRIFRGLQWKH¶V 5DH ZKHUHDVWKH\
DUHDPRUHYDULDEOHGLHWRIFRGLQUHFHQW\HDUV 3DSHU
VI). Over the last decades, saithe have comprised
DQ LQFUHDVLQJO\ ODUJHU SDUW RI WKH WRWDO ELRPDVV
RIVDLWKHFRGDQGKDGGRFN,Q3DSHU9,WKLVZDV
OLQNHGWRWKHDPRXQWVRI1RUZD\SRXWDQGVDQGHHO
LQWKHVWRPDFKFRQWHQWVIURPVXUYH\GDWD VDPHDV
presented in Paper I). The two proposed ecosystem
regimes include a stable regime, which was acting
up until the 1960s and an unstable regime during
the past decades. The stable regime is characterized
by a stable state, where herring, sandeel, cod, and
seabirds are dominating. The unstable regime is
FKDUDFWHUL]HGE\VWDWHVVKLIWLQJEHWZHHQD1RUZD\
pout-state, where zooplankton, Norway pout, and
saithe dominate, and a sandeel-state, where sandeel,
cod and haddock are boosted, although this has not
OHGWRDUHFRYHU\RIVHDELUGV
In addition to being correlated with the PPindex, saithe recruitment is also weakly negatively
FRUUHODWHG WR WKH *, 3DSHU ,,,  7KH KLJKHVW
FRUUHODWLRQ FRHI¿FLHQWV DUH REVHUYHG IRU ODJV 

=HURODJZRXOGLPSO\HIIHFWVDURXQGWKHWLPHZKHQ
VDLWKHHQWHUWKHRXWHUV\VWHPRIWKH3ODWHDXZKHUHDV
DODJRI\HDUVUHSUHVHQWVFRQGLWLRQVDWWKHWLPHRI
spawning, since it takes approximately 1 year until
the marine climate in the Faroe area responds to the
subpolar gyre (Hátún et.al, 2005).
Saithe recruitment is also weakly correlated
ZLWK WKH DEXQGDQFH RI WKH VDPH FRKRUW DW WKH
JURXS VWDJH DQG WKLV PD\ VXSSRUW DQ HIIHFW RI
WKH *, RQ VDLWKH UHFUXLWPHQW WKURXJK SURFHVVHV
RFFXUULQJDURXQGWKHWLPHRIVSDZQLQJRUKDWFKLQJ
The 0-group survey provides the only estimate we
KDYHRQDEXQGDQFHRIVDLWKHEHIRUHWKH\HQWHUWKH
¿VKHU\DWDJHEXWFDXWLRQLVQHHGHGZKHQXVLQJ
WKH JURXS VXUYH\ GDWD IRU VDLWKH EHFDXVH VDLWKH
DUH IRXQG LQ WKH OLWWRUDO ]RQH DV HDUO\ DV LQ 0D\
(Bertelsen, 1942), whereas the survey starts in the
VHFRQGKDOIRI-XQH7KHDEXQGDQFHRIVDLWKHIU\LQ
the 0-group survey, in comparison to sandeel and
1RUZD\SRXWLVWRRUGHUVRIPDJQLWXGHORZHU
4.3

Density dependent growth

Both cod and haddock exhibit increased individual
growth as well as good recruitment, when
SURGXFWLYLW\LVKLJK *DDUGHWDO6WHLQJUXQG
DQG *DDUG   EXW VDLWKH DUH JHQHUDOO\ VPDOO
when recruitment is good (ICES, 2011a). There
VHHPV WR EH DQ HOHPHQW RI GHQVLW\ GHSHQGHQW
growth in Faroe saithe (Figure 6), and this topic
ZDV H[SORUHG IXUWKHU LQ SDSHU ,,, *URZWK ZDV
IRXQG WR EH LQYHUVHO\ FRUUHODWHG WR WKH WRWDO VWRFN
size, either in number or biomass, especially until
DJH  DIWHU ZKLFK WKH GHQVLW\ HIIHFW RI WKH WRWDO
stock ceased (Table 1). Again, the changing spatial
distribution with size can explain much: there is
little overlap between the oldest and the youngest
saithe, which are much more numerous than the old
VDLWKH*HQHUDOO\DQG\HDUROGVDLWKHFRPSULVH

7DEOH  &RUUHODWLRQ FRHI¿FLHQWV EHWZHHQ WKH \HDU UXQQLQJ PHDQ JURZWK LQ ZHLJKW RI LQGLYLGXDO DJH JURXSV DQG WKH
inverse of three different limiting parameters representing stock size: Number, basic metabolism, or biomass, summed
either over all ages (3-13), over the young component (3-6), or over the old component (7-12).
Lim. Param.

Ages

3-4

4-5

5-6

6-7

7-8

8-9

9-10

Number:

3-13

0.85

0.78

0.72

0.44

0.19

0.15

0.14

Metabolism:

3-13

0.83

0.71

0.68

0.39

0.28

0.23

0.19

Biomass:

3-13

0.79

0.62

0.62

0.34

0.31

0.27

0.23

Number:

3-6

0.78

0.78

0.69

0.44

0.08

0.12

0.12

Number:

7-12

0.46

0.17

0.28

0.24

0.57

0.09

0.14
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Table 2. Correlation between actual and simulated weight-at-age for the period 1971 to 2007 where the weight-at-age 3
(w3 LVHLWKHU¿[HGHTXDOWRLWVDYHUDJH WRSURZ RUWKHDFWXDOZHLJKW ERWWRPURZ 
Age:

4

5

6

7

8

9

10

11

12

13

Fixed w3:

0.67

0.83

0.83

0.79

0.79

0.84

0.68

0.69

0.63

0.28

Actual w3:

0.75

0.81

0.78

0.74

0.73

0.84

0.70

0.68

0.63

0.26

RIWKHWRWDOVWRFNLQQXPEHU DJHDQGROGHU 
(ICES, 2011a).
:HLJKWDWDJH ZDV VLPXODWHG IURP ZHLJKW
at-age 3 based on the inverted stock number,
DVVXPLQJ WKH GHQVLW\ HIIHFW WR DSSO\ WR VDLWKH DJH
 DQG XVLQJ WKH DYHUDJH JURZWK IRU DJHV  DQG
older. These simulations supported the conclusions
regarding density dependent growth, with high
correlations between actual and simulated weightat-age (Table 2). In addition, the total stock biomass
ZDVIDLUO\ZHOOHVWLPDWHG 3DSHU,,, ZKHQEDVHGRQ
the simulated weights. The model, assuming total
VWRFNQXPEHUEHLQJWKHOLPLWLQJIDFWRUKDGWKHEHVW
¿WZLWKWKHKLJKHVWGHYLDWLRQVLQDJLYHQ\HDUEHLQJ
a 15% underestimate and a 17% overestimate.
7KH FRUUHODWLRQ EHWZHHQ WKH PHDQ JURZWK IRU
DJH  \HDU ROG VDLWKH DQG WKH *, ZDV SRVLWLYH
i.e. saithe grow least when the conditions are best.
Perhaps the most plausible mechanism would be
WKDWWKHJRRGFRQGLWLRQVIURPWKH*,OHDGWRJRRG
recruitment, which in turn reduces the growth due to
GHQVLW\GHSHQGHQFH:LWKUHJDUGVWRWKHROGHUVDLWKH
WKHUHWHQGHGWREHDQHJDWLYHFRUUHODWLRQWRWKH*,
±DQGWKHUHIRUHWKH*,PD\EHDQLQGLFDWRURIIRRG
availability to the largest saithe. This is supported
by the temporal variability in the stomach contents
(Figure 14), which corresponds well with largest
IXOOQHVV LQGH[ LQ WKH SHULRG ZKHQ WKH VXESRODU
gyre has been weak. Blue whiting seems to be
DQ LPSRUWDQW OLQN7KH KLJKHU UHFUXLWPHQW RI EOXH
ZKLWLQJIURPZKHQWKHVXESRODUJ\UH
ZDVZHDNFDQEHVHHQLQWKHVWRPDFKFRQWHQWVRI
Faroe saithe, because it is blue whiting that induces
the largest variability in the stomach contents
(Figure 14), and it is the 0-group blue whiting that
are important to saithe as prey on the Faroe Plateau
(Figure 13). That blue whiting is important as prey
WR VDLWKH LV IXUWKHU VXSSRUWHG E\ WKH E\FDWFK RI
VDLWKHLQWKHEOXHZKLWLQJ¿VKHU\ 3iOVVRQ 
In a preliminary study, there were no clear
conclusions regarding the relationship between
stomach contents in summer and the weight gain
in the subsequent months (Paper V). This may,
KRZHYHULQSDUWEHEHFDXVHVRPHRIWKHXQGHUO\LQJ
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assumptions in that study turned out to be violated,
e.g. in how growth was calculated.
4.4

Migration

0LJUDWLRQ RI VDLWKH ZDV VWXGLHG LQ WZR ZD\V
Probably the most certain, and usual, way to
describe migration is by tagging and recapture. This
was done, using existing datasets (Paper II, Paper
IV).
In addition, seasonal migration was studied as
LQIHUUHG IURP &38( VHULHV DQG FKDQJHV LQ OHQJWK
distributions within an age group throughout the
\HDUIURPFRPPHUFLDOFDWFKHVRIVDLWKHLQ)DURHVH
waters (Paper IV).
 ,QWHUUHJLRQDOPLJUDWLRQRIVDLWKHLQWKH
Northeast Atlantic
The tagging studies were conducted in Icelandic,
Faroese and Norwegian waters. Thus a large
SURSRUWLRQ RI WKH 1RUWKHDVW$WODQWLF ZDV FRYHUHG
although not simultaneously. But the North Sea is
QRWFRYHUHGLQRXUVWXG\:HDUHDZDUHRI6FRWWLVK
WDJJLQJ H[SHULPHQWV FRQGXFWHG IURP 
but these data were not available to us. Preliminary
UHVXOWV IURP WKHVH H[SHULPHQWV ZLOO EH GLVFXVVHG
later on.
The study area was divided into three stockareas, where the Icelandic and Faroese stock areas
ZHUH URXJKO\ HTXDO WR WKH ,&(6GLYLVLRQV IRU
Iceland and Faroes, respectively. The Northeast
Arctic, North Sea and Skagerrak and waters west
RI6FRWODQGZHUHWUHDWHGDVDXQLWEDVHGRQWKHOHVV
obvious boundaries between the stocks, and it was
named the Continental stock area.
<RXQJ¿VKLQDOODUHDVH[KLELWHGORZHPLJUDWLRQ
rates (Paper II), corresponding well to the short
GLVWDQFHV WKHVH ¿VK ZHUH UHFDSWXUHG IURP WKH VLWH
RIWDJJLQJ:LWKLQFUHDVLQJVL]HWKHGLVWDQFHIURP
tagging site increased in all areas (Figure 16),
ZKLFKFRUUHVSRQGVZHOOZLWKWKH¿QGLQJVLQ3DSHU
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1000

800
700
600
500
400
300
200
100
0

DOLPLWDWLRQFDXVHGE\WKHPXFKVPDOOHUVKHOILQWKH
)DURHDUHD7KHUHZHUHDOVRLQGLFDWLRQVRIWKHROGHVW
VDLWKHH[KLELWLQJVKRUWHUGLVWDQFHIURPWDJJLQJVLWH
(Paper II). This could perhaps be explained by a
FRPELQDWLRQ RI VSDZQLQJ VLWH ¿GHOLW\ DQG ODUJHU
saithe being more prone to capture in the spawning
VHDVRQ WKDQ WKH UHVW RI WKH \HDU ZKHQ WKH\ PD\
UHVLGHRXWVLGH¿VKLQJDUHDV
From the Faroese and Icelandic data, it was
VHHQ WKDW WKH PLJUDWHG GLVWDQFHV LQFUHDVHG DIWHU
VDLWKHKDGUHDFKHGOHQJWKVRIFPDQGEH\RQG
FPRI)DURHVHVDLWKHZHUHUHFDSWXUHGRXWVLGH
WKH )DURHVH VWRFN DUHD 7DEOH   8QIRUWXQDWHO\
OHQJWK DW UHFDSWXUH ZDV QRW DYDLODEOH IRU WKH
Norwegian data, so instead time at liberty was
XVHG DV DQ DSSUR[LPDWLRQ RI DJH DVVXPLQJ WKDW
DOO VDLWKH UHFDSWXUHG DIWHU  \HDUV DW OLEHUW\ ZHUH
DGXOWV7KHHPLJUDWLRQUDWHVRIDGXOWVDLWKHGLIIHUHG
DPRQJDUHDVEHLQJORZHVWIRUWKH,FHODQGLF  
LQWHUPHGLDWHIRUWKH&RQWLQHQWDO  DQGKLJKHVW
IRUWKH)DURHVHDUHD  
7R FRPSDUH WKH SURSRUWLRQ RI UHFDSWXUHV
(termed relative recapture percentage (RRP))
among the stock-areas, an idealized scenario was
assumed (Appendix A in Paper II) where saithe
tagged in area A were assumed to migrate all at
RQFH DW D VSHFL¿HG WLPH DIWHU WDJJLQJ WR DUHD %
ZKHUHWKH\UHPDLQHG553ZDVWKHQIRXQGWREHD
JRRGDSSUR[LPDWLRQIRUWKHHPLJUDWLRQUDWHJLYHQ
WKDWWKH¿VKLQJPRUWDOLW\ZDVKLJKHUWKDQWKHQDWXUDO
mortality. The immigration rate was calculated
as the RRP multiplied by the ratio between the
average stock sizes in area A and B in the period
RIUHFDSWXUH
7KHRYHUDOOLPSUHVVLRQIURPWKHWDJJLQJVWXGLHV
LV WKDW WKHUH ZDV D ZHVWZDUG PLJUDWLRQ RI WKH
adult saithe, because there was net immigration to
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< 30 í í í í í í ! 

Distance from tagging site (km)

Length group at recapture (cm)

900
800
700






0

b)

Faroese
Icelandic
Norwegian

í

í

í
í
í
Years at liberty

í

!

Figure 16. Distance between tagging site and site of
recapture. a) Mean distance from tagging site of saithe
tagged in Faroese and Icelandic waters by length group at
recapture. b) Mean distance from tagging site versus time
DWOLEHUW\ IRU¿VKVKRUWHUWKDQFPDWWDJJLQJ 9HUWLFDO
EDUVUHSUHVHQWFRQ¿GHQFHLQWHUYDOV)URP3DSHU,

, WKDW VDLWKH DUH GLVWULEXWHG SURJUHVVLYHO\ IDUWKHU
IURPODQGZLWKLQFUHDVLQJOHQJWKLQ)DURHVHZDWHUV
(Figure 11).
The smallest Faroese saithe were recaptured
VKRUWHUGLVWDQFHVIURPWKHWDJJLQJVLWHWKDQ,FHODQGLF
and Norwegian saithe, which can be interpreted as

Table 3. RRP (relative recapture percentage) in the Faroese, Icelandic and Continental stock areas in relation to the
total number recaptured (with known position), by tagging area. The same variable is presented by all sizes, length at
UHFDSWXUHDQGE\WLPHDWOLEHUW\0RGL¿HGIURP3DSHU,,
Stock-area of recapture

All sizes

> 60 cm

> 3 years at liberty

Recaptures
(n)

Stock-area of tagging

Faroes

Faroes

87.9%

8.3%

3.8%

1214

Iceland

0.4%

99.5%

0.1%

1675

Iceland

Continental

Norway

0.7%

1.0%

98.3%

14733

Faroes

65.7%

26.4%

7.9%

254

Iceland

0.7%

99.2%

0.1%

715

Faroes

57.9%

30.3%

11.8%

152

Iceland

0.8%

99.2%

0.0%

382

Norway

1.6%

5.0%

93.4%

833
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Figure 17. Map showing the estimated migration (in %)
among the Faroese, Icelandic and Continental stock areas
of saithe, where more than 3 years had elapsed between
tagging and recapture. At the start of an arrow, the relative
recapture percentage (RRP) is listed and at the end of an
arrow the immigration percentage is shown. From Paper II.

,FHODQGLF ZDWHUV DQG QHW HPLJUDWLRQ IURP )DURHVH
and Norwegian waters (Figure 17). Clearly,
LQIRUPDWLRQIURPWKHZHVWHUQ1RUWK6HDLVPLVVLQJ
in this picture. From Scottish tagging studies
1973-1979, the preliminary results indicated that
saithe tagged near the Scottish coast tended to
VWD\FORVHWRWKHFRDVWEXWDIWHUDJH¿VKWDJJHG
near Aberdeen were recaptured more widely in the
1RUWK6HDEXWQRQHRXWVLGHWKH1RUWK6HD2I
VDLWKHWDJJHGHDVWRI6KHWODQGZHUHUHWXUQHGDQG
RIWKRVHZHUHUHFDSWXUHGRXWVLGHWKH1RUWK6HD
(Newton, 1984). That would mean a RRP outside
WKH 1RUWK 6HD RI  EXW DOORFDWLQJ WKHVH DPRQJ
the three stock areas is not possible, and we must
DZDLW IXWXUH WDJJLQJ VWXGLHV WR REWDLQ HPLJUDWLRQ
UDWHVIURPWKH1RUWK6HD
7KHUH ZHUH LQGLFDWLRQV RI WHPSRUDO YDULDELOLW\
LQ HPLJUDWLRQ UDWHV IURP )DURHVH DQG 1RUZHJLDQ
waters (Paper II), but they were not statistically
VLJQL¿FDQW'XHWRWKHEURNHQWLPHOLQHRIWDJJLQJ
among the three stock-areas, however, we cannot
VDIHO\FRQFOXGHWKDWWKHPLJUDWLRQUDWHVKDYHEHHQ
constant over the six observed decades. In addition,
WKH HPLJUDWLRQ UDWHV IURP 1RUZHJLDQ WDJJLQJ
experiments were based on tagging along the entire
Norwegian coast line. Jakobsen (1981, 1982),
however, has noted that there is variability in the
PLJUDWLRQ SDWWHUQV RI VDLWKH DORQJ WKH 1RUZHJLDQ
coast, with some components tending to migrate
more northwards and others more southwards. It is
18

SRVVLEOH WKDW UHDQDO\VLV ZRXOG VKRZ WKDW VRPH RI
these components also exhibited higher westward
PLJUDWLRQ UDWHV ± DQG FOHDUHU WHPSRUDO YDULDWLRQV
could be detected.
7KH IRXQG H[WHQW RI PLJUDWLRQ ± DQG WKH
YDULDELOLW\ DPRQJ UHJLRQV ± PD\ ZHOO EH UHODWHG
WRIHHGLQJFRQGLWLRQVRIVDLWKHDQGWKHGLVWULEXWLRQ
RIWKHSUH\VSHFLHV6DLWKHLQ1RUZHJLDQZDWHUVLV
NQRZQ WR IROORZ WKH 1RUZHJLDQ VSULQJ VSDZQLQJ
KHUULQJ 5XQGH  2OVHQ HW DO   DQG D
PDLQ SUH\ RI )DURH VDLWKH WKH EOXH ZKLWLQJ DUH
also distributed near Iceland (Hátún et al., 2009a).
&DSHOLQ DUH D PDLQ FRQVWLWXHQW LQ WKH GLHW RI
,FHODQGLFVDLWKHLQSDUWRIWKH\HDUDQGFDSHOLQLQ
Icelandic waters have a migration pattern that do
not take them near the Faroese or Continental stock
areas (Vilhjálmsson, 2002).
 6HDVRQDOPLJUDWLRQWUHQGV±DVLQIHUUHGIURP
length distributions throughout the year
7KH VHDVRQDO SDWWHUQ LQ WKH ¿VKLQJ DUHD RI WKH
VWDQGDUG FRPPHUFLDO ÀHHW )LJXUH   LV LQGLFDWLRQ
RI VHDVRQDO PLJUDWLRQ LQ VDLWKH 0HDQ ZHLJKWDW
PRQWK YDULHG YHU\ GLIIHUHQWO\ LQ SHULRGV ZKHQ
saithe generally were small as compared to when
they were larger (Paper V). This pattern remained
when length-at-month was considered, and could
WKHUHIRUHQRWEHDWWULEXWHGWRLQYHVWPHQWLQJRQDGV
RU FRQGLWLRQ IDFWRU ,Q 3DSHU ,9 WKLV GHFUHDVH LQ
PHDQOHQJWKZDVLQYHVWLJDWHGLQDGH¿QHGVDPSOLQJ
DUHD ZKLFK LV DOVR RQH RI WKH PDLQ ¿VKLQJ DUHDV
)LJXUH   ± DQG ZKHUH WKH PDLQ VSDZQLQJ DUHD
LV 3DSHU ,  *HQHUDOO\ ZKHQ DOO DYDLODEOH \HDUV
ZHUHSRROHGOHQJWKVRIWKHVDPSOHG¿VKGHFUHDVHG
IURP -DQXDU\ WR $XJXVW )LJXUH  3DSHU ,9 
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)LJXUH7KHOHQJWKDQRPDO\ GH¿QHGLQ3DSHU,9 LQWKH
main sampling area through the year for age groups 4 to 8
on average for cohorts 1986 - 2008. From Paper IV.
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Figure 19. Length distribution of saithe in the main sampling area in January - March (blue) and June - August (red) for
individual age groups averaged over those cohorts for which the mean length for that age group decreased by at least
2 cm from January to August. The graphs on the left hand side are unadjusted. On the right hand side the distributions
IRU-XQH$XJXVWDUHDGMXVWHGVRWKDWWKHDUHDXSWRWKHPD[LPD LQGLFDWHG HTXDOHGWKHDUHDRIWKH-DQXDU\0DUFK
GLVWULEXWLRQIRUWKHVDPHOHQJWKLQWHUYDO7KHIUDFWLRQVRI¿VKWKDWKDYHHPLJUDWHGIURPHDFKDJHJURXSDUHLQGLFDWHG
From Paper IV.
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7DEOH  &RUUHODWLRQ FRHI¿FLHQWV EHWZHHQ WKH ³-DQ$XJ OHQJWKHQLQJ´ ǻ/JA ), the average spawning length, Lsp (JanMarch), and the average length for the whole year LAn for age groups 4 to 9 in the main sampling area. The number of
years for each calculation are shown in brackets. From Paper IV.

'LJA/Lsp:
'LJA/LAn:

Age 4

Age 5

Age 6

Age 7

Age 8

Age 9

-0.44 (17)

-0.74 (17)

-0.83 (17)

-0.87 (17)

-0.18 (15)

0.08 (16)

0.07 (17)

-0.64 (17)

-0.78 (17)

-0.83 (17)

-0.08 (15)

0.21 (16)

From September to December, lengths increased
IROORZLQJWKHDYHUDJHJURZWK 3DSHU,9 
In years, when lengths decreased at least 2 cm
IURP -DQXDU\ WR $XJXVW WKH OHQJWK GLVWULEXWLRQV
ZHUH VKLIWHG WRZDUGV VKRUWHU OHQJWKV GXULQJ -XQH
August as compared with January-March (the
spawning period) (Figure 19). This pattern was
SURQRXQFHG IRU VDLWKH IURP DJH  WR  6LQFH
it could not be interpreted as actual shortening
RI ¿VK HPLJUDWLRQ IURP WKH VDPSOLQJ DUHD ZDV
believed to be a plausible explanation. The change
LQVKDSHRIWKHGLVWULEXWLRQIURP-DQXDU\WR$XJXVW
was consistent with an interpretation, in which
PD[LPXP IUHTXHQF\ OHQJWK LQ VXPPHU ZDV WKH
OHQJWKEHQHDWKZKLFKQR¿VKHPLJUDWHG
5 year old saithe started to emigrate at shorter
lengths than age 6 and 7. For ages 8 and 9 there was
QRDSSDUHQWGLIIHUHQFHLQWKHOHQJWKGLVWULEXWLRQLQ
summer as compared with the spawning period.
The conclusion based on these results is that the
emigration is probably length dependent, with the
ORQJHVW ¿VK LQ DQ DJH JURXS HPLJUDWLQJ IURP WKH
Faroe Plateau early in the year. The critical lengths
REVHUYHG   DQG  FP IRU DJH   DQG 
respectively) are around the time when saithe
PDWXUH VH[XDOO\ DQG WKHUHIRUH D FRPELQDWLRQ RI
IHHGLQJDQGVSDZQLQJPLJUDWLRQLVSODXVLEOHDVLV
also seen Norwegian waters (Olsen et al., 2010).
7KHFRQWLQXRXVLQFUHDVHLQOHQJWKIURP6HSWHPEHU
to December (Figure 18) indicates return migration
during the autumn and winter months.
7KH VKRUWHQLQJ IURP -DQXDU\ WR $XJXVW ZDV
FRUUHODWHGZLWKWKHOHQJWKRIWKHVDLWKHIRUWKHDJH
groups 5 to 7 (Table 4). This result shows that the
longer saithe are at e.g. age 6, the more the length
GLVWULEXWLRQ LV VKLIWHG WRZDUGV VKRUWHU VL]HV LQ
VXPPHU LH WKH ODUJHU WKH SURSRUWLRQ RI VDLWKH LQ
WKDW DJH JURXS WKDW DUH HPLJUDWLQJ IURP WKH DUHD
LQ VXPPHU7KLV LV FRQVLVWHQW ZLWK WKH ¿QGLQJV LQ
Paper V, that in year classes with poorer growth the
ÀXFWXDWLRQVZHUHVPDOOHUWKDQLQ\HDUFODVVHVZLWK
better growth.
:KHQ ORRNLQJ DW GDWD UHSUHVHQWLQJ DOO DUHDV
except the spawning area, a very similar pattern
20

ZDV UHYHDOHG 3DSHU ,9  DQG WKHUHIRUH LW LV QRW
plausible that all saithe had remained in other areas
RQWKH)DURH3ODWHDX+RZIDUVDLWKHHPLJUDWHIURP
WKHVDPSOLQJDUHDLVLPSRVVLEOHWRPDQLIHVWEDVHG
on these data. They may have moved to deeper
waters on the Faroe Plateau, they may have resided
predominantly in the pelagic environment, or they
PD\KDYHIROORZHGDSUH\VSHFLHVWRRWKHUUHJLRQV
in the Northeast Atlantic.
7KH REVHUYHG OHQJWKV DIWHU ZKLFK HPLJUDWLRQ
seems to occur, are between 55 and 65 cm, i.e. in
the range where tagged Faroe saithe are recaptured
in other stock areas (section 4.4.1 and Paper II).
7KLVVXSSRUWVWKHFRQFOXVLRQWKDWWKHVKLIWHGOHQJWK
GLVWULEXWLRQPD\EHDUHVXOWRIHPLJUDWLRQIURPWKH
Faroe Plateau.
7KH )DURHVH WDJJLQJ GDWD IXUWKHU VXSSRUW
WKDW WKH REVHUYHG PLJUDWLRQ LV D FRPELQDWLRQ RI
VSDZQLQJDQGIHHGLQJPLJUDWLRQ 3DSHU,9)LJXUH
  2I ¿VK WDJJHG RQ WKH )DURH 3ODWHDX WKH
PDMRULW\RIWKHVDLWKHUHFDSWXUHGLQ,FHODQGLFZDWHUV
were recaptured there in the summer months. The
UHFDSWXUHVLQ)DURHVHZDWHUVZHUHPRVWIUHTXHQWLQ
WKH VSDZQLQJ SHULRG :LWK UHJDUGV WR ¿VK WDJJHG
on the Faroe Bank, most recaptures in Continental
ZDWHUV DVGH¿QHGLQ3DSHU,, ZHUHLQWKHVSDZQLQJ
period. Recaptures on the Faroe Bank, on the other
hand, were most numerous in the summer months.
The numbers are low, but rather convincing
and a possible interpretation is that these are
SUHGRPLQDQWO\ &RQWLQHQWDO VDLWKH IHHGLQJ RQ WKH
)DURH%DQN7KH:\YLOOH7KRPSVRQ5LGJH )LJXUH
1) is actually a shallower passage to the Faroe Bank
than crossing the Faroe Bank Channel, and the
tagging experiments were primarily conducted in
the summer months, which makes this hypothesis
plausible.
4.4.3 Virtual Population Analysis (VPA) including
HPLJUDWLRQIURP)DURHVHZDWHUV
7KURXJKRXW WKLV WKHVLV WKH WRWDO VL]H RI WKH VDLWKH
stock has been used in various analyses. A weakness,
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Figure 20. Number of tagged saithe recaptured in the Faroe area, the Iceland area, and the Continental area from
taggings on the Faroe Plateau (top row) and on the Faroe Bank (bottom row). Grey bars indicate saithe longer than 60
cm when recaptured. From Paper IV.

within Faroese waters, which is not necessarily
WKH FDVH $GGLWLRQDOO\ GLIIHUHQFHV RYHU \HDUV LQ
GLVWULEXWLRQ RI SUH\ VSHFLHV HJ EOXH ZKLWLQJ
and herring, may induce variable migration rates.
:H EHOLHYH WKRXJK WKDW WKH KLJK FRUUHODWLRQ
350
300
Number (millions)

in using these data, is that the stock estimates based
on VPA do not include migration, but we have
GHPRQVWUDWHG WKDW D VLJQL¿FDQW SURSRUWLRQ RI WKH
UHFDSWXUHVRIVDLWKHWDJJHGLQ)DURHVHZDWHUVZHUH
IURPRXWVLGH)DURHVHZDWHUV 3DSHU,, 
,Q93$DQDO\VHVWKHHIIHFWVRIPLJUDWLRQRQWKH
stock estimates were tested (Paper IV). One case
(red curve in Figure 21) assumed constant migration
RI  IRU DJHV  DQG ROGHU 7KHVH QXPEHUV DUH
WDNHQIURP3DSHU,,ZKHUHPRUHWKDQRI)DURH
saithe were recaptured outside Faroese waters when
saithe were longer than 60 cm or older than 5 years.
This case resulted in stock variations very similar
to the variations in the case with no migration, but
with a higher biomass. Assuming length dependent
PLJUDWLRQ RI DJHV  WR  3DSHU ,9  DOVR OHG WR
similar variations (blue curve in Figure 21), but
smaller stock sizes, as compared with constant
migration, in periods when stock size is large (and
individual saithe smaller).
,Q WKHVH VLPSOL¿HG FDVHV RI HVWLPDWLQJ WKH
HIIHFW RI PLJUDWLRQ RQ VWRFN VL]H RQH DVVXPSWLRQ
is that there is no immigration to Faroese waters.
Another assumption is that when saithe are outside
Faroese waters the total mortality is the same as
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Figure 21. The total number in the stock as computed by
VPA in three different cases. The black curve assumes no
migration, whereas the two coloured curves represent two
different types of migration behaviour described in the text.
From Paper IV.
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EHWZHHQ WKH PLJUDWLRQPRGL¿HG VWRFN HVWLPDWHV
DV FRPSDUHG WR WKH RI¿FLDO VWRFN HVWLPDWHV 5 
0.976) (Paper IV), indicate that temporal variability
LQWKHRI¿FLDOVWRFNHVWLPDWHVSUREDEO\UHÀHFW³WKH
reality” well, in a relative sense, although not in
DEVROXWH QXPEHUV 7KLV IXUWKHUPRUH LPSOLHV WKDW
relationships that have been deduced by correlating
ZLWK WKH RI¿FLDO VWRFN QXPEHUV IURP ,&(6 PD\
VWLOOEHYDOLGHYHQLIPLJUDWLRQFKDQJHVWKHDEVROXWH
VWRFNQXPEHUV([DPSOHVRIVXFKUHODWLRQVKLSVDUH
UHODWLRQV EHWZHHQ VDLWKH UHFUXLWPHQW DQG IRRG LQ
the juvenile phase and density dependent growth
(Paper III).
 7KHHIIHFWVRIFOLPDWHDQGRFHDQFXUUHQWVRQ
Faroe saithe

Biomass (thousands of tonnes)

,QWKHEHJLQQLQJRIWKHSURMHFW SDSHU9 WKHUHZDV
PXFK IRFXV RQ WKH KLJK FRUUHODWLRQ EHWZHHQ WRWDO
VWRFNELRPDVVRI)DURHVDLWKH DJHDQGROGHU DQG
WKH *, )LJXUH   ZKHUH WKH VDLWKH ELRPDVV ZDV
ODJJHG\HDUVEHKLQG )LJXUHVDQG 7KHOLQHRI
UHDVRQLQJIRUWKLVODJZDVWKDWLWWDNHVWLPHIRUWKH
ZHDNHQHGVXESRODUJ\UHWRDIIHFWWKHKLJKHUWURSKLF
levels in the region, e.g. blue whiting (Hátún et al.,
D +iW~Q HW DO E  ZKLFK VDLWKH SUH\
XSRQ%XWLWLVQRWSODXVLEOHWKDWLWLVPHUHO\IRRG
DYDLODELOLW\LQWKHRXWHUDUHDVRIWKH)DURH3ODWHDX
HJ LQFUHDVHG DEXQGDQFH RI VPDOO EOXH ZKLWLQJ
because the stock biomass is dominated by young
saithe (ICES, 2011), which to a greater degree
reside in the shallower areas, where blue whiting is
QRWDELJSDUWRIWKHGLHW 3DSHU, 
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Figure 22. Total stock biomass (age 3 and older) of saithe
in Faroese waters (bars) and the inverted Gyre Index
(continuous line), based on simulated data (1960-1993)
and sea surface height measurements (1993-2011). GI is
shifted 4 years ahead.
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7KHHIIHFWRQVDLWKHE\FOLPDWHLVUDWKHUDPL[HG
HIIHFWRIERWKWKHSULPDU\SURGXFWLRQRQWKH)DURH
VKHOIDQGWKHVXESRODUJ\UH5HFUXLWPHQWRIVDLWKH
DW DJH  WR WKH ¿VKDEOH VWRFN PD\ LQFUHDVH E\ L 
WKH HQKDQFLQJ HIIHFWV RQ UHFUXLWPHQW E\ D ZHDN
VXEWURSLFDOJ\UHDWWLPHRIKDWFKLQJRUUHFUXLWPHQW
DW DJH  DQG LL  JRRG IHHGLQJ FRQGLWLRQV ZKHQ
JURXS ELRPDVVHV RI VDQGHHO DQG 1RUZD\ SRXW
are large, which in turn, is linked to the primary
SURGXFWLRQRQWKH)DURHVKHOI$GXOWVDLWKHVHHPWR
H[SHULHQFHLQFUHDVHGIRRGDYDLODELOLW\LQWKHGHHSHU
ZDWHUVRIWKH)DURH3ODWHDXZKHQWKHVXESRODUJ\UH
is weak.
$OWKRXJK RXU RULJLQDO K\SRWKHVLV RI GRPLQDQW
FRQWURO IURP WKH VXESRODU J\UH RQ )DURH VDLWKH
KDV EHHQ ZHDNHQHG E\ WKH UHVXOWV RI WKH SURMHFW
FOLPDWH YDULDWLRQV PD\ VWLOO EH YHU\ LPSRUWDQW IRU
VHYHUDO DVSHFW RI WKH )DURH VDLWKH VWRFN 7KURXJK
WKHHIIHFWRQWKHSULPDU\SURGXFWLRQLQWKHVKDOORZ
waters, climate variations may control the amount
RI IRRG DYDLODEOH WR MXYHQLOH VDLWKH ZKLFK VHHPV
to control recruitment. Recruitment then controls
JURZWKWKURXJKGHQVLW\GHSHQGHQFHZKLFKDIIHFWV
migration through length dependence. Added
WR WKLV DUH WKH HIIHFWV IURP WKH VXESRODU J\UH
variations. Indirectly, climate variations thus may
KDYH VWURQJ HIIHFWV RQ UHFUXLWPHQW JURZWK DQG
PLJUDWLRQRI)DURHVDLWKH
 2XWFRPHRIWKH3K'SURMHFWLQUHODWLRQWR
management
7KHVFLHQWL¿FRXWFRPHRIWKLV3K'SURMHFWLVQRW
ready to use in assessment at present, but it is hoped
WKDWWKHSUHVHQWHGNQRZOHGJHZLOOSDYHWKHZD\IRU
LPSOHPHQWLQJ LPSRUWDQW ELRORJLFDO ¿QGLQJV LQ WKH
PDQDJHPHQWRIWKH)DURHVDLWKH
7KH PLJUDWLQJ EHKDYLRXU RI VDLWKH LV IRXQG
WR DIIHFW WKH VWRFNV LQ WKH 1RUWKHDVW $WODQWLF
GLIIHUHQWO\ 3DSHU,, $WWKLVVWDJHLWLVQRWSRVVLEOH
to implement the increased knowledge directly in
the assessment because the available data are not
detailed enough neither spatially nor temporally.
7KH IRXQG HPLJUDWLRQ UDWHV IRU WKH DGXOW )DURHVH
VDLWKH DUH RI VXFK PDJQLWXGH   WKDW
migration is believed to impact the stock (Paper II).
7KH 93$DQDO\VLV LQFOXGLQJ VLPSOH VFHQDULRV IRU
migration, on the other hand, gives the impression
WKDWWKHWHPSRUDOYDULDELOLW\LQVWRFNVL]HRI)DURH
saithe may not be much altered by migration (Paper
IV).

The discovered links between recruitment and
ERWKIRRGDYDLODELOLW\WRMXYHQLOHVDLWKHDQGGULYHUV
RI WKH HFRV\VWHPV 3DSHU ,,,  SURYLGHV SRWHQWLDO
IRUSUHGLFWLQJWKHUHFUXLWPHQWDFRXSOHRI\HDUVLQ
advance. Further analyses are needed, though, to
GHFLGHWKHSUHGLFWLYHVWUHQJWKRIWKHVHOLQNV



0DLQ¿QGLQJV

Faroe saithe spawns in February on the eastern side
RI WKH )DURH 3ODWHDX 7KH JURZWK RI )DURH VDLWKH
LV VLPLODU IRU IHPDOHV DQG PDOHV DQG WKH IHPDOHV
mature a year later (6.1 years) than males. The
PDLQGLHWRI)DURHVDLWKHFRQVLVWVRIEOXHZKLWLQJ
Norway pout, sandeel and euphausiids, where blue
whiting becomes increasingly important with age,
UHÀHFWLQJ GHHSHU GLVWULEXWLRQ RI ERWK DGXOW VDLWKH
and blue whiting on the Faroe Plateau.
5HFUXLWPHQW RI )DURH VDLWKH LV OLQNHG WR
SULPDU\SURGXFWLRQRQWKH)DURHVKHOIPDLQO\YLD
WKHDYDLODELOLW\RIVDQGHHODQG1RUZD\SRXWLQWKH
MXYHQLOHSKDVHRIVDLWKH3HUKDSVUHFUXLWPHQWLVDOVR
improved by enhanced conditions in the deeper
ZDWHUVRIWKH)DURH3ODWHDXLQGXFHGE\DZHDNHQHG
VXESRODU J\UH DW HLWKHU WKH WLPH RI KDWFKLQJ RU
when saithe enter the deeper waters.
7KHJURZWKRI)DURHVDLWKHLVGHQVLW\GHSHQGHQW
IRUDWOHDVWDJHVWRDQGWKHQXPEHURIVDLWKHLQ
WKHVWRFNVHHPHGWREHWKHOLPLWLQJIDFWRUDOWKRXJK
biomass also gave high correlations. For the
ROGHVW DJHV QR VXFK GHQVLW\ HIIHFW RQ JURZWK ZDV
detectable.
(PLJUDWLRQ UDWH RI VDLWKH IURP )DURHVH
ZDWHUV ZDV IRXQG WR EH  ZKHQ WKH\ ZHUH 
FP RU ORQJHU $IWHU  \HDUV DW OLEHUW\  ZHUH
UHFDSWXUHG HOVHZKHUH 7KH FRUUHVSRQGLQJ ¿JXUHV
IRU1RUZHJLDQDQG,FHODQGLFVDLWKHZHUHDQG
less than 1% respectively. The immigration rates
to Faroese waters were lower than the emigration
UDWHV DOWKRXJK PLVVLQJ GDWD IRU 1RUWK 6HD VDLWKH
PD\H[SODLQVRPHRIWKLV
:KHQVDLWKHDUHWR\HDUVROGSDUWRIWKHP
has reached some critical length and a seasonal
migration pattern becomes apparent. The observed
SDWWHUQLQFOXGHVHPLJUDWLRQIURPWKH)DURH3ODWHDX
in the summer months and return in the winter
PRQWKV7KHPLJUDWLRQLVVHHQDVDVKLIWLQWKHOHQJWK
distributions. The critical lengths observed are
around the length, when saithe mature sexually, and
WKHUHIRUH D FRPELQDWLRQ RI IHHGLQJ DQG VSDZQLQJ

migration is a plausible explanation. Feeding
PLJUDWLRQV LQ VXPPHU DUH IXUWKHU VXSSRUWHG E\
tagging data, showing many saithe tagged on the
Faroe Plateau were recaptured in Icelandic waters
LQWKHVXPPHUPRQWKVEXWRQO\IHZLQWKHVSDZQLQJ
period.
$ PRGL¿HG 93$ LQFOXGLQJ VLPSOH PLJUDWLRQ
behaviour indicates that the relative stock variation
DQG ¿VKLQJ PRUWDOLW\ IURP WKH RI¿FLDO VWRFN
DVVHVVPHQWV DSSHDU QRW WR EH PXFK PRGL¿HG E\
migration, although the absolute numbers may be
underestimated.

6

Outlook

,QWKLVVWXG\FRUUHODWLRQVZHUHIRXQGEHWZHHQWKH
UHFUXLWPHQWRIVDLWKHDQGWKHDYDLODELOLW\RIJURXS
sandeel and Norway pout. The actual sampling
RI MXYHQLOH VDLWKH KRZHYHU LV VFDUFH LQ WKH FDWFK
method (bottom trawl) used in the primary source
IRU ELRORJLFDO LQIRUPDWLRQ RQ VDLWKH 7KH ZRUN
presented in Bertelsen (1942) provides good
LQIRUPDWLRQ RQ MXYHQLOH VDLWKH EXW WKH GHVLJQ RI
WKRVH VWXGLHV GRHV QRW DOORZ IRU FRPSDULVRQ RYHU
\HDUV VLQFH RIWHQ WKH VDPSOLQJ DUHD DQG WLPLQJ
YDULHG DPRQJ \HDUV )XWXUH UHVHDUFK VKRXOG IRFXV
RQVKDOORZZDWHUVWRREWDLQEHWWHUHVWLPDWHVRIHJ
GLHW RI MXYHQLOH GHPHUVDO ¿VK *LYHQ WKH WURSKLF
pathways presented in Paper VI, such studies
should not be limited to e.g. saithe and cod, but
should aim at mapping shallow water ecosystems
in a wider sense.
The results obtained regarding migration (Paper
II, Paper IV) have led to several new questions. Is the
migration among regions in the Northeast Atlantic
a permanent migration, or is it recurring migration
EHWZHHQ VSDZQLQJ DQG IHHGLQJ DUHDV" 7KHUH DUH
LQGLFDWLRQV RI PLJUDWLRQ EHWZHHQ VSDZQLQJ DQG
IHHGLQJ DUHDV 3DSHU ,9 2OVHQ HW DO   EXW
these questions are best addressed by tagging saithe
with Data Storage Tags (DST-tags), as has already
been done in Icelandic waters (Armannsson and
Jónsson, submitted).
:LWKUHJDUGVWRPLJUDWLRQDPRQJWKHUHJLRQVLQ
the Northeast Atlantic, internationally coordinated
tagging studies using traditional tags (e.g. T-bar
WDJV DUHQHHGHGWRGHVFULEHPLJUDWLRQEHKDYLRXURI
VDLWKHVXI¿FLHQWO\ZKHUHVDLWKHLQDOODUHDVQHHGWR
EHWDJJHGVLPXOWDQHRXVO\DQGIRUDQXPEHURI\HDUV
This is very labour consuming, since it requires
23

MRLQW HIIRUWV RYHU VHYHUDO \HDUV ,Q DGGLWLRQ RWKHU
research needs to be done, e.g. studies on reporting
UDWHVDQG¿VKLQJSDWWHUQVLQWKHGLIIHUHQWDUHDV
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Abstract
Saithe (Pollachius virens) stocks in the Northeast Atlantic intermingle as a result of migration between stock
DUHDV7KHH[WHQWRIPLJUDWLRQKDVEHHQSRRUO\TXDQWL¿HG+HUHZHHVWLPDWHPHDVXUHVRIWKHPLJUDWLRQ
based on existing tagging data from Icelandic, Faroese and Continental (Scotland, North Sea and Norway)
waters. Icelandic saithe were seldom caught outside Icelandic waters (less than 1% of tag returns), whereas
42% of adult saithe tagged in Faroese waters were recaptured outside Faroese waters. Only 6.6% of adult
saithe tagged in Norwegian waters were recaptured outside Continental waters. In broad terms, there was
a net migration of saithe towards Icelandic waters. The distance between tagging and recapture increased
with increasing size/age, with the Norwegian saithe moving the longest distances. The observed migration
rates indicate that simultaneous tagging experiments in the entire Northeast Atlantic should be conducted
to improve the accuracy of stock assessments of saithe in this region.
Key words: Saithe, Pollachius virens, migration, Northeast Atlantic, tagging.

Introduction
Saithe (Pollachius virens) is a commercially
important species and is widespread in the
Northeast Atlantic (from the Barents Sea in the
north to the Bay of Biscay in south, also around
Iceland and East Greenland). Saithe is regarded
DV D GHPHUVDO ¿VK EXW LW GRHV H[KLELW SHODJLF
behaviour as well (Bergstad, 1991; Stensholt et
al., 2002; Neilson et al., 2003; Armannsson and
Jónsson, submitted). The pelagic behaviour is also
UHÀHFWHGLQWKHGLHWZKLFKLVQRWGLUHFWO\DVVRFLDWHG
ZLWKWKHVHDÀRRUHJSHODJLFFUXVWDFHDQVVXFKDV
copepods, euphausiids, and amphipods (Nedreaas,

1987; Bergstad, 1991; Højgaard, 1999; Jaworski
and Ragnarsson, 2006; Homrum et al., 2012), and
¿VKHVVXFKDV1RUZD\SRXW Trisopterus esmarkii),
blue whiting (Micromesistius poutassou), herring
(Clupea harengus), sandeel (Ammodytidae) and
capelin (Mallotus villosus) (Pálsson, 1983; Du Buit,
1991; Bergstad, 1991; Jónsson, 1996; Jaworski and
Ragnarsson, 2006; Olsen et al., 2010; Homrum
et al., 2012). Juvenile saithe reside in inshore
ZDWHUV WKH ¿UVW  \HDUV %HUWHOVHQ  &OD\
et al., 1989; Armannsson et al., 2007). As adults,
saithe move to offshore waters (Jones and Jónsson,
1

1971; Homrum et al., 2012) and exhibit seasonal
migrations between spawning and feeding areas
(Jones and Jónsson 1971; Olsen et al., 2010).
An interesting question is, to what extent
such seasonal migrations may extend into foreign
waters. Jakobsen and Olsen (1987) found that adult
saithe, tagged in northern Norway, emigrated to
Icelandic waters and, to a lesser degree, to Faroese
ZDWHUV$OVR VLJQL¿FDQW FKDQJHV LQ OHQJWK DW DJH
from one year to another have been interpreted
as immigration of saithe to Icelandic waters
(Jonsson, 1996; ICES, 2000). Tagging in the
Faroe area (Jones and Jónsson, 1971) showed that
considerable proportions of saithe tagged on the
Faroe Bank were recaptured in Icelandic waters, at
North and West Scotland, and in the northern North
Sea. In Icelandic waters, juvenile saithe appear to

KDYHKLJKDI¿QLW\WRWKHDUHDRIWDJJLQJDQGWKHUH
is no indication of mass emigration from Icelandic
waters (Jones and Jónsson, 1971; Armannsson et
al., 2007).
Although studies have been made regionally,
no integrated study of migration within the saithe
complex in the Northeast Atlantic has been
published, and some of the data sets have increased
substantially since the earlier publications. Based
on these updated data sets, we here attempt to
estimate quantitative measures of the migration
among the distinct stocks of saithe in the Northeast
Atlantic. To do this, we have compiled the available
updated information on recaptures of saithe tagged
in Icelandic, Faroese and Norwegian waters. From
this information, and other pertinent data on the
stocks, we estimate the migration rates among
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Figure 1. Study area. Stock areas (black lines), ICES areas (gray lines). Tagging localities (black points) and recaptures
(grey circles) are shown as well, by statistical rectangle for Norwegian experiments.
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stocks and to what extent they depend on individual
¿VKOHQJWKDQGWLPHEHWZHHQWDJJLQJDQGUHFDSWXUH

Material and methods
Within the advisory framework of ICES, saithe is
treated as four separate stocks: Icelandic (Division
Va) (ICES 2010a), Faroese (Division Vb) (ICES
2010a), Northeast Arctic (Subareas I and II) (ICES
2010b) and North Sea, Skagerrak and West of
Scotland/Rockall (Subarea IV, Division IIIa and
Subarea VI) (ICES 2010c), (Figure 1). Saithe west
of Scotland was earlier treated as a separate stock
in the advice, and is still managed separately. These
four stocks have in this study been allocated to
WKUHH VHSDUDWH ³VWRFN DUHDV´ ZKLFK DUH GH¿QHG LQ
Figure 1. The Icelandic and Faroese stock areas
roughly contain the respective ICES divisions,
but are enlarged to include recaptures in the
vicinity of the stock area. The Northeast Arctic
and the North Sea and Skagerrak (North Sea)
stocks are divided at 62°N in the ICES advisory
framework. This division is not associated with
any clear topographic, hydrographic or biological
boundary, although the two stocks have clearly
distinct recruitment patterns. Saithe tagged short
distances north of 62°N were frequently recaptured
south of this border and, less frequently, vice versa
(Jakobsen, 1981). In this study, we therefore treat
Northeast Arctic and North Sea as one stock area,
which we term the “Continental” (Figure 1).

Tagging
Icelandic waters: A total of 19 919 saithe were
tagged in shallow waters at different locations
around Iceland from 2000 to 2010 (Table 1).
Tagging intensity was highest in 2003 with 5400
tagged saithe, while no saithe were tagged in 2005
and 2006. Mean size at tagging varied from 43 to
50 cm among years. For detailed descriptions, see
Armannsson et al., (2007), which is based on the
same data (up to 2005), as used in this study.
Faroese waters: A total of 13 736 saithe were
tagged in Faroese waters from 1959 to 1991 (Table
1). The tagging intensity varied over time, ranging
IURP  WDJJHG ¿VK LQ  WR  LQ  7KH
mean length of saithe in these experiments varied
from 34 to 71 cm. The data originated from four
tagging experiments. British experiments in 19591967 were primarily on the Faroe Bank (using
trawl). This resulted in larger mean size of the
WDJJHG ¿VK WKDQ IURP WKH )DURHVH H[SHULPHQWV
which were concentrated in shallower waters where
juvenile saithe resided (Bertelsen, 1942; Homrum
et al., 2012). The Faroese taggings were conducted
in 1959-1967, 1975-1976, and 1991.
Norwegian waters: The tagging experiments in
Norwegian waters were the most comprehensive,
covering varying parts of the Norwegian coast
from 1954 to 1980 with 78 264 saithe tagged (Table
1). The tagging intensity varied considerably as
did the main areas of tagging and the mean size
RIWKHWDJJHG¿VK,QWKHEHJLQQLQJRIWKHSURMHFW
emphasis was on the northern part of the coastline

Table 1. Number of saithe tagged in Icelandic, Faroese and Norwegian waters, number and percentages recaptured.
Mean length, main catch method when tagged and tag type are also indicated.
Tagging country

Iceland
n

Tagged

Faroes
(%)

19919

n

Norway
(%)

13736

n

(%)

78264

Recaptured
all
recapture length > 60 cm
3 years at liberty
length at tagging < 50 cm

1899

9.5

1513

11.0

787

4.0

355

2.6

15374

19.6

406

2.0

214

1.6

901

1.2

1278

6.4

1360

9.9

8916

11.4

Mean length

45 cm

39 cm

50 cm

Main catch method when tagged

Jigging

Trawl, net, trolling

Purse seine

Main tag type

T-bar anchor tags

Lea, anchor, Carlin

Lea
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DQGWKH¿VKZHUHODUJHU PHDQVL]H§FP ODWHU
in the project, there was a wider coverage along the
coastline, and the tagged saithe were smaller (mean
VL]H§FP 
Recapture
In this study, we based our analyses on the time,
SRVLWLRQ DQG ¿VK OHQJWK DW WDJJLQJ DQG UHFDSWXUH
The “relative recapture percentage” (RRP) for one
VWRFN DUHD ZDV GH¿QHG DV WKH SHUFHQWDJH RI ¿VK
recaptured in that stock area in relation to the total
QXPEHU RI UHFDSWXUHG ¿VK ZLWK UHSRUWHG ORFDWLRQ
from that tagging. The “distance from tagging
site” denoted the straight-line distance (sometimes
crossing land) between the position at tagging and
the position at recapture. The “time at liberty”
denoted the time in years elapsed between tagging
and recapture.
Unfortunately, length at recapture was not
available for saithe tagged in Norwegian waters,
and therefore, analyses regarding recapture length
apply only to the Icelandic and Faroese data. Based
on tagging lengths, almost all the saithe tagged were
estimated to be at least 2 years old. Fish that have
spent at least 3 years at liberty would thus be at least
5 years old and be roughly 60 cm or more in length
(Moguedet et al., 1987; Homrum et al., 2012; S. Þ.
Jónsson, unpublished data). Therefore, two criteria
(larger than 60 cm and more than 3 years at liberty)
were used to distinguish between the migratory
behaviour of young and adult saithe. This division
into young and adult saithe is related to the sexual
PDWXULW\RI¿VKVLQFHRIVDLWKHKDYHPDWXUHG
sexually around age 5-6 (ICES 2010a; ICES 2010b;
ICES 2010c; Homrum et al., 2012).
Emigration and immigration rates
In this study, the observed RRP in a stock area, of
saithe tagged in another stock area, are considered
representative for the emigration rate from the
latter to the former. This interpretation may to some
extent depend on the detailed migrating behaviour
DQG ¿VKLQJ PRUWDOLWLHV LQ WKH GLIIHUHQW DUHDV EXW
PD\EHMXVWL¿HGIRUVRPHVLPSOHVFHQDULRVHJWKH
PRGHOSUHVHQWHGLQ$SSHQGL[$DVORQJDV¿VKLQJ
mortalities exceed natural mortality. To quantify the
HIIHFWRIPLJUDWLRQRQWKHUHFHLYLQJVWRFNZHGH¿QH
the immigration percentage, IP, as the RRP scaled
4

by the ratio between stock sizes (in numbers) of
DGXOW¿VKLQWKHGRQDWLQJDQGUHFHLYLQJVWRFNDUHDV
$SSHQGL[$  6WRFN VL]HV DQG ¿VKLQJ PRUWDOLWLHV
(Figure B1 in Appendix B) were acquired from the
ICES assessments (ICES, 2010a; 2010b; 2010c).
For the Icelandic saithe, the most recent reports
contain data only back to 1980. To extend the
Icelandic series back to 1960, assessment results
from older reports were used (ICES 1978; 1987).
7KHVH VWRFN GDWD ZHUH DJJUHJDWHG IRU DGXOW ¿VK
GH¿QHG DV DJHV  WR   WR DFTXLUH WKH UDWLRV
between stock sizes among stock areas.

Results
The migrated distance from tagging site increased
with increasing recapture length and age of saithe
(up to 80 cm and 5 years of liberty) in all areas.
The relationship was more pronounced in some
areas than in others (Figures 2a and b). For saithe in
the Faroese and Icelandic stock areas the distance
from tagging site levelled off around 200-300 km.
Distances from tagging site of saithe, either smaller
WKDQFPRUGXULQJWKH¿UVW\HDUDWOLEHUW\ZHUH
shortest for Faroese saithe. The migrated distances
were largest for Norwegian saithe, except during
WKH ¿UVW \HDU DW OLEHUW\ ZKHQ WKH GLVWDQFH ZDV
comparable to that of Icelandic saithe. Distance
from tagging site versus length at tagging by time
at liberty is provided for the Norwegian data only
(Figure 2c). The youngest saithe moved the shortest
distances from the tagging site. For saithe larger
than 90 cm, there was a tendency towards shorter
distances than for the 60-90 cm long saithe.
With respect to migration among stock areas, it
ZDVIRXQGWKDWGXULQJWKH¿UVWRQHRUWZR\HDUVDW
liberty, saithe were generally not recaptured outside
their stock area (Table 2). Adult saithe (> 60 cm or at
least 3 years at liberty) did, to some extent, migrate
among the stock areas (Table 2), but the RRP varied
VLJQL¿FDQWO\DPRQJVWRFNDUHDV ȤWHVWVIRUVDLWKH
larger than 60 cm: p<0.001, df = 2; more than 3 years
at liberty: p<0.001, df = 3). Adult saithe tagged in
the Faroese stock area were frequently recaptured
in foreign stock areas – beyond 3 years at liberty,
42% were recaptured outside the Faroese stock
area. Adult Icelandic saithe, on the other extreme,
were seldom recaptured outside the Icelandic stock
area (0.8%) (Table 2). The recaptures of Icelandic
tags in the Faroese stock area derived exclusively
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c)

experiments covered several decades. The
emigration from Faroese to Icelandic waters
varied inter-annually between 23 and 47% and
the emigration from Faroese to Continental waters
varied between 0 and 27% (time at liberty > 3 years,
Table 3). The emigration from Norwegian waters to
Icelandic waters varied inter-annually between 2.3
and 7%, and to Faroese waters between 0 and 2.3%
(Table 3). None of these variations were statistically
VLJQL¿FDQW ȤWHVWV 1RUZHJLDQ H[SHULPHQWV S 
0.94, df = 6, Faroese experiments: p = 0.89, df = 4).
Emigration from one stock area implies
LPPLJUDWLRQ WR DQRWKHU EXW WKH UHODWLYH LQÀXHQFH
depends on the stock sizes. The migration among
stock areas is summarized in Figure 3. Emigration
from a certain stock area was described by the
observed RRP (Table 2, where time at liberty
exceeds 3 years). The largest IP values (immigration
rates) were to Iceland (14% from the Faroese and
16% from the Continental stock area) and the
lowest to the Continental stock area (0% from the
Icelandic and 1% from the Faroese stock area). The
immigration to the Faroese stock area was 1% from
the Icelandic and 12% from the Continental stock
area.

Discussion

< 30 í í í í í í >= 90

Length group at tagging (cm)

Figure 2. Distance between tagging site and site of
recapture. a) Mean distance from tagging site of saithe
tagged in Faroese and Icelandic waters by length group
at recapture. b) Mean distance from tagging site versus
WLPH DW OLEHUW\ IRU ¿VK VPDOOHU WKDQ  FP DW WDJJLQJ 
c) Mean distance from tagging site of Norwegian saithe
versus length at tagging – by years at liberty as indicated in
OHJHQG9HUWLFDOEDUVUHSUHVHQWFRQ¿GHQFHLQWHUYDOV

from tagging locations on the east coast of Iceland,
while the tagging intensity was higher on the
north coast. The RRP for adult saithe, tagged in
Norwegian waters, outside the Continental stock
area was intermediate at 6.6%.
The temporal variation in the inter-area
migration pattern was only investigated for
Faroese and Norwegian saithe, where the tagging

2XU ¿QGLQJV VXJJHVW WKDW WKH PLJUDWLRQ UDWHV RI
saithe in the Northeast Atlantic vary considerably
among stock areas, and this is in line with previous
publications (Jones and Jónsson, 1971; Jakobsen
and Olsen, 1987; Armannsson et al., 2007). Young
¿VK LQ DOO VWRFN DUHDV H[KLELWHG ORZ HPLJUDWLRQ
rates, corresponding well to the short distances
IURP WDJJLQJ VLWH )RU DGXOW ¿VK WKH GLVWDQFH
from tagging site increased in all areas, and the
emigration rates differed among areas, being
lowest for the Icelandic (0.8%), intermediate for
the Continental (6.6%), and highest for the Faroese
stock area (42%).
Working with tagging data is associated with
limitations. The observed migration patterns are
affected by several factors. One factor is differences
in tag-loss among tag-types (Fowler and Stobo,
1991), which have varied considerably among the
tagging experiments in this study. Variations in tagloss will not affect our main conclusions, however,
LIZHDVVXPHWKDWORVVHVRIVSHFL¿FWDJW\SHVGRQRW
vary between areas of recapture. There are other
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6

Years at liberty

All length groups

Length at
recapture (cm)

100.0%

99.3%

98.4%

100.0%

100.0%

100.0%

[ 40, 50)

[ 50, 60)

[ 60, 70)

[ 70, 80)

[ 80, 90)

[ 90,100)

[100,120]

100.0%

99.6%

99.3%

99.1%

98.8%

100.0%

100.0%

99.5%

99.2%

1-2

2-3

3-4

4-5

5-6

>6

Total

>3

99.2%

0-1

> 60 cm

99.5%

99.5%

100.0%

[ 30, 40)

NA

-

100.0%

[ 26, 30)

0.8%

0.4%

0.0%

0.0%

1.2%

0.9%

0.5%

0.4%

0.0%

0.7%

0.4%

0.5%

0.0%

0.0%

0.0%

1.1%

0.7%

0.0%

0.0%

0.0%

-

Faroes

Recapture stock area

Iceland

Iceland

Tagging stock area

0.0%

0.1%

0.0%

0.0%

0.0%

0.0%

0.2%

0.0%

0.0%

0.1%

0.1%

0.0%

0.0%

0.0%

0.0%

0.5%

0.0%

0.0%

0.0%

0.0%

-

Contin.

382

1623

27

46

86

223

440

460

341

715

1675

394

9

21

74

189

422

474

91

1

0

Recaptures (n)

Faroes

30.3%

8.3%

13.0%

37.5%

40.0%

27.7%

18.8%

9.6%

0.5%

26.4%

8.3%

4.4%

50.0%

11.1%

27.5%

29.3%

24.1%

10.5%

1.0%

57.9%

88.0%

69.6%

45.8%

52.5%

61.5%

73.9%

86.4%

98.6%

65.7%

87.9%

90.1%

50.0%

77.8%

60.8%

61.0%

71.3%

86.3%

98.5%

0.0% 100.0%

0.0% 100.0%

Iceland

Faroes

11.8%

3.7%

17.4%

16.7%

7.5%

10.8%

7.2%

4.0%

0.9%

7.9%

3.8%

5.5%

0.0%

11.1%

11.8%

9.8%

4.6%

3.3%

0.5%

0.0%

0.0%

Contin.

152

1213

23

24

40

65

138

272

651

254

1214

365

4

9

51

82

108

153

205

224

13

Recaptures (n)

5.0%

1.0%

4.7%

9.5%

6.7%

3.6%

2.8%

1.2%

0.3%

Iceland

1.6%

0.7%

0.8%

3.6%

1.7%

1.4%

2.5%

1.2%

0.2%

Faroes

Norway

93.4%

98.4%

94.5%

86.9%

91.6%

95.0%

94.7%

97.6%

99.5%

Contin.

833

14722

127

84

179

443

1171

3068

9650

Recaptures (n)

Table 2. RRP (relative recapture percentage) in the Faroese, Icelandic and Continental stock areas in relation to the total number recaptured (with known position), by tagging area.
The same variable is presented by length at recapture (upper part) and by time at liberty (lower part).

Table 3. Temporal pattern in migration. RRP – percentage recaptured in the Faroese, Icelandic and Continental stock
areas in relation to total number recaptured (with known position) where time at liberty exceeded 3 years. Presented for
saithe tagged in Faroese and Norwegian waters. The Faroese are presented by period of tagging. The Norwegian data
DUHSUHVHQWHGE\\HDURIWDJJLQJDJJUHJDWHGLQWR\HDUSHULRGV
Stock area of recapture
Tagging area

Tagging period

Faroes

1959-1967 (British)

50%

23%

27%

22

1960-1965 (Faroese)

61%

28%

11%

109

1975-1976 (Faroese)

50%

50%

0%

2

1991 (Faroese)

53%

47%

0%

19

Total

58%

30%

12%

152

<1956

2.3%

2.3%

95.5%

88

1956-1960

1.7%

4.7%

93.5%

232

1961-1965

1.1%

7.0%

91.9%

186

1966-1970

0%

6.4%

93.6%

94

1971-1975

2.0%

5.3%

92.8%

152

1976-1980

0%

2.5%

95.1%

81

1.6%

5.0%

93.4%

833

Norway

Recaptures in total

Faroes

IDFWRUVVXFKDV¿VKLQJSDWWHUQVRIWKHFRPPHUFLDO
ÀHHW HJ JHDU XVHG DQG PXOWL QDWLRQ ÀHHWV DQG
varying and unknown reporting rates. For these
factors, we have no estimates of the errors they may
induce, and they are not discussed further.
Distances from tagging site in relation to size and
stock area
Distances from tagging site were shortest for the
youngest saithe – especially in the Faroese stock
area. One explanation could be that the younger
saithe had a shorter time to move from their
WDJJLQJ VLWHV %XW FRQVLGHULQJ RQO\ ¿VK WKDW KDG
EHHQUHFDSWXUHGGXULQJWKH¿UVW\HDUDIWHUWDJJLQJ
(shown for the Norwegian stock area only) the same
pattern was revealed (Figure 2c). Therefore, the
shorter distance migrated by smaller saithe appears
WRUHÀHFWDJHQXLQHEHKDYLRXUDOFKDUDFWHULVWLF7KH
most likely explanation for this is that young saithe
prefer shallow habitat (Bertelsen, 1942; Jones and
Jónsson, 1971; Nedreaas, 1987; Homrum et al.,
2012), which therefore limits the distance they
can move away from the coast and their original
tagging location. This would also explain why
young Faroese saithe moved the shortest distances,
because the shallow area available to the Faroese
saithe is much smaller than the shallow waters
available to the Icelandic and Norwegian saithe.

Iceland

Continental

Recaptures (n)

Adult saithe migrated longer distances than
young saithe in all stock areas (Figures 2a, b, c),
and moved farther in the Continental than in the
Faroese and Icelandic stock area. The distance
from tagging site decreased for the largest sizes at
tagging (Figure 2c). This is interesting and could
perhaps be explained by a combination of spawning
VLWH ¿GHOLW\ DQG ODUJHU VDLWKH EHLQJ PRUH SURQH WR
capture in the spawning season than the rest of the
\HDUZKHQWKH\PD\UHVLGHRXWVLGH¿VKDEOHDUHDV
Migration among stock areas
As argued in appendix A, the interpretation of
the RRP values as emigration rates is a good
DSSUR[LPDWLRQDVORQJDV¿VKLQJPRUWDOLWLHVH[FHHG
QDWXUDO PRUWDOLW\ 7KH ORZHVW DYHUDJH ¿VKLQJ
mortality for ages 5 to 10 over the time-span of a
tagging project is in the Faroese stock area in 19611983, where F is 0.27 compared with 0.38 in the
Continental stock area (Table 4), and for this change
in F the RPP would decrease by only 12% (from
1.6% to 1.4%). We thus conclude that the observed
RPPs are representative for the emigration rates.
The observed migration among stock areas is
PLQRU IRU \RXQJ ¿VK $GXOW VDLWKH ORQJHU WKDQ 
cm or time at liberty exceeding 3 years) exhibited
migration among stock areas, but the migration rates
YDULHGVLJQL¿FDQWO\GHSHQGLQJRQVWRFNDUHDRIWDJJLQJ
7

Of the saithe tagged in Norwegian waters,
after 3 years at liberty, 1.6% were recaptured in
the Faroese and 5% in the Icelandic stock area.
1RUZHJLDQ VXUYH\ DQG ¿VKHULHV LQYHVWLJDWLRQV
have showed that saithe tended to follow the
herring into the Norwegian Sea, as well as to the
spawning areas of herring (Runde, 2005). This
is supported by diet analyses of saithe (Bergstad,
1991; Olsen et al., 2010). The relatively high RRP
in 1961-1970 in the Icelandic stock area of saithe
WDJJHG LQ 1RUZHJLDQ ZDWHUV LV OLNHO\ WR UHÀHFW D
feeding migration following the herring. After the
collapse of the Norwegian spring-spawning herring
in 1968 (Hamilton et al., 2004), the recaptures of
Norwegian tags in Icelandic waters decreased. The
proportion of the saithe pursuing herring, and the
extent of overlap between the two species in space
and time is, however, not well known.
For adult saithe tagged in Faroese waters, a
substantial fraction (26-30%) was recaptured in
the Icelandic stock area (Table 2), and 8% in the
Continental stock area. In Faroese and Scottish
waters, blue whiting has been an important prey to
saithe, but Norway pout and euphausiids are also
constituents of the diet (Du Buit, 1991; Homrum
et al., 2012). In addition to diet studies, by-catch
RIVDLWKHLQWKHEOXHZKLWLQJ¿VKHU\DOVRLQGLFDWHV
feeding migrations following blue whiting (Pálsson,
2005).
Adult saithe in Icelandic waters show negligible
emigration (Table 2). This is consistent with
previous studies, which have demonstrated less
than 1% emigration from Icelandic waters (Jones

and Jónsson, 1971; Armannsson et al., 2007). This
may perhaps be related to the distribution of the
main prey species, especially capelin, which is the
main constituent in the diet of saithe in Icelandic
waters part of the year (Pálsson, 1983; Jonsson,
1996; Jaworski and Ragnarsson, 2006).
The saithe is a capable swimmer (Videler
and Hess, 1984) and is able to utilize the pelagic
environment (Bergstad, 1991; Stensholt et al.,
2002; Neilson et al., 2003; Jonsson Armannsson,
submitted). The pelagic behaviour is evidenced by
VDLWKHE\FDWFKLQWKHEOXHZKLWLQJ¿VKHU\ 3iOVVRQ
2005) and the connection between saithe and
herring in Norwegian waters (Runde, 2005). The
interplay between spawning and feeding migrations
seem a plausible explanation for the observed
migration rates among stock areas and seasonal and
inter-annual changes in distribution of prey species
are likely drivers of saithe migration.
The overall impression is that there is a
westward migration of the adult saithe. There is a
net import of saithe to Icelandic waters, and a net
export of adult saithe from Faroese and Norwegian
waters (Figure 3). The differences that we see in
migration behaviour among different stock areas
have also been seen in the western North Atlantic
(Neilson et al., 2006). Saithe tagged in the western
part of the Scotian Shelf were rarely captured in
WKHHDVWHUQSDUW  ZKHUHDVRI¿VKWDJJHG
in the eastern part were recaptured in the western
part. Thus, the migration patterns of the saithe
complexes on both sides of the North Atlantic have
resembling features.

7DEOH6XPPDU\RIVWRFNVL]HVDQG¿VKLQJPRUWDOLWLHVSHUDUHDDQGUHFDSWXUHSHULRGEDVHGRQWKHUHVSHFWLYH,&(6
UHSRUWVIURPVWRFNDVVHVVPHQWVLQ VHHWH[W  1RWHWKDWKHUHWKH&RQWLQHQWDOVWRFNDUHDLVDFRPELQDWLRQRIWKH
Northeast Arctic and North Sea/Skagerrak.
Tagging
area

Stock-area of recapture
Periods of recapture

Ice

Far

Cont*

Mean

Ice

Far

Cont*

Standard deviation

Ice

Far

Cont*

Stock size ratio

Average stock size of ages 5-10 in
recapture periods (x106)
Iceland 2000-2010

51

71

418

18

28

82

Faroes 1959-1980, 1991-1997

63

28

232

32

11

108

0.45

Norway 1954-1983

68

27

221

30

12

103

3.26

$YHUDJH¿VKLQJPRUWDOLW\RIDJHV
5-10 in recapture periods

8

Iceland 2000-2010

0.38

0.60

0.35

0.11

0.23

0.13

Faroes 1959-1980, 1991-1997

0.35

0.33

0.40

0.15

0.18

0.19

Norway 1954-1983

0.32

0.27

0.38

0.13

0.12

0.18

0.71

0.17
0.12

8.15
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spatial distribution of sub-populations as migration
DPRQJVWRFNDUHDVLQRUGHUWRHQVXUHWKDW¿VKHULHV
are not exploiting vulnerable components and thus
depleting genetic diversity (Stephenson, 1999;
Hutchinson, 2008).
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)LJXUH  0DS VKRZLQJ WKH HVWLPDWHG PLJUDWLRQ LQ  
among the Faroese, Icelandic and Continental stock areas
of saithe, where more than 3 years had elapsed between
tagging and recapture. At the start of an arrow, the relative
recapture percentages (RRP) (see text) are listed and at
the end of an arrow the immigration percentage (IP) is
shown.

Differences in RPP in individual periods (Table
3) could indicate differences in migration rates,
EXW QRQH RI WKHVH ZHUH VWDWLVWLFDOO\ VLJQL¿FDQW
Therefore, we cannot identify any consistent
temporal variations in migration rates. Due to the
broken time-line of tagging among the three stock
areas, however, we cannot safely conclude that the
migration rates have been constant over the six
observed decades.

Young saithe move short distances and appear to be
limited by the topography, such that saithe in Faroese
waters move the shortest distances and saithe in
Norwegian waters move the farthest distances.
/DUJHUVDLWKHPLJUDWHDFURVVERXQGDULHVVHWLQWKH
ICES advisory framework, but the different stocks
appear to have different magnitudes of migration.
Icelandic saithe are seldom recaptured outside
domestic waters whereas large Faroese saithe often
are recaptured in foreign waters. Many questions
on saithe migration in the Northeast Atlantic
remain unanswered, however. In order to clarify the
mechanisms behind the migration and what causes
the difference among stock areas, the individual
behaviour of saithe should be investigated much
more intensively, e.g. by use of Data Storage
Tags (Armannsson and Jónsson, submitted). Also,
simultaneous tagging experiments of saithe in the
entire Northeast Atlantic, maintained for several
\HDUVDUHQHHGHGWR¿OOJDSVLQRXUNQRZOHGJH
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Appendix A
A detailed interpretation of tag recaptures in different areas would require detailed information about
the migration behaviour, which is not generally available. To illustrate the relationships, we consider a
somewhat idealized example.
&RQVLGHUDFHUWDLQVWRFNFRPSRQHQW HJDQDJHJURXS RIVDLWKHLQDUHD$ZLWKWKHQXPEHURI¿VKHTXDO
to N0$VVXPHWKDWDFHUWDLQIUDFWLRQ5RIWKHVH¿VKDUHWDJJHGDWWLPHW1 in area A where they remain until
time t2, i.e. for a period ta=t2 - t17KHQXPEHURI¿VKLQWKHVWRFNFRPSRQHQWVWLOOVXUYLYLQJLQWKHVHDZLOO
be:

Na

N 0  exp( Z a  t a )

with

Za

Fa  M

(1)

where we have assumed a constant total mortality ZaFRQVLVWLQJRIWKHDUHDGHSHQGHQW¿VKLQJPRUWDOLW\)a
DQGDQDWXUDOPRUWDOLW\0,IWKHWDJJHG¿VKEHKDYHDVWKHUHVWRIWKHLUVWRFNFRPSRQHQWDQGKDYHWKHVDPH
PRUWDOLWLHVWKHQXPEHURIWDJJHG¿VKVWLOOLQWKHVHDVKRXOGEH5Â1a. Assume that a certain proportion Pm of
WKHVWRFNFRPSRQHQWDQGRIWKHWDJJHG¿VKWKHQ DWWLPHW2) emigrates instantaneously to area B, where they
UHPDLQ WKLVPD\RUPD\QRWEHWUXHEXWLWVLPSOL¿HVRXUPRGHO 7KHQXPEHURIWDJJHG¿VKWKDWUHPDLQ
alive in area A will then decrease with time, t, as:

N A (t ) (1  Pm )  R  N a  exp> Z a  (t  t 2 )@

(2)
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'XULQJ D VKRUW WLPH LQWHUYDO GW WKH QXPEHU RI WDJJHG ¿VK WKDW DUH FDXJKW LQ DUHD$ ZLOO EH JLYHQ E\
FaÂ1A W ÂGWDQGWKHWRWDOQXPEHUFDXJKWLQWKHRULJLQDODUHDIURPWLPHW2, onwards, is then given as:
f

Ca

(1  Pm )  R  N a  Fa  ³ exp> Z a  (t  t 2 )@dt

(1  Pm )  R  N 0  exp( Z a  t a ) 

t2

Fa
Za

(3)

,QDUHD%GXULQJWKHVDPHSHULRGZHVLPLODUO\H[SHFWDFDWFKRIWDJJHG¿VK
f

Cb

Pm  R  N a  Fb  ³ exp> Z b  (t  t 2 )@dt

Pm  R  N 0  exp( Z a  t a ) 

t2

Fb
Zb

(4)

The relative proportion caught in the non-original area B is then:

Cb
RRP {
C a  Cb

D  Pm
1  (1  D )  Pm

with

Z F
D{ a b
Fa  Z b

1 M
1 M

Fa

(5)

Fb

,I¿VKLQJPRUWDOLWLHVDUHWKHVDPHLQERWKDUHDVĮ DQGWKH533WKDWZHPHDVXUHZLOOXQGHUWKHJLYHQ
assumptions, equal the “true” proportion, Pm, for the whole stock component. Even with considerable
GLIIHUHQFHVLQ¿VKLQJPRUWDOLW\ĮZLOOUHPDLQFORVHWRDVORQJDV¿VKLQJPRUWDOLWLHVDUHVXEVWDQWLDOO\
higher than the natural mortality. RRP is thus rather insensitive to differences in F between the areas. This
LVEHFDXVHZHDUHREVHUYLQJWKHUHFDSWXUHVLQWKHUHPDLQLQJOLIHWLPHRIWKHWDJJHG¿VK:LWKDKLJK)ZH
WDNHWKH¿VKRYHUDWVKRUWHUWLPHSHULRGWKDQLI)LVORZHUEXWXOWLPDWHO\ZHFDWFKWKHVDPHQXPEHURI¿VK
VWLOOJLYHQWKDW¿VKLQJPRUWDOLWLHVDUHVXEVWDQWLDOO\KLJKHUWKDQQDWXUDOPRUWDOLW\ 
:LWKWKLVDSSUR[LPDWLRQ Į§ WKHHIIHFWVRIPLJUDWLRQRQWKHUHFHLYLQJVWRFNPD\DOVREHHVWLPDWHG
TXLWHVLPSO\)URPWKHDERYHWKHWRWDOQXPEHURI¿VKLQWKLVVWRFNFRPSRQHQWPLJUDWLQJIURP$WR%ZDV
nab= PmÂ1a. Assume that the comparable stock component (e.g. age group) in area B just before the time of
migration has a total number Nb. The relative effect of the immigration on the receiving stock may then be
GH¿QHGDVDQLPPLJUDWLRQSURSRUWLRQ

IP {

12

nab
Nb

Pm  N a
Nb

(6)

Appendix B

)LJXUH%6WRFNLQQXPEHUDQG¿VKLQJPRUWDOLW\DWDJHIRUVDLWKHLQWKH1RUWKHDVW$WODQWLF ,&(6DEF 
)RU,FHODQGLFVDLWKHUHVXOWVIRUIURPROGHUUHSRUWVDUHXVHG ,&(6 6WRFNLQQXPEHUKDVEHHQ
VXPPHGIRUDJHVDQG D DQGDJHVWR E )LVKLQJPRUWDOLW\KDVEHHQDYHUDJHGIRUDJHVDQG F DQGWR
 G 7KHKRUL]RQWDOOLQHVLQG LOOXVWUDWHWKHSHULRGVZKHQWDJJHG¿VKKDYHEHHQUHFDSWXUHGIRUWKHWKUHHWDJJLQJDUHDV
(narrow black lines: Iceland, heavy black lines: Faroes, narrow grey lines: Norway).
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Abstract
6DLWKHLVRQHRIWKHGRPLQDQWDQGPRVWH[SORLWHG¿VKVWRFNVRQWKH)DURH3ODWHDX'DWDRQUHFUXLWPHQWDQG
weight-at-age have been obtained through annual stock assessments and show large variations. However,
the mechanisms generating these variations have not been documented. Here we show that a large part of
the variation in recruitment at age 3 can be explained by food availability in earlier life stages (age 1 and
2) in form of 0-group sandeel and Norway pout. Since juvenile sandeel have been shown to depend on
primary production, saithe recruitment might be indirectly dependent on the spring bloom, which has been
suggested to be controlled by regional climate variations, e.g. air-sea heat loss. Variations in the intensity
of the subpolar gyre circulation also seem to affect saithe recruitment, however less strongly. In contrast
WRUHFUXLWPHQWZH¿QGQRHQYLURQPHQWDOLQÀXHQFHRQVDLWKHJURZWK,QVWHDGWKHJURZWKRI\RXQJVDLWKH
(ages 3 to 6) is inversely proportional to the total number of saithe in the stock. For the growth variations
RIROGHUVDLWKH DJH ZH¿QGQRFRQYLQFLQJH[SODQDWLRQKRZHYHUWKHVHDJHJURXSVKDYHEHHQVKRZQ
to migrate extensively, and this might confound potential relationships.
Key words: Climate, density dependence, food availability, primary production, subpolar gyre.

Introduction
Faroese waters (Figure 1) comprise the relatively
shallow area over the Faroe Plateau and surrounding
banks as well as a wide deep-water region (Hansen
and Østerhus 2000). Although exhibiting pelagic
behaviour (Stensholt et al. 2002), saithe (Pollachius
virens LVJHQHUDOO\FRQVLGHUHGDGHPHUVDO¿VKDQG
is grouped with cod and haddock as one of the
dominating demersal species on the Faroe Plateau.
After spawning, saithe larvae and juveniles are
concentrated in the shallow regime of the Faroe
Shelf from which they move to deeper waters as
2-3 years old and progressively with size (Bertelsen
1942; Homrum et al. 2012), as is also observed in
e.g. Norwegian and Canadian waters (Clay et al.
1989; Bergstad 1991).

Faroe saithe is initially recruited to the
FRPPHUFLDO¿VKHULHVDWDJHDQGVWRFNDVVHVVPHQWV
have provided data on number- and weight-at-age
for the period 1961-2010 (ICES 2011). These data
VKRZWKDWUHFUXLWPHQWGH¿QHGDVWKHQXPEHURI
year old saithe each year, may vary by more than
an order of magnitude, while the mean weight of
the ages 4 to 7 may vary by more than a factor
of two. Although both cod (Gadus morhua) and
haddock (0HODQRJUDPPXV DHJOH¿QXV) on the
Faroe Plateau exhibit positive correlations between
individual growth and recruitment, no such pattern
is evident for saithe. On the contrary, weight-at-age
is generally small when recruitment is high (ICES
2011). Recruitment and growth of cod and haddock
1

has been linked to primary production on the Faroe
Shelf (Gaard et al. 2002; Steingrund and Gaard
2005), but little is known about the processes that
control these features in the Faroese saithe stock.
The aim of this study is to investigate these
processes. To do so, we compare time series of
saithe recruitment with several causal variables
WKDWPLJKWLQÀXHQFHWKHHDUO\OLIHVWDJHVRIVDLWKH
These include an index for primary production on
the Faroe Shelf and indices from the annual 0-group
survey on the Faroe Plateau. Based on stomach
content analysis, 0-group sandeel (Ammodytidae)
(Højgaard 1999) and Norway pout (Trisopterus
esmarkii) (Homrum et al. 2012) are important
constituents in the diet of juvenile saithe in Faroese
waters, and special attention is thus paid on these
two species. Since the subpolar gyre has been
shown to affect several trophic levels in the deepwater region of Faroese waters (Hátún et al. 2009a),
ZHDOVRFRQVLGHUWKHµJ\UHLQGH[¶ZKLFKUHÀHFWVWKH
strength of the subpolar gyre in the North Atlantic.
To study individual growth, we use the weightat-age data to compute growth as the weight
increase of a cohort from one year to another.
These values are compared to indices for the living
conditions, such as the gyre index, and to various
stock parameters. We try to clarify whether the
generally inverse relationship between weight-atage and stock size (ICES 2011) can be explained by
some density dependent process, governed by e.g.
abundance or biomass.
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Figure 1. The Faroe Islands are located on the Faroe
Plateau between Iceland and Shetland. Light gray areas
are shallower than 500 m. Dark gray areas are shallower
than 200 m. Black areas are land.
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The primary data set used in this study is based on
stock assessments of Faroe saithe, which includes
time series of number- and weight-at-age. To
investigate saithe recruitment, we also examine data
RQSULPDU\SURGXFWLRQDQGJURXS¿VKVSHFLHVWKDW
can serve as food for juvenile saithe on the Faroe
shelf, as well as the gyre index.
Stock data
The number Ni of saithe at age i from 3 to 14
(number-at-age) was obtained from the 2011 stockassessment for the years 1961 to 2010 (ICES, 2011),
which is based on a virtual population analysis
(VPA). From these data, we obtain the recruitment
DVWKHQXPEHURI\HDUROG¿VKHQWHULQJWKH¿VKHU\
as seen in hindsight. Unless otherwise noted, this
GH¿QLWLRQRIUHFUXLWPHQWLVPDLQWDLQHGWKURXJKRXW
the paper, i.e. the time of recruitment is the year
WKDWDFHUWDLQFRKRUWUHDFKHVDJH6LQFHDVSHFL¿F
\HDUFODVVKDVWRKDYHEHHQ¿VKHGIRUVRPH\HDUV
before the VPA converges, the last three years in
the number-at-age and recruitment series are rather
uncertain.
Because the input-series to the stock assessment
of saithe in Faroese waters extends furthest back
in time, data on mean weight-at-age (ages 3 to 14
from 1961 to 2010) were taken from this series.
These data are based on samples of the commercial
catches of saithe in Faroese waters.
From the weight-at-age data, we have computed
time series of growth by subtracting the mean
weight of a cohort for one year from that of the
following year. These series were, however, fairly
noisy and 3-year running means of the growth
(averaged over 3 years; not following year classes)
were therefore computed and used in the analyses.
'HQVLW\GHSHQGHQWJURZWK
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'HQVLW\GHSHQGHQWJURZWKRFFXUVZKHQWKHJURZWK
of individuals is inhibited by its own or coexisting
stocks. Several different attributes of a stock might
inhibit individual growth, e.g. the total number of
the stock or certain age groups within it, the total
biomass, and the required basic metabolism of the
total stock, which generally is found to increase
with weight to the power 0.75 (Schmidt-Nielsen

1983). The three possibilities, mentioned here, may
be investigated by testing how well the smoothed
ZHLJKWJURZWKYDOXHVīi,i+1(t) for growth from age
i to i¿WDOLQHDUUHODWLRQVKLS

*i ,i 1 (t ) Gi  g i 

1
(
N
t
¦ k )  Wk (t )Q

(1)

k

where Ni(t) and Wi(t) are number and weight of age
group i, whereas Gi and gi are constants for each
age group. The exponent, Ȟ, may be set to 0, 1, or
0.75, depending on whether the growth is assumed
to be limited by the total number, the total biomass,
or the required basic metabolism. The success of
WKHVH ¿WV IRU HDFK DJH JURXS PD\ EH PHDVXUHG
E\ WKH FRUUHODWLRQ FRHI¿FLHQW EHWZHHQ WKH JURZWK
values and the last term in Eq. (1).
By regression analysis, we can for each age
JURXS GHWHUPLQH WKH FRHI¿FLHQWV *i and gi in Eq.
(1). This allows us to generate simulated values
of weight-at-age. The simulation is initialized by
VSHFLI\LQJDFWXDOYDOXHVIRUDJHVWRWRWKH¿UVW
year in our records (1961). Thereafter, we assume
the weight of 3-year old saithe either to be constant
(equal to its average) or given by the actual weight
DWDJHZKHUHDVWKHZHLJKWVRIWKHROGHU¿VKDUH
calculated by Eq. (1).
Primary production
The primary production index (hereafter PPindex), a measure of the accumulated new primary
production in the Faroe shelf water ecosystem
during the spring bloom from 1990 to 2010,
was calculated based on the reduction in nitrate
FRQFHQWUDWLRQIURPZLQWHUOHYHOVXQWLOD¿[HGGDWH
-XQHHDFK\HDU DW¿[HGVWDWLRQVSOXVHVWLPDWHG
QHWLQÀX[RIQLWUDWHIURPWKHVXUURXQGLQJRIIVKHOI
water during the same period of time. For further
details see Gaard et al. (2002) and Steingrund and
Gaard (2005).
0-group survey
'DWDRQDEXQGDQFHDQGOHQJWKRIWKHIU\RIVDLWKH
sandeel and Norway pout were obtained from
the annual 0-group survey on the Faroe Plateau

(1983 - 2010). The survey was primarily designed
to investigate juvenile biology of cod, but other
species were adequately sampled as well. Up to 72
stations on the Plateau with bottom depths between
45 and 150 m were sampled each year. The gear
used was a capelin trawl (5 mm mesh size in the
cod end) towed at 3 knots at between 25 and 45
meters depth (the exact trawling depth was decided
based on writings on the echo sounder) for 30
minutes during daytime. In case of large samples,
a subsample, approximately 0.2 liters of fry, was
sorted to species and 150-200 individuals of each
species were measured to the nearest lower mm, the
rest was counted.
The abundance of fry from each species was
calculated as the mean number per haul. Mean
length was calculated for all specimens caught. A
biomass index was obtained assuming a constant
condition factor, i.e. the biomass is proportional to
abundance multiplied by mean length cubed.
Gyre index
The gyre index originates from a Principal
Component Analysis of the sea surface height
¿HOGLQWKHQRUWKHUQ1RUWK$WODQWLF +lNNLQHQDQG
Rhines 2004; Hátún et al. 2005). The gyre index is
WKH¿UVWSULQFLSDOFRPSRQHQW WLPHVHULHV IURPWKLV
DQDO\VLV 'RPLQDQFH RI FROG DQG IUHVK VXEDUFWLF
water in the Iceland Basin is associated with a high
index value (implying a strong gyre circulation)
and dominance of warmer and more saline water
is associated with a low index (implying a weak
gyre circulation). Here, we use a more regional
version of the index, which has been extended back
to 1960, using an ocean model forced with air-sea
ÀX[HVIURPUHDQDO\VHV +iW~QHWDOE 

Results
In this section, we present the main features of the
saithe stock variations and compare the recruitment
values to the PP-index and the amount of food that
might have been available to the juvenile saithe.
To investigate whether growth might be density
dependent, we also compare growth values of
saithe with various causal inhibiting variables.
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Stock variations

Food availability for juvenile saithe

The recruitment of saithe, as obtained from the
annual stock assessment (ICES, 2011), varied from
7 to 105 million individuals. There was a cyclical
pattern (Figure 2a) with maxima around 1970, 1986
and 2002. Although not in phase, a similar pattern
was observed in the mean weight of 4-7 year old
saithe.

To investigate the importance of food availability
in the earlier stages (age 1 and 2) of saithe, the
recruitment of saithe (age 3) was correlated to the
biomass, abundance and mean length of sandeel
and Norway pout fry one (t-1) and two (t-2) years
before (Table 1).
Generally, biomass was the prey parameter
showing the highest correlations with recruitment
(Table 1, Figure 3) and the relationships were
stronger, especially regarding sandeel, when the
last three years of the recruitment series were
excluded. The recruitment of saithe had the best
correlation with the sandeel fry biomass of the
previous year (t-1) (R = 0.85 for the period 1984
- 2007). However, the Norway pout fry biomass
(t-2), representing the food availability of the age
1 saithe two years before, was stronger than that
of the sandeel fry biomass. Although weaker, the
recruitment was also correlated with the abundance
and mean length of the prey species (the two
parameters used to calculate the index of biomass)
(Table 1). It is worth noting that all the correlation
FRHI¿FLHQWV ZHUH SRVLWLYH ZKLFK JLYHV VRPH
statistical support to their validity.

Recruitment and primary production
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Since the recruitment of saithe as 3 year old may be
assumed to depend on preceding living conditions,
the number of 3-year old saithe each year was
correlated to the PP-index (Figure 2b) averaged
over the three preceding years. When all values
in the time series were included, the averaged PPindex explained 31% of the total variance (R = 0.56,
N = 20). However, if the last three uncertain years
were excluded, the correlation increased (R = 0.60).

Relative scales

b)

Gyre index

PP-index
1960

1970

1980

1990

2000

2010

Figure 2. (a) Recruitment (bars) and average weight of
ages 4 to 7 (full curve). The grey bars indicate the 3 latest
years, in which the recruitment estimates are generally
rather uncertain. (b) The inverted gyre index (dashed) and
the PP-index (full). The gyre index from 1960 to 1993 is
based on simulations (long dashed) (Hátún et al., 2005)
and from 1993 to 2010, it is based on mapped satellite
altimetry data (http://www.aviso.oceanobs.com) (shortdashed).
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The effect of the gyre index on recruitment
The marine climate in the Faroe region has been
found to respond to the gyre index with a one year
lag (Hátún et al. 2005). To illustrate the similar
temporal variations of the gyre index (inverted)
and the saithe recruitment, they are both presented
in Figure 2. Table 2 shows that the correlation
FRHI¿FLHQW LV KLJKHVW QHJDWLYHO\  ZKHQ D ODJ RI
four years is applied, corresponding with one year
lag + three years of growth. However, the annual
differences are not that large, and zero lag gives
DOPRVW WKH VDPH FRUUHODWLRQ FRHI¿FLHQW DV D IRXU
year lag (Table 2).
'HQVLW\GHSHQGHQFHRIJURZWK
Smoothed growth values, indicating the average
individual weight increase from one age to the
next in a cohort and averaged over three years, are
shown in Table 3. The sample sizes, from which
the weight-at-age values each year are computed,
decrease with age, which might be one reason for

7DEOH  7KH FRUUHODWLRQ FRHI¿FLHQWV EHWZHHQ WKH UHFUXLWPHQW RI VDLWKH DJH   DQG WKH DYDLODELOLW\ LQGH[ RI ELRPDVV
abundance and length) of sandeel and Norway pout fry one (t-1) and two years (t-2) prior to recruitment of saithe in the
period 1984-2007, N = 24. Numbers in brackets show the correlations when the period was extended to cover 1984 2010, N = 27.
Norway pout
Biomass
t-1
Saithe
Recruitment

t-1

Mean length

t-2

t-1

t-1

Mean length

t-2

t-1

t-2

0.74

0.45

0.72

0.56

0.41

0.85

0.59

0.83

0.57

0.59

0.40

(0.71)

(0.42)

(0.69)

(0.45)

(0.32)

(0.69)

(0.56)

(0.49)
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Figure 3. Recruitment of saithe at age 3 in relation to the biomass index of Norway pout (a) and (b) and sandeel (c) and
(d). Figures (a) and (c) show the relationships between recruitment at age 3 and the prey biomass the year before (t-1),
while (b) and (d) show the relationships between recruitment at age 3 and the prey biomass two years before (t-2),
representing the food-availability of the one- and two-year-old saithe, respectively. The grey triangles indicate the three
recentmost years, in which the recruitment estimates are generally rather uncertain. The lines are the regression lines
when the three last years have been excluded.

7DEOH&RUUHODWLRQFRHI¿FLHQWVEHWZHHQUHFUXLWPHQWRIVDLWKHDQGWKHJ\UHLQGH[ZLWKGLIIHUHQWODJV WR1
= 47). Positive lag indicates that recruitment lags after the gyre index. Numbers in brackets show correlations when the
period is extended to include 2008 - 2010, N = 50.
Lag:
Correlation:

0

1

2

3

4

5

6

7

-0.38

-0.32

-0.27

-0.36

-0.39

-0.29

-0.21

+0.09

(-0.44)

(-0.37)

(-0.33)

(-0.41)

(-0.45)

(-0.37)

(-0.29)

(-0.06)
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Table 3. Average, standard deviation, and the ratio between the two (std. dev./average) of the 3-year running mean
(weight) growth of individual age groups.
Age:

3-4

4-5

5-6

6-7

7-8

8-9

Average:

0.45

0.54

0.64

Std. dev.:

0.05

0.11

0.06

Ratio:

0.10

0.20

0.09

0.07

9-10

10-11

11-12

12-13

13-14

0.77

0.84

0.75

0.69

0.82

0.54

0.45

1.37

0.06

0.07

0.11

0.07

0.22

0.20

0.54

1.09

0.08

0.15

0.11

0.27

0.37

1.21

0.80

7DEOH  &RUUHODWLRQ FRHI¿FLHQWV EHWZHHQ WKH  \HDU UXQQLQJ PHDQ ZHLJKW  JURZWK RI LQGLYLGXDO DJH JURXSV DQG WKH
number of saithe in that age group on 1 January of the third year (top row) as well as the inverted number. Period 19612007, N = 47.
Age:
Number at age:
Inverted number:

3-4

4-5

5-6

6-7

7-8

8-9

9-10

-0.62

-0.59

-0.70

-0.38

-0.35

-0.04

-0.26

0.59

0.65

0.67

0.31

0.31

0.18

0.25

the increased standard deviations for the older
saithe. In the following, we neglect data for saithe
older than 10 years.
From age 3 to 10, we compared the smoothed
growth values with the number of saithe of that age
(Table 4) and with more integrated indicators of the
VWRFN DV GH¿QHG E\ (T   6LQFH WKH VPRRWKHG
growth values were based on average weight values
for 4 years, we used stock values dated at 1 January
of the third year for comparison.
The top row of Table 4 lists correlation
FRHI¿FLHQWV EHWZHHQ WKH VPRRWKHG JURZWK YDOXHV
for each age group and the number of saithe in
that age group. For the 3 younger age groups of
saithe, we see fairly strong negative correlations.
7KLVLVUHÀHFWHGLQSRVLWLYHFRUUHODWLRQFRHI¿FLHQWV
for the same age groups when we correlate the
growth with the inverted number of number-at-age
(bottom row). The growth of one age group might
not, however, necessarily depend on the number of
individuals in that age group and higher correlation
FRHI¿FLHQWVDUHVHHQZKHQWKHJURZWKLVFRPSDUHG
to more integrated measures of the stock (Table 5).

From Table 5, it appears that from 50% to more
than 70% of the variations in growth from age 3
to 6 can be explained by density dependence on
the total stock. The most inhibiting factor seems to
be the total number (v = 0), rather than biomass (v
= 1) or basic metabolism (v = 0.75), although we
cannot in a statistically meaningful way determine,
which form of inhibiting factor is most likely. The
VLPSOHVWLQWHUSUHWDWLRQVXSSRUWHGE\WKH¿UVWURZLQ
Table 5, is that from ages 3 to 6 or 7, the growth is
inversely related to the total number of saithe in the
stock. For the older saithe, the total stock does not
seem to affect the growth substantially and neither
does the older component of the stock (last row in
Table 5).
Using Eq. (1) with v = 0, we have generated
series of simulated weight-at-age. For growth from
DJH  WR  ZKHUH WKH FRUUHODWLRQ FRHI¿FLHQWV LQ
7DEOH¿UVWURZDUHUHODWLYHO\KLJKZHXVHGWKH
values for Gi and gi as determined in the regression
analyses. For ages above 7 years, we assumed
constant growth, equal to the average (gi = 0). In
VSLWHRIWKHVHVLPSOL¿FDWLRQVWKHVLPXODWHGZHLJKW

7DEOH&RUUHODWLRQFRHI¿FLHQWVEHWZHHQWKH\HDUUXQQLQJPHDQZHLJKWJURZWKRILQGLYLGXDODJHJURXSVDQGVWRFNVL]H
DVGHVFULEHGE\GLIIHUHQWYHUVLRQVRIWKHODVWWHUPLQ(T  7KH¿UVWFROXPQVKRZVWKHH[SRQHQWȞDQGWKHVHFRQG
column shows the ages over which the denominator in the last term of Eq. (1) is summed.
Exp.

Ages

3-4

4-5

5-6

6-7

7-8

8-9

9-10

0

3-13

0.85

0.78

0.72

0.44

0.19

0.15

0.14

0.75

3-13

0.83

0.71

0.68

0.39

0.28

0.23

0.19

1

3-13

0.79

0.62

0.62

0.34

0.31

0.27

0.23

0

3-6

0.78

0.78

0.69

0.44

0.08

0.12

0.12

0

7-12

0.46

0.17

0.28

0.24

0.57

0.09

0.14
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Table 6. Correlation between actual and simulated weight-at-age for the period 1971 to 2007 (N = 37) where the weight
at age 3 (w3 LVHLWKHU¿[HGWRHTXDOLWVDYHUDJH WRSURZ RUWKHDFWXDOZHLJKW ERWWRPURZ 
Age:

4

5

6

7

8

9

10

11

12

13

Fixed w3:

0.67

0.83

0.83

0.79

0.79

0.84

0.68

0.69

0.63

0.28

Actual w3:

0.75

0.81

0.78

0.74

0.73

0.84

0.70

0.68

0.63

0.26

Stock biomass (thousand tonnes)

at-age remains fairly well correlated with the actual
YDOXHVXSWRDJHHYHQZKHQZHQHJOHFWWKH¿UVW
10 years after initialization (Table 6).
For the weight at 4 years of age, Table 6
indicates that a correct weight-at-age 3 is important,
EXWIRUWKHROGHU¿VKDVVXPLQJD¿[HGZHLJKWDW
age 3 gives a just as good or even better weight
estimate. The simulated weights-at-age may be
FRPELQHGZLWKWKHQXPEHURI¿VKLQHDFKDJHJURXS
to calculate the total biomass of the stock (ages 3 to
 DQGWKHEHVW¿WLVREWDLQHGLIWKHDFWXDOZHLJKW
at-age 3 is used (Figure 4). However, since the 3
and 4 year old saithe on the average contribute
more than 40% of the total biomass, this could be
expected.
It thus appears that the simulated weight-atage values allow us to calculate the total biomass
fairly well. Using the actual weight-at-age 3 in

the simulation (red curve in Figure 4), the largest
relative deviations from the actual values (black
curve) are an underestimate by 15% in 1985 and an
overestimate by 17% in 1990-91 and 1998. If we
had used average values for weight-at-age instead
of the simulated values (not shown in Figure 4), the
total biomass would have been underestimated by
22% in 1961 and overestimated by 61% in 2006.
The effect of the subpolar gyre on growth
Comparing the smoothed growth values to the gyre
LQGH[ 7DEOH ZH¿QGSRVLWLYHFRUUHODWLRQVIRUWKH
young age groups and some indication of negative
correlations with growth from ages 8 to 10, when
the gyre index is lagged 1-2 years. This signal is
weak, however.

400

'LVFXVVLRQ
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200

100

0
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Figure 4. The total biomass of the saithe stock calculated
from actual weight-at-age (black) and from simulated
ZHLJKWDWDJH XVLQJ (T   ZLWK Ȟ   DQG WKH ZHLJKW DW
DJHHLWKHU¿[HG EOXH RUJLYHQE\WKHDFWXDOYDOXH UHG 

The results of our study point towards some clear
conclusions regarding both recruitment and growth.
Migration and statistics are, however two general
limitations of this study which must be recognized.
Throughout the study, we have used values
from the stock assessment for recruitment, which
are based on a VPA that assumes no migration,
while we know from tagging experiments that
about 33% of Faroese saithe with lengths above 60
cm are recaptured outside Faroese waters (Homrum
et al. submitted). The migration seems also to be

Table 7. Correlation between the 3 year running mean weight growth of individual age groups and the gyre index, where
growth lags from 0 to 2 years after the gyre index.
Lag (years)

3-4

4-5

5-6

6-7

7-8

8-9

9-10

0

0.33

0.36

0.47

0.67

0.35

0.10

0.09

1

0.39

0.54

0.35

0.14

-0.02

-0.11

-0.43

2

0.30

0.48

0.35

0.20

0.00

-0.22

-0.44
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length dependent (Homrum et al. in prep), which
thus might bias weight-at-age and hence growth
data.
Unfortunately, we are not at present able to
determine the temporal variations in migration
rates and thus to modify the VPA to account for
PLJUDWLRQ 7KH IDFW WKDW ZH GR ¿QG FRQVLVWHQW
relationships between data derived from the stock
assessment argues that the effect of migration is
QRW VXI¿FLHQW WR GLVUXSW WKH PDLQ IHDWXUHV RI WKH
recruitment and growth time series.
The second main limitation of our study is in
terms of statistics. We have presented a series of
FRUUHODWLRQ FRHI¿FLHQWV EXW ZLWKRXW VWDWLVWLFDO
VLJQL¿FDQFH p-values). This was done deliberately
and is due to the large serial (auto) correlation
of most of the time series. A number of more or
less empirical methods which account for serial
correlation are found in the literature, but we have
found it hard to identify a method that rigorously
excludes both type I and type II errors in our
results. We argue, instead, that persistent patterns
LQFRUUHODWLRQFRHI¿FLHQWVHJFRQVLVWHQWYDULDWLRQV
with age, are indications of rigorous results.
Recruitment
The recruitment of saithe is positively correlated
with the primary production on the Faroese
shelf. Given the trophical distance between the
primary production and saithe, it is not surprising
that the correlation is relatively weak. However,
primary production has been shown to drive both
recruitment and individual growth of both cod and
haddock on the Faroe Plateau (Gaard et al. 2002;
Steingrund and Gaard 2005).
Primarily, we found relatively high and positive
correlations between recruitment of saithe and
biomass index, abundance and length of sandeel
and Norway pout fry from the 0-group surveys,
which both are saithe prey resources (du Buit
1982; Bergstad 1991; du Buit 1991; Jónsson 1996;
Jaworski and Ragnarsson 2006; Homrum et al.
2012). The fact that biomass exhibits the strongest
correlation with recruitment (Table 1) is intuitively
easy to understand, since abundance by itself may
not be a suitable indicator of food availability if the
LQGLYLGXDO¿VKYDU\LQOHQJWK
The closer connection between sandeel as prey
for two year old, rather than for one year old, saithe
is in accordance with Højgaard (1999), who found
8

that sandeel constituted 30% by weight in the diet
of 2 year old saithe as compared to 6% in the diet of
one year old saithe. The studies of Højgaard (1999)
were conducted in a Faroese fjord (in 1996), as
RSSRVHGWRWKHJURXQG¿VKVXUYH\V +RPUXPHWDO
2012), in which the main diet of the youngest saithe
(0-2 years of age) was found to be Norway pout.
The apparent discrepancy between these two cited
studies might have several possible explanations
– e.g. the surveyed areas do not overlap, and
thus sandeel might be of higher importance in
near-shore areas than farther from land. Another
explanation of the difference might be that the
fjord studies were performed within a single year
EHIRUHWKHVWRPDFKSURJUDPPHRQWKHJURXQG¿VK
surveys started in 1997), and interannual variability
is large. However, our study seems to support that
both sandeel and Norway pout are important prey
species to juvenile saithe.
In Figure 3 there are many incidents of both low
fry biomass and low recruitment, some incidents
of both high fry biomass and high recruitment,
and other points are positioned farther from the
regression line. This indicates that sandeel and
Norway pout generally are of great importance to
the juvenile saithe, but in some years other factors
might be critical as well.
The large differences in some of the correlation
FRHI¿FLHQWV LQ 7DEOH  EHWZHHQ WKH IXOO SHULRG
(1983 - 2010) and the reduced period (1983 - 2007)
are troubling. One motivation for neglecting the
last three years in the series was non-convergence
of the VPA used to estimate recruitment. There
are, however, also reasons to question some of
the 0-group data during this period. The main
discrepancy is for the recruitment value (as 3
years) in 2009, which was not exceptionally high
even though the abundance of sandeel fry in the
0-group survey in 2008 was by far the highest on
record. The sandeel abundance in 2008 also appears
as an outlier when correlated to the PP-index
(Eliasen et al. 2011). Moreover observations of
SXI¿Q Fratercula arctica) nesting success, which
depends on sandeel fry, also indicate that 2008, as
a whole, was not a good sandeel year (Olsen 2009).
This supports our decision to rely on the reduced
1983-2007 period in Table 1.
From Table 2, it may appear that a weak gyre
index might act positively on recruitment both
around age 3, as the saithe moves from shallow to
deeper domains (lags 0-1 years), and at the time of
spawning (lags around 4 years). This latter effect

would require that year-class strength to some
extent is determined by processes already at or
before the 0-group stage. Indeed, the correlation
FRHI¿FLHQW EHWZHHQ VDLWKH DEXQGDQFH GXULQJ WKH
0-group surveys and recruitment three years later is
0.59 for the period (1983 to 2007) and 0.53 for the
period (1983 to 2010).
Growth
For young saithe, ages 3 to 6, the growth in weight
of a cohort from one year to another seems mainly
to be controlled by the magnitude of the total stock
of Faroe saithe (Table 5). Whether the inhibiting
factor is total number, total biomass, total basic
metabolism, or some other factor, remains unclear.
If food limitation were the reason for the density
dependent growth observed, we would expect
the total biomass or total basic metabolism to be
most important, but they do not exhibit the highest
correlations although it is hard to distinguish in a
statistically acceptable manner.
Saithe is a schooling species (Partridge et al.
1980) and there may be limitations to the number
of individuals in a school for it to be successful.
This could perhaps lead to the total number in the
stock being the most severe inhibitor of growth, but
this must remain pure speculation, as long as our
knowledge on the behaviour of Faroe saithe, and
saithe in general, is on the sketchy stage of today.
For saithe older than 7 years, the total stock
magnitude seems to have little impact on the
growth, whatever inhibiting factor is considered
(Table 5). The mean individual weight of these age
groups is, however, to a large extent determined at
a younger age. Thus the mean weight-at-age can be
fairly well estimated from the total stock size up
to at least age 12 (Table 6) and this allows us to
estimate the total stock biomass from the total stock
number solely (Figure 4).
When correlating growth to the gyre index, we
IRXQGSRVLWLYHFRUUHODWLRQFRHI¿FLHQWVIRUDJHVWR
7 (Table 7). Since a positive gyre index indicates
unfavourable conditions (Hátún et al. 2009a), this
is confusing, but might perhaps be due to the effect
of the gyre index on recruitment. A positive gyre
index will tend to reduce recruitment and therefore
the total number of saithe in the stock, which is
dominated by the young age groups. With density
dependent growth, this should lead to increased
growth as observed in Table 7.

Here we have demonstrated density dependent
growth of young saithe as a result of increased
recruitment when the productivity on the shelf is
favourable. This might seem counterintuitive as
the increased productivity also would be expected
to ensure food availability to the adult saithe. The
adult saithe have, however, moved out off the shelf
area into deeper waters, where the PP-index not is
equally important. Instead, a negative gyre index
might be a better indicator of food availability to
the adult saithe after a lag of 1 to 2 years and Table
7 gives some support to that. An obvious next step
would be to study temporal variability in the diet
to see if the density effects are in terms of amount
of food per capita – or whether the physiological
mechanisms are to be sought elsewhere.
Climatic regulation
Since several parameters of the saithe stock are
correlated to both the PP-index for the Faroe Shelf
DQG WR WKH J\UH LQGH[ LW LV GLI¿FXOW WR GLVWLQJXLVK
between these two as driving agents for the saithe
stock dynamics.
It has been suggested that the controlling
mechanism for the spring bloom is the horizontal
exchange rate between the waters on the shelf and
off-shelf (Eliasen et al. 2005) and this seems further
to be affected by the air-sea heat transfer during
spring (Hansen et al. 2005), providing a potential
link between atmospheric variation and saithe
recruitment.
The circulation strength of the subpolar gyre
is also regulated by air-sea heat loss, not around
the Faroes, but over the Labrador-Irminger Seas
+lNNLQHQDQG5KLQHV :HDNKHDWORVVOHDGV
to a weakening subpolar gyre (negative gyre index),
which in turn, after about one year, results in an
LQFUHDVHLQÀRZRIUHODWLYHO\ZDUPZDWHUPDVVHVLQ
the pelagic domain of the Faroe region. This affects
the whole pelagic ecosystem from phytoplankton
to whales and leads to good living conditions for
species such as blue whiting (Hátún et al. 2009a,
Hátún et al. 2009b). We might therefore expect
some effect of the gyre on saithe recruitment, which
also is indicated in Table 2, although the correlation
FRHI¿FLHQWVDUHVPDOO
6LQFH DLUVHD KHDW ÀX[ LV DQ LPSRUWDQW GULYLQJ
mechanism for both the gyre strength (gyre index)
and the on-shelf primary production (PP-Index)
+lNNLQHQDQG5KLQHV+DQVHQHWDO LW
9

remains uncertain which process is most important
IRUWKH)DURHVDLWKHGLUHFWDWPRVSKHULFLQÀXHQFHRQ
the Faroe Shelf or remote integration of atmospheric
signals in the oceans, and subsequent horizontal
advection of physical and biological anomalies by
the ocean currents.

Conclusions
:H ¿QG WKDW UHFUXLWPHQW RI VDLWKH DW DJH  WR WKH
¿VKDEOH VWRFN LV OLQNHG WR WKH SUH\ DYDLODELOLW\ RI
sandeel and Norway pout during the two preceding
years prior to recruitment. Sandeel has been shown
to be linked to the primary production on the
)DURHVKHOI (OLDVHQHWDO DQGZHGR¿QGD
positive correlation between recruitment of saithe
and the primary production (PP-index) on the shelf,
although this relationship is weak. Recruitment
of saithe was also found to be weakly negatively
correlated to the subpolar gyre index, for which a
negative index is associated with the productivity
in oceanic waters around the Faroe Plateau (Hátún
et al. 2009a). Finally, we demonstrate that increased
recruitment of Faroe saithe results in reduced
growth, where the total stock number appears to
inhibit growth especially from age 3 to age 6. For the
oldest saithe (8 and 9 years of age) no such density
effects were observed. Indices of productivity and
food availability are known between 1 and 4 years
in advance of the recruitment of saithe as 3 year
olds, and therefore there might be a potential for
predicting both recruitment and weight-at-age.
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Seasonal migration of Faroe saithe (Pollachius virens)
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Abstract
Saithe in Faroese waters have been shown to migrate to other regions in the Northeast Atlantic. Whether
this is a permanent change of region, or whether they return each year has not been clear. Here, we analysed
monthly samples from the commercial landings to investigate seasonal variations in individual length. The
results indicate a length dependent seasonal emigration from the sampling area after the spawning period
in January-March, with return migration during autumn. Tagging data from the Faroe Plateau support this
view, whereas taggings on the Faroe Bank indicate that the Faroe Bank may be a feeding area to Saithe
in the North Sea and West of Scotland. Finally, the effects of migration on stock variability is estimated
E\UXQQLQJ9LUWXDO3RSXODWLRQ$QDO\VHVIRUWKUHHVLPSOL¿HGFDVHVRIHPLJUDWLRQFRQVWDQWDWIRU
VDLWKHROGHUWKDQ\HDUVDQGOHQJWKGHSHQGHQWHPLJUDWLRQLQFUHDVLQJWRDW\HDURIDJH7KHUHVXOWV
from this analysis indicate that although the traditional VPA may underestimate absolute stock size of
)DURHVDLWKHWKHUHODWLYHVWRFNYDULDWLRQVDQG¿VKLQJPRUWDOLWLHVDUHYHU\VLPLODU
.H\ZRUGV6HDVRQDOPLJUDWLRQOHQJWKGLVWULEXWLRQ93$

1

Introduction

The Faroe Islands are located on the Faroe Plateau
between Iceland and Shetland on a ridge system
separating the Norwegian Sea from the Atlantic
Ocean (Hansen and Østerhus, 2000). The Plateau
is linked to the Icelandic shelf through the IcelandFaroe Ridge with sill depth slightly less than 500
m. Towards the European continental shelf, the link
goes over Faroe Bank and the Wyville-Thomson
Ridge with sill depth around 600 m. This link
is, however, interrupted by the channel system
consisting of the Faroe-Shetland Channel and its
continuation in the Faroe Bank Channel (Figure 1).
Within the Faroese economical zone, saithe is
PDLQO\¿VKHGRQWKH)DURH3ODWHDXDQG)DURH%DQN
(Figure 2) and most years, saithe dominates the
FDWFKHV RI GHPHUVDO ¿VK LQ )DURHVH ZDWHUV 7KXV
it is an important economic resource and reliable
stock-assessment is a prerequisite for rational
management of the Faroese saithe stock. Annual
stock-assessment efforts have provided data on
stock size from 1961 onwards (ICES, 2011), based
on virtual population analyses (VPA). For lack of
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Figure 1. Bottom topography around the Faroe Plateau.
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Iceland-Faroe Ridge (IFR), the Wyville-Thomson Ridge
(WTR), the Faroe-Shetland Channel (FSC), the Faroe
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detailed quantitative information on migration,
these analyses have assumed the stock to be a
relatively isolated unit.
It has, however, been clear for some time
WKDW )DURH VDLWKH GRHV KDYH VLJQL¿FDQW PLJUDWRU\
behaviour. Tagging in the Faroe area 1959-1966
(Jones and Jónsson, 1971) showed that considerable
proportions of saithe tagged on the Faroe Bank were
recaptured in Icelandic waters, at North and West
Scotland, and in the northern North Sea. Also saithe
tagged on the Faroe Plateau during this experiment
were recaptured outside of the Faroese area.
Recently, Homrum et al. (submitted) have
analysed all available data from tagging experiments
in the Northeast Atlantic and saithe tagged in
Faroese waters exhibited by far the highest rates
of recapture outside the stock-area of tagging.
For saithe exceeding 60 cm in length at recapture,
DERXWRQHWKLUGRIWKHWRWDOQXPEHURI¿VKWDJJHG
in Faroese waters were recaptured in other areas,
especially in Icelandic waters.
Thus, the saithe in Faroese waters do not form
a very isolated stock; but the details of migratory
behaviour are not well known. Apparently, Faroe

saithe have to reach a certain length (~ 50 cm)
before emigrating from the Faroe area (Homrum
et al., submitted); but do the stay abroad once
they have emigrated? Or do they return, e.g. for
spawning? Are there seasonal and/or inter-annual
variations in the rate of emigration? And, if so,
are these variations induced by physiological or
environmental signals.
Some clues to these questions may be found
in the seasonal signals in data collected from
WKH FRPPHUFLDO ÀHHW ¿VKLQJ IRU VDLWKH 6HDVRQDO
variability in behaviour of saithe, e.g. spawning
and feeding periods, as well as in food-availability
implies that growth and condition factor vary
throughout the year. Often, a decrease in the
average length of a saithe cohort is, however, also
observed during the spring and early summer. This
is more readily interpreted in terms of migration,
rather than by physiological processes.
In this study, we analyse data from the
FRPPHUFLDO ÀHHW WR VWXG\ WKHVH SURFHVVHV DQG
combine this with data from tagging experiments
to identify the mechanisms that control migration
of Faroe saithe. From this, we try to estimate the
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effects of migration on stock assessment. We
are not able to generate quantitative time series
of migration rate that can be used to make more
accurate stock estimates, but with an estimate of the
magnitude of the migration rate, we can run some
examples of alternative VPA analyses. These are
PRGL¿HGWRLQFOXGHPLJUDWLRQZLWKGLIIHUHQWVHWVRI
parameters consistent with our (limited) knowledge
of migratory behaviour in order to explore the
magnitude of uncertainties in stock parameters that
neglecting migration in VPA may induce.

2

Material

The material in this study includes data on catches
DQG VDPSOHV IURP WKH FRPPHUFLDO ÀHHW DV ZHOO DV
data from tagging experiments. We also use data on
the stock size from the annual stock assessments.
2.1

Stock data

7KH VWRFNDVVHVVPHQWV RI )DURHVH ¿VK VWRFNV
are quality checked under the ICES framework.
Reports from the ICES working groups contain
both input data and output data for the assessment.
Here, we use the estimated stock-sizes of saithe
at ages 3 to 14 (number at age) and the average
weight at age for the years 1961 to 2010 (ICES,
2011). For ages 3 years and older, Homrum et al.
  ¿QG D UHODWLYHO\ FRQVWDQW )XOWRQ FRQGLWLRQ
factor for Faroese saithe, which implies that the
average weight at age i, wi, should be proportional
to the average length, Li, to the third power. A
PRUH DFFXUDWH ¿W EDVHG RQ WKH VDPH GDWD JLYHV
wi = 1.64·10-5 Li, where wi is in kg and Li in cm.
Using this relationship, we have generated time
series of average length at age for ages 3 to 14 from
1961 to 2010.
 'DWDIURPWKHFRPPHUFLDOÀHHW
6DLWKH LV ¿VKHG WKURXJKRXW WKH \HDU LQ )DURHVH
waters and over fairly wide areas (Figure 2), but
most concentrated east of the islands in an area that
ZH GH¿QH DV RXU ³PDLQ VDPSOLQJ DUHD´ ¶
¶1: ZKLFKLVDOVRWKHPDLQVSDZQLQJ
area (Homrum et al., 2012). The Faroe Marine
Research Institute regularly gathers samples from

the commercial landings, from which age, length
DQGJXWWHGZHLJKWRIHDFK¿VKDUHUHFRUGHG)RUROG
saithe, the number sampled becomes too small to be
statistically meaningful and we only use the length
and age data up to age 9 from these samples.
To study the seasonal variation in length, we
FRPSXWH WKH ³OHQJWK DQRPDO\´ GH¿QHG DV WKH
deviation of the length from linear growth. Due
to monthly gaps in the series, we determine linear
growth by linear regression over three years. To
FDOFXODWHWKHOHQJWKDQRPDO\IRUDJHRIDVSHFL¿HG
cohort, as an example, we regress the average
length for each month through ages 3 to 5 on time
and this is subtracted from the average length each
month in age 4. Only months, for which the average
LV EDVHG RQ DW OHDVW  ¿VK DUH LQFOXGHG DQG WKH
length anomaly values are accepted only if at least
24 monthly values were included in the regression
DQGWKHUHJUHVVLRQFRHI¿FLHQWH[FHHGHG
An often recurring seasonal pattern is a decrease
LQ DYHUDJH OHQJWK GXULQJ WKH ¿UVW  WR  PRQWKV
RI WKH \HDU 7R TXDQWLI\ WKLV ZH GH¿QH WKH ³-DQ
$XJ OHQJWKHQLQJ´ ǻ/JA) by regressing monthly
averaged length each year on time from January to
August and use this to calculate the average length
change in this period. We only include months, for
ZKLFKWKHDYHUDJHLVEDVHGRQDWOHDVW¿VKDQG
ǻ/JA is only calculated for years with at least 6
months of observations in the Jan-Aug period.
7KH FRPPHUFLDO ÀHHW LQFOXGHV YHVVHOV RI
different types, using different gears. We focus
HVSHFLDOO\ RQ WKH ³VWDQGDUG ÀHHW´ ZKLFK LV D
group of pair trawlers (> 1000 HP), using stock
assessments (ICES, 2011).
The cpue values include all age groups, but they
can be converted into number of saithe in each age
group by combining them with the sample data. Let
cpue(t) be the catch per unit effort in tonnes per
hour at time t and let wi be the average weight at
age i that year. If the total number of saithe at age i
that were sampled during the month t was ni and we
assume that the sample was representative, then we
can estimate the number of saithe of age i, caught
per hour, npuei W 
npuei (t )

cpue(t )  ni
¦ nk  wk

(1)

k

where the sum is over all ages, k, in the sample (39). This number should vary with the stock size,
3

EXWZHFDQGH¿QHDQLQGH[UQSXHi(t), representing
the relative number saithe at age i, caught per unit
time in relation to the total number Ni(t) of this
age group in the stock, which is available from the
VWRFNDVVHVVPHQWV

rnpuei (t )

npue(t )  24  365
N i (t )

cpue(t )  ni  24  365
N i (t )  ¦ nk  wk

(2)

k

where we have multiplied by (24·365) so that the
index represents the relative number caught per
year, rather than hour. The index is only calculated
for months with at least 100 saithe sampled, but
IURP  WR  GDWD FRYHUDJH LV VXI¿FLHQW WR
allow calculation of this index for most months.
2.3

Tagging studies

Saithe was tagged in Faroese waters (Faroe Plateau
and Faroe Bank) from 1959-1966 and again in
1975-76 and in 1991. Data from both tagging and
recapture are available such as date, position and
OHQJWK7KH¿VKOHQJWKDWUHFDSWXUHZDVQRWDOZD\V
reported. If length at tagging and days at liberty
were available, the length at recapture was in these
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Figure 3. The relative number of saithe of different age
JURXSVFDXJKWSHU\HDUE\WKHVWDQGDUGÀHHW UQSXHi in Eq.
(2)) in the main sampling area averaged over 1996-2009.
Vertical lines for ages 4 and 9 indicate plus/minus one
standard error. The dashed line represents the expected
decrease of rnpuei for age 8 saithe due to mortality (see
text).
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cases estimated by assuming the von Bertalanffy
growth curve with parameters determined by
Homrum et al. (2012).
In a more comprehensive study, including
most of the saithe stocks in the Northeast Atlantic,
Homrum et al. (submitted) divided the area where
VDLWKHDUHIRXQGLQWRWKUHHVWRFNDUHDVWKH,FHODQGLF
the Faroese, and the Continental stock areas, where
the last one includes both Northeast Arctic saithe
and North Sea saithe.

3

Results

3.1

Catch per unit effort

In Figure 3 is shown the seasonal variation of the
index, rnpuei(t), that represents the relative number
of saithe at age i, caught per unit time, in relation
to the total number of this age group in the stock,
Eq. (2). The youngest saithe, age 4 and to some
extent age 5, are caught relatively more frequently
towards the end of the year. To some extent, this
PD\ UHÀHFW LQFUHDVLQJ UHFUXLWPHQW WR WKH ¿VKHULHV
as they grow in length. The older saithe are caught
most frequently during the time of spawning in
February-March (Homrum et al., 2012) with a
pronounced decrease until June and then again
more frequently.
The values used for Ni(t) in Eq. (2) are the
number at age at the beginning of the year. At this
time, rnpuei can therefore be interpreted as the
¿VKLQJ PRUWDOLW\ )YDOXH  RI WKH VWDQGDUG ÀHHW
$V WKH QXPEHU RI ¿VK LQ DQ DJH JURXS GHFUHDVHV
through the year due to mortality, the values for
rnpuei should decrease similarly. As an example,
WKHDYHUDJH¿VKLQJPRUWDOLW\RIDJH EODFNFXUYH
in Figure 3) for the 1996-2009 period was 0.6,
JLYLQJDWRWDOPRUWDOLW\RI,IWKHWRWDOPRUWDOLW\
were constant through the year and the rnpuei value
started out at 0.15, it would be expected to decrease
as the dashed line in Figure 3 as long as the same
IUDFWLRQ RI DJH  VDLWKH UHPDLQHG DYDLODEOH WR WKH
VWDQGDUGÀHHW7KHORZHUUQSXHi values for autumn,
compared to spring for age 7 and older may thus be
misleading.

Age 4 Age 6
Age 5 Age 7
Age 8

3
2
1
0

-1
-2
-3
Jan

Mar

May

Jul

Sep

Nov

)LJXUH7KHOHQJWKDQRPDO\ GH¿QHGLQVHFWLRQ LQWKH
main sampling area through the year for age groups 4 to 8
on average for cohorts 1986 - 2007.

3.2

Seasonal length changes of cohorts

7KH DYHUDJH VHDVRQDO YDULDWLRQ LQ WKH ³OHQJWK
DQRPDO\´ GH¿QHG DV WKH GHYLDWLRQ RI WKH OHQJWK
from linear growth, shows a regular pattern with
decreasing values from January until July or August
IRUDOODJHJURXSVWR )LJXUH ,QVSLWHRIWKLV
regular behaviour, there is considerable variation
between years, as documented by the variation
LQ WKH ³-DQ$XJ OHQJWKHQLQJ´ ǻ/JA  GH¿QHG LQ
section 2.2 and shown in Figure 5.
,QJHQHUDOZHGRQRWH[SHFWLQGLYLGXDO¿VKWR
consistently shorten during a season and Figure 3
LQGLFDWHV WKDW D ODUJH IUDFWLRQ RI WKH ROGHU ¿VK DW
least, migrate away from the main sampling area
after the spawning period. It seems likely that these
two observations are related, so that the decrease
in average length during spring and early summer
is due to emigration away from the main sampling
DUHD RI WKRVH ¿VK LQ HDFK DJH JURXS WKDW DUH
especially long.
To test this, we have compared the length
distributions during the spawning period (JanuaryMarch) and during summer (June-August) for
the years when there was pronounced shortening
ǻ/JA < -2 cm). For ages 5 to 7, the distributions
do change shape consistent with this hypothesis.
To illustrate this, Figure 6 shows both the original
averaged length distribution for each of these age
JURXSV DQG WKH ³DGMXVWHG´ GLVWULEXWLRQ ZKHUH LW
LV DVVXPHG WKDW DOO WKH ¿VK VKRUWHU WKDQ WKH PRVW
frequent length in summer (lmax) have remained,
whereas a large fraction of the longer ones have left
the area as explained in more detail in Appendix B.
For ages 5 to 7, the Faroe saithe seems to have
critical lengths (55, 61, and 65 cm for ages 5, 6,
and 7, respectively) below which they remain in
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Figure 5. The change in average length from January to
$XJXVW ǻ/JA) in the main sampling area for age groups 4
to 9 in different years.

the main sampling area. Above this limit, a large
fraction of the cohort leaves the main sampling area
in those years when the average length decreases
E\PRUHWKDQFPIURP-DQXDU\WR$XJXVW ǻ/JA
FP 7KHIUDFWLRQRI¿VKIURPHDFKDJHJURXS
leaving the area may be estimated by a simple
model (Appendix B) and the numbers are indicated
on Figure 6.
Neither age group 4, nor saithe older than 7,
exhibit this characteristic change in the shape of
the length distribution. At age 4, saithe are still not
IXOO\UHFUXLWHGWRWKH¿VKHULHVZKLFKPD\PDVND
FKDQJH)RUDJHVDERYHWKHQXPEHURI¿VKLQWKH
samples is small and the length distributions noisy.
Thus, there may be a similar change in the shape
RIWKHGLVWULEXWLRQVIRUWKHVHROGHU¿VKPDVNHGE\
noise. In any case, Figure 4 clearly shows average
VKRUWHQLQJ IRU DOO DJH JURXS IURP  WR  DJH 
KDG WRR IHZ VDPSOHV WR IXO¿OO WKH FULWHULD IRU WKH
analysis, section 2.2).
In the years when the average length increases,
the shape of the length distribution does not change
in the same characteristic manner, but rather seems
to be shifted, consistent with no migration and
individual growth.
For ages 5 to 7, Figure 6, thus, supports the
interpretation that the decrease in average length
in some years is associated with a migration away
IURPWKHPDLQVDPSOLQJDUHDRIWKHODUJHVW¿VKLQ
HDFKFRKRUWLQVRPH\HDUV:HDOVR¿QGWKDWWKHVH
three age groups have similar temporal variations
RIǻ/JADVLQGLFDWHGE\WKHFRUUHODWLRQFRHI¿FLHQWV
LQ7DEOH$JHVHHPVWRIROORZWKLV³\RXQJ¿VK
JURXS´DOWKRXJKQRWDVFORVHO\,QDVLPLODUPDQQHU
DJHV  DQG  DUH SRVLWLYHO\ FRUUHODWHG ZLWK RQH
DQRWKHUEXWWKLV³ROG¿VKJURXS´LVQRWFRUUHODWHG
ZLWK WKH ³\RXQJ ¿VK JURXS´ ZKHQ DOO \HDUV DUH
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Figure 6. Length distribution of saithe in the main sampling area in January - March (blue) and June - August (red) for
individual age groups averaged over those cohorts for which the mean length for that age group decreased by at least 2
cm from January to August. The graphs on the left hand side are unadjusted. On the right hand side the distributions for
June-August are adjusted (Appendix B) so that the area up to the maxima (indicated) equaled the area of the January
 0DUFK GLVWULEXWLRQ IRU WKH VDPH OHQJWK LQWHUYDO 7KH IUDFWLRQV RI ¿VK WKDW KDYH HPLJUDWHG IURP HDFK DJH JURXS DUH
indicated.
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7DEOH  1XPEHUV DERYH WKH GLDJRQDO VKRZ FRUUHODWLRQ FRHI¿FLHQWV EHWZHHQ ³-DQ$XJ OHQJWKHQLQJ´ RI GLIIHUHQW DJH
JURXSVEDVHGRQDOOWKH\HDUV1XPEHUVEHORZWKHGLDJRQDODUHFRUUHODWLRQFRHI¿FLHQWVZKHQWKH\HDULVH[FOXGHG
Numbers in brackets indicate number of years included in each calculation.
Age 4
Age 4

Age 5

Age 6

Age 7

Age 8

Age 9

0.61 (17)

0.37 (17)

0.15 (17)

0.32 (15)

0.35 (16)

0.80 (17)

0.73 (17)

0.06 (15)

0.22 (16)

0.67 (17)

-0.06 (15)

0.15 (16)

Age 5

0.47 (16)

Age 6

0.13 (16)

Age 7

-0.14 (16)

0.62 (16)

0.53 (16)

Age 8

-0.02 (14)

-0.35 (14)

-0.57 (14)

-0.31 (14)

Age 9

-0.03 (15)

-0.19 (15)

-0.33 (15)

-0.15 (15)

0.72 (16)

considered. The year 2004 is clearly exceptional in
Figure 5. If this year is excluded, the correlation
FRHI¿FLHQWV ZLWKLQ HDFK RI WKHVH JURXSV UHPDLQ
positive, but now the two groups seem negatively
correlated, although weakly.
To investigate, what might characterize the
years with pronounced emigration from the main
sampling area as compared with other years, we
KDYH FRUUHODWHGǻ/JA WR WKH DYHUDJH ¿VK OHQJWK LQ
the spawning period, Lsp, (Table 2). For the young
VDLWKH HVSHFLDOO\ DJHV  WR  ǻ/JA is negatively
correlated with Lsp, (Table 2, top row). The two
parameters are not independent, but the second
URZLQ7DEOHVKRZVWKDWǻ/JA for the 5-7 year old
VDLWKHLVDOVRQHJDWLYHO\FRUUHODWHGZLWK¿VKOHQJWK
averaged over the whole year, Lan, which argues
against a statistical artefact.
Thus, the decrease in average length from
January to August of 5-7 year old saithe is
especially pronounced in years when they are
UHODWLYHO\ORQJ7KHFRUUHODWLRQFRHI¿FLHQWVLQ7DEOH
2 and hence this conclusion are not substantially
affected by omitting the exceptional year 2004

0.12 (15)

0.26 (16)
0.71 (15)

0.55 (14)

IURPWKHDQDO\VLV)RUDJHVDQGZHGRQRWVHH
this relationship.
The main sampling area only covers a limited
part of the Faroe Plateau (Figure 2) and the migration
indicated by our results might only be away from
this limited area, but still within the Faroe Plateau.
This may be tested by doing the same analysis on
all the available samples outside the main sampling
area. The number of those samples is somewhat
OHVVEXWWKHSDWWHUQVLQWKHFRUUHODWLRQFRHI¿FLHQWV
are very similar (Table 3), except for age 9 where
the number of samples, however, is very small. This
implies that the seasonal emigration is away from
all our sampling area and hence away from the area
FRYHUHGE\WKHPDLQ¿VKLQJÀHHW
3.3

Tagging experiments

For all saithe tagged in Faroese waters, we have
FRXQWHG DOO UHFDSWXUHV ZLWK ZHOO GH¿QHG ORFDWLRQ
and determined the stock area (section 2.3), in
which they were recaptured. When these numbers

7DEOH  &RUUHODWLRQ FRHI¿FLHQWV EHWZHHQ WKH ³-DQ$XJ OHQJWKHQLQJ´ ǻ/JA ), the average spawning length, Lsp (JanMarch), and the average length for the whole year LAn for age groups 4 to 9 in the main sampling area. The number of
years for each calculation are shown in brackets.

'LJA/Lsp:
'LJA/LAn:

Age 4

Age 5

Age 6

Age 7

Age 8

Age 9

-0.44 (17)

-0.74 (17)

-0.83 (17)

-0.87 (17)

-0.18 (15)

0.08 (16)

0.07 (17)

-0.64 (17)

-0.78 (17)

-0.83 (17)

-0.08 (15)

0.21 (16)

Table 3. As Table 2, but based only on samples outside the main sampling area.
Age 4

'LJA/Lsp:
'LJA/LAn:

Age 5

Age 6

Age 7

Age 8

Age 9

-0.88 (8)

-0.91 (9)

-0.73 (10)

-0.77 (9)

-0.07 (8)

-0.97 (4)

-0.66 (8)

-0.85 (9)

-0.68 (10)

-0.70 (9)

0.27 (8)

-0.94 (4)
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Figure 7. Number of tagged saithe recaptured in the Faroe area, the Iceland area, and the Continental area from taggings
on the Faroe Plateau (top row) and on the Faroe Bank (bottom row). Grey bars indicate saithe longer than 60 cm when
recaptured.

are sorted into months, they exhibit characteristic
features (Figure 7).
For saithe that were tagged on the Faroe Plateau
(top row in Figure 7), the most frequent recaptures
in the Faroe stock area were in Feb-April, i.e.
GXULQJ DQG MXVW DIWHU VSDZQLQJ ZKHUHDV YHU\ IHZ
RI WKHVH ¿VK ZHUH UHFDSWXUHG LQ WKH ,FHODQG VWRFN
area during spawning. This pattern becomes
HYHQ PRUH SURQRXQFHG LI ZH FRXQW RQO\ ¿VK WKDW
exceeded 60 cm in length at recapture (gray bars
LQ)LJXUH 7KLVPD\LQGLFDWHWKDW¿VKWDJJHGRQ
the Faroe Plateau, which migrate to Iceland, will
UHWXUQ³KRPH´WRVSDZQ7KLVSLFWXUHLVQRWDVFOHDU
IRU ¿VK UHFDSWXUHG LQ WKH &RQWLQHQWDO VWRFN DUHD
although the numbers are so small that it is hard to
FRQFOXGHDQ\WKLQJGH¿QLWHO\
For saithe tagged on the Faroe Bank (bottom
row of Figure 7), recaptures in the Faroe stock
area and the Iceland stock area were most frequent
outside the spawning period, whereas recaptures
in the Continental stock area peaked during the
spawning period.
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4

Discussion

4.1

Seasonal migration

Length distributions of 5 to 7 year old saithe were
found to shift towards shorter lengths in summer
(June-August) as compared to January-March
(Figure 6) and more so during years when the
mean length throughout the year was large (Table
2 and 3). This pattern is consistent with emigration
IURP WKH VDPSOLQJ DUHD RI WKH ORQJHVW ¿VK LQ WKH
age groups. The shortening from January to August
was correlated with the length of the saithe for the
age groups 5 to 7 (Table 4). This result shows that
the longer saithe are at e.g. age 6, the more the
length distribution is shifted towards shorter sizes
in summer, i.e. the larger the proportion of saithe
in that age group that are emigrating from the area
in summer.
7KH REVHUYHG VKRUWHQLQJ RI  \HDU ROG VDLWKH
(when most saithe have matured sexually) from
January to August (Figure 4), indicates that smaller
saithe of an age group remain in the area regardless
of spawning.

The sampling area (Figure 2) is also where the
main spawning area is found to be (Homrum et al.
2012). A plausible explanation for the observed
shifts in length distributions is a combination
of spawning and feeding migrations, where the
ODUJHVW ¿VK LQ DQ DJH JURXS DUH PRUH SURQH WR
seek into deeper waters after the spawning period.
Seasonal migration in saithe have been described in
Icelandic waters (Jones and Jónsson 1971) and in
Norwegian waters, where saithe is found to follow
the Norwegian spring spawning herring (Olsen
1959) and is also feeding on herring spawning
grounds (Høines and Bergstad 2005). Jakobsen and
2OVHQ  DOVRGHVFULEHGVLJQL¿FDQWHPLJUDWLRQ
from Northern Norwegian to Icelandic waters, and
to a lesser extent, to Faroese waters. They found
the migration rates to cease after the collapse of
the Norwegian spring spawning herring in the late
1960s (Hamilton et al. 2004).
For 5 year old saithe, the lengths, after which
the emigration is found to occur (lmax), are shorter as
compared with the 6 and 7 year old (Figure 6). This
indicates that it is not the length per se that induces
VHDVRQDO PLJUDWLRQ  RI )DURH VDLWKH KDYH
matured sexually at age around 5-6 (Homrum et al.
  DQG DW OHQJWKV DURXQG  FP XQSXEOLVKHG
data), which is in the range of the observed lmax
values for 5 to 7 year old saithe, further supporting
a connection to spawning behaviour. The lower
UQSXH¶V IRXQG LQ WKH VXPPHU PRQWKV )LJXUH  
give support to the conclusion that it is emigration
that is observed. The consistent pattern found
between samples in the sampling area and samples
outside it (Table 3), implies that the emigration is
from the Faroe Plateau and not only the spawning
area. Whether this is a migration to deeper waters
of the Faroe Plateau, to a more pelagic phase or to
other regions in the Northeast Atlantic can not be
deduced from these data, but tagging studies help
clarify this.
Homrum et al., (submitted) have shown that
saithe tagged in Faroese waters were frequently
recaptured outside Faroese waters when saithe were
larger than 60 cm, and less frequently when they
were between 50 and 60 cm. Below 50 cm there
were virtully never caught outside Faroese waters.
7KRVH¿QGLQJVDUHFRQVLVWHQWZLWKZKDWLVIRXQGLQ
the present study.
The Faroese tagging data presented by month
(Figure 7) support that the observed migration is a
combination of spawning and feeding migration,
DQGWKDWLWLVRIWHQWRRWKHUDUHDV7KH¿VKWDJJHG

RQ WKH )DURH 3ODWHDX WKH PDMRULW\ RI ZKLFK ZHUH
MXYHQLOHVDWWDJJLQJZHUHPRUHRIWHQUHFDSWXUHGLQ
Icelandic waters during the summer months, than
during the winter. This would be consistent with
WKHVH ¿VK EHLQJ RI )DURHVH RULJLQ DQG UHWXUQLQJ
to Faroese waters after a feeding migration in
VXPPHU:LWKUHJDUGVWR¿VKWDJJHGRQWKH)DURH
Bank, most recaptures in Continental waters were
in the spawning period.
Recaptures on the Faroe Bank, on the other
hand, were most numerous in the summer months.
The numbers are low, but rather convincing
and a possible interpretation is that these were
predominantly Continental saithe feeding on
the Faroe Bank. The Wyville-Thompson Ridge
(Figure 1) is actually a shallower passage to the
Faroe Bank than crossing the Faroe Bank Channel.
Also, the depths of the Faroe Bank Channel are
FRQWLQXRXVO\ ¿OOHG ZLWK YHU\ FROG &  ZDWHU
whereas the Wyville-Thomson Ridge (and the
Iceland-Faroe Ridge) only intermittently have very
cold water at the bottom. The tagging experiments
on the Faroe Bank were primarily conducted in the
summer months, which makes the hypothesis of a
Continental origin for many of its saithe plausible.
In conclusion, our results indicate that the
migration behaviour of Faroe saithe involves length
dependent feeding migrations after the spawning
period with a return later in the year. These proposed
K\SRWKHVHV ZRXOG EH FODUL¿HG EHWWHU LI D WDJJLQJ
program using Data Storage Tags was initiated.
4.2

The effect of migration on VPA

The stock-assessment of Faroe saithe is, as for other
similar stocks, based on a virtual population analysis
(VPA), where the main input is the catch of each
age group every year. This analysis assumes the
stock to be an isolated system without substantial
immigration or emigration. For Faroe saithe, this
is clearly not the case, so we have to ask, how
reliable the stock data are. To answer that question
fully, we would need detailed and quantitative
information on both immigration and emigration
rates of various age groups and how they have
changed throughout the assessment period. That is
not possible on the basis of the available data, but
the order of magnitude changes may be estimated
E\VRPHVLPSOL¿HGFDVHVWXGLHV
In these cases, we assume no immigration and
assume that the emigration for each age group
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Figure 8. Number of saithe recruited at age 3 (a) and total number in stock (b) as computed by VPA in three different
cases described in the text.

FDQ EH GHVFULEHG E\ D QXPEHU Į GH¿QHG DV WKH
fraction of that age group that has emigrated from
WKH)DURHVH¿VKLQJJURXQGVRQDYHUDJHRYHUD\HDU
As detailed in Appendix A, the basic equations of
the VPA can under some further assumptions be
PRGL¿HGWRLQFOXGHWKLVDQGZHKDYHLPSOHPHQWHG
a computer program that does this.
The program was run for three different cases
)LJXUH 7KH¿UVWFDVHµ1RPLJU¶KDGĮ IRUDOO
age groups. This should be similar to the standard
VPA and it gave almost exactly the same result for
QXPEHUDWDJHDVWKHRI¿FLDOVHULHVIURPWKH,&(6
UHSRUWV ,&(6   ZLWK FRUUHODWLRQ FRHI¿FLHQWV
of 0.997 or higher for all ages 3 - 13.
,Q WKH VHFRQG FDVH µ&RQVW Į¶ WKH HPLJUDWHG
IUDFWLRQ Į ZDV  IRU DJH  DQG ROGHU DQG ]HUR
for ages 3 and 4. The computed number of 3-year
old and total number in the stock for this case is
VKRZQ E\ WKH UHG FXUYHV LQ )LJXUH  ZKLFK PD\
be compared to the black curves that represent no
PLJUDWLRQ Į  
,QWKHWKLUGFDVHµ/GHSĮ¶DJHVDQGZHUH
DJDLQ DVVXPHG WR KDYH QR PLJUDWLRQ Į    DQG
DJHVDQGKLJKHUWRKDYHĮ )RUDJHV

we assumed length dependent migration, so that
WKHYDOXHIRUĮHDFK\HDUGHSHQGHGRQWKHDYHUDJH
length. When the average length was below the
values for lmaxLQ)LJXUHĮIRUWKDWDJHJURXSZDV
set to zero. For average length above lmaxĮZDVVHW
to increase linearly up to a value of 0.3 when the
average length was lmax +10 cm or higher. This gave
WKHEOXHFXUYHVLQ)LJXUH
As might have been expected, the cases with
migration have higher recruitment and higher total
stock numbers than without migration. For the old
VDLWKH WKH ¿VKLQJ PRUWDOLWLHV UHPDLQ XQFKDQJHG
however (Table 4). This follows from the simplifying
assumption in Appendix A that remote and local
¿VKLQJ PRUWDOLWLHV VKRXOG DOZD\V EH WKH VDPH
:KHQ WKDW LV VR DQG Į LV FRQVWDQW WKH WRWDO ORFDO
+ remote) catch as well as the total number of an
DJHJURXSDUHERWKPXOWLSOLHGE\ Į 7KXVWKH
ratio between them, which gives F (Appendix A),
LVXQFKDQJHG)RUWKH\RXQJHU¿VKZKHUHZHKDYH
DVVXPHGOHVVRUQRPLJUDWLRQ¿VKLQJPRUWDOLWLHVDUH
reduced compared with the no migration case.
For saithe tagged in Faroese waters, more than
RIUHFDSWXUHVORQJHUWKDQFPKDYHRFFXUUHG

Table 4. Fishing mortalities for the three cases shown in Figure 8 averaged over the 1961-2006 period, for which the VPA
should have converged.
Age:

3

4

No migr.:

0.050

0.164

0.296

0.387

&RQVWĮ

0.038

0.119

0.296

0.387

/GHSĮ

0.039

0.125

0.284

0.357

0.379

10

5

6

7

8

9

10

11

12

13

0.412

0.425

0.435

0.449

0.437

0.586

0.477

0.412

0.425

0.435

0.449

0.437

0.586

0.477

0.425

0.435

0.449

0.437

0.586

0.477

in remote stock areas (Homrum et al., submitted).
Thus, the cases considered here are not extreme.
They indicate that the Faroe saithe stock may be
considerably larger than estimated by a standard
93$ PHWKRG EXW WKDW ¿VKLQJ PRUWDOLWLHV PD\ EH
realistic or somewhat overestimated for the younger
saithe.
This does presuppose, however, that immigration
RQWR )DURHVH ¿VKLQJ JURXQGV RI VDLWKH IURP RWKHU
stocks is limited. If there is substantial immigration
from the Continental stock area (Homrum et al.,
VXEPLWWHG  DQG LI WKHVH VDLWKH UHPDLQ VXI¿FLHQWO\
ORQJ WR FRQWULEXWH VLJQL¿FDQWO\ WR WKH )DURHVH
FDWFKHV WKHQ )LJXUH  DQG 7DEOH  KDYH WR EH
PRGL¿HG
)URP)LJXUHLWDSSHDUVWKDWERWKUHFUXLWPHQW
and total stock number have quite similar temporal
variations for the three cases, although the
DPSOLWXGHV DUH GLIIHUHQW 7KLV PD\ EH YHUL¿HG E\
FRUUHODWLRQDQDO\VLV&RPSDULQJWKHµ1RPLJU¶FDVH
ZLWKWKHµ&RQVWĮ¶FDVHWKHFRUUHODWLRQFRHI¿FLHQW
H[FHHGHG  IRU DOO DJHV &RPSDULQJ WKH µ1R
PLJU¶FDVHZLWKWKHµ/GHSĮ¶FDVHWKHFRUUHODWLRQ
FRHI¿FLHQWH[FHHGHGIRUDOODJHV
Stronger length dependence or other temporal
variations, induced e.g. by food availability, may
ZHOO JLYH PRUH YDULDEOH YDOXHV IRU Į EXW WKHVH
KLJK FRUUHODWLRQ FRHI¿FLHQWV VWLOO LQGLFDWH WKDW WKH
µUHDO¶VWRFNYDULDWLRQVPD\ZHOOEHTXLWHVLPLODUWR
those generated by the traditional VPA in a relative,
although not absolute, sense. Although the stock
numbers that we used in Figure 3 may be changed
by including migration in the VPA, this robustness
of relative variations implies that the general look
RI WKDW ¿JXUH DQG WKH FRQFOXVLRQV EDVHG RQ LW DUH
not affected.
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Appendix A

Virtual population analysis with migration
,QDWUDGLWLRQDO93$LWLVDVVXPHGWKDWWKHQXPEHURI¿VKRIDFHUWDLQFRKRUWUHPDLQLQJDOLYHLQWKHVWRFN
DWWLPHWLVJLYHQE\

N 0  e  Z t

N (t )

( A1)

Where the total mortality, Z, is the sum of natural mortality, M, usually assumed constant equal to 0.2, and
¿VKLQJPRUWDOLW\) = 0) 6LQFHWKHFDWFKLVDVVXPHGWREHSURSRUWLRQDOWR1 W WKLVOHDGVWRWKHWZR
EDVLFHTXDWLRQVRIWKH93$ 9LUWXDO3RSXODWLRQ$QDO\VLV PHWKRG7KH¿UVWRIWKHVHDOORZVXVWRFDOFXODWH
the number Ni,kRI¿VKLQDJHJURXSNDWVW-DQXDU\RI\HDULIURPWKHWRWDOFDWFK&i,k of that age group
throughout that year, if we know the mortalities M and Fi,kZKLFKDUHDVVXPHGFRQVWDQWGXULQJHDFK\HDU

N i ,k

M  Fi ,k
Fi ,k

Ci ,k
1 e

( A2)

( M  Fi , k )

7KHVHFRQGHTXDWLRQLV

Ci 1,k 1

Fi 1,k 1

N i ,k

M  Fi 1,k 1

e

M  Fi 1, k 1

1

( A3)

If we have run the VPA backwards through time to the year i, and know the catches in year i-1, the left hand
side of this equation is known, which allows Fi-1,k-1 to be calculated, e.g. by the Newton-Raphson method.
:KHQDIUDFWLRQĮ W RIWKHVWRFNHPLJUDWHVRXWRIWKHDUHDFRYHUHGE\WKHORFDO¿VKLQJÀHHWWKHFDWFK
ZLOOQRORQJHUEHSURSRUWLRQDOWR1 W EXWUDWKHUWR>Į W @Â1 W DQGHTXDWLRQV $ DQG $ KDYHWREH
PRGL¿HG6LQFHZHRQO\DLPWRHVWLPDWHWKHRUGHURIPDJQLWXGHHIIHFWRIPLJUDWLRQRQWKH93$ZHFDQ
make some simplifying assumptions. First, we assume that the total mortality is the same in the remote
areas, to which saithe has emigrated, as in the local area. Then the local catch of an age group over a year
PD\EHZULWWHQ

C

³ F  >1  D (t )@ N (t )dt

N 0  F  ³ >1  D (t )@ e  Z t dt | >1  D !@

F
N 0  1  e Z
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( A4)

ZKHUH WKH LQWHJUDO LV RYHU WKDW \HDU DQG Į! LV WKH DYHUDJH YDOXH RI Į WKURXJK WKH \HDU 7R FKHFN WKH
ODVWDSSUR[LPDWLRQLQ(T $ ZLWKVHDVRQDOPLJUDWLRQDVVXPHWKDWĮ W LVHTXDOWRÂĮ!IURP0DUFK
WR$XJXVW DQG ]HUR DQG ]HUR IRU WKH UHVW RI WKH \HDU PDNLQJ Į! WKH DQQXDO DYHUDJH:LWK )  LH
= DQH[DFWFDOFXODWLRQRI(T $ ZRXOGUHVXOWLQUHSODFHPHQWRIWKHEUDFNHW>Į!@LQWKHODVWWHUP
RI $ E\>ÂĮ!@7KXVWKHDSSUR[LPDWLRQJLYHVDQHUURURILQWKLVH[DPSOH$FFHSWLQJWKH
DSSUR[LPDWLRQOHDGVWRWKHUHSODFHPHQWRIHTXDWLRQV $ DQG $ E\

N i ,k
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and

Ci 1,k 1
1
1  D i 1,k 1 N i ,k

Fi 1,k 1
M  Fi 1,k 1

e

M  Fi 1, k 1

1

( A6)

ZKHUH Įi,k LV WKH DYHUDJH YDOXH RI Į IRU DJH JURXS N LQ \HDU L ,I WKH YDOXHV IRU Įi,k can be estimated, a
PRGL¿HGYHUVLRQRIWKH93$LVHDVLO\LPSOHPHQWHGDQGUXQ

Appendix B

$GMXVWPHQWRIOHQJWKGLVWULEXWLRQV
The change of shape of length distributions from the spawning period to summer in some years may be
LQWHUSUHWHGLQWHUPVRIVHDVRQDOHPLJUDWLRQWKURXJKDVLPSOHPRGHOZKHUHZHDVVXPHWKDWDOOWKH¿VKWKDW
are shorter than the peak length (lmax) in the summer distribution (red curves in Figure 6) are those that did
not migrate away. Let NspEHWKHQXPEHURI¿VKRIDFHUWDLQDJHJURXSRIDFRKRUWLQWKHPDLQVDPSOLQJDUHD
at spawning (January-March) and let fsp(l) be the length (l) distribution (normalized to one). Similarly, Nsu
and fsu(l) represent number and distribution in the main sampling area of the same age group and cohort
during summer (June-August) whereas Nmi and fmi O  UHSUHVHQW WKRVH ¿VK RI WKLV DJH JURXS DQG FRKRUW
that migrated away. If we can ignore mortality and individual growth during the intervening months, this
UHTXLUHV

N sp

N su  N mi

and

N sp  f sp (l ) N su  f su (l )  N mi  f mi (l )

for all l

( B1)

In the suggested model, fmi O ZRXOGEH]HURIRUDOOOOmax7KLVLPSOLHV
lmax

lmax

l 0

l 0

N sp ¦ f sp (l ) N su ¦ f su (l )



N su

D  N sp

and

N mi

(1  D )  N sp

( B 2)

ZKHUHĮLVWKHIUDFWLRQRI¿VKWKDWUHPDLQZLWKLQWKHPDLQVDPSOLQJDUHDJLYHQE\
lmax

D

¦f

sp

¦f

su

l 0
lmax

(l )
( B3)
(l )

l 0

which can be calculated from the observed distributions for each age group and cohort. From this, we can
GH¿QHDQHZVXPPHUGLVWULEXWLRQIXQFWLRQJsu O  ĮÂIsu(l), which is normalized with respect to the original
QXPEHU RI ¿VK LQ WKH VSDZQLQJ VHDVRQ UDWKHU WKDQ WKH QXPEHU GXULQJ VXPPHU7KLV LV WKH GLVWULEXWLRQ
IXQFWLRQXVHGWRSORWWKHUHGFXUYHVLQ)LJXUHDQGWKHIUDFWLRQVLQWKDW¿JXUHOLVWHGDV³(PLJUDWHG´DUHĮ
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Abstract
Since 1961, mean weight at age of Faroe saithe has fluctuated by a factor of two, the
lowest mean weights at age coinciding with large stock sizes. One causal mechanism
could be density dependence, where limited local food resources are being shared by
the total stock. Another possibility is immigration of individuals from other areas that
have experienced a different growth during their life. This may be related to the fact
that the stock size of Faroe saithe fluctuates in much the same way as the combined
stock size of saithe in Icelandic and Norwegian waters. At the same time, it is found
that the stock size variations of Faroe saithe are very well correlated with the Subpolar
gyre index, which is associated with food availability in the area. The Subpolar gyre
index is controlled by climatic variations, which probably also affect migration of
saithe. Stomach content analyses have been conducted twice annually on the Faroe
Plateau since 1997, and here we use these and other data on saithe, to clarify whether
density dependence explains the observed variations in mean weight at age.

Keywords: Density dependence, growth, saithe, stomach content analysis, Subpolar
gyre index
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Introduction
Saithe (Pollachius virens) is an important actor in the Faroese marine ecosystem, and
its fishery is economically important. The biology of saithe in Faroese waters is well
known and the main spawning is in February on the eastern slope, at 150-350 m
depths. The nursery grounds are close to land during the first two-three years. The
saithe subsequently moves to the deeper areas of the Faroe Plateau, the banks to the
west of the Faroes and the Iceland-Faroe ridge. Faroe saithe reaches sexual maturity at
approximately age 5. Main prey of saithe on the Faroe Plateau are blue whiting
(Micromesistius poutassou), krill (Euphasiacea) and Norway pout (Trisopterus
esmarkii) (Højgaard, 1999; í Homrum et al., 2009).
Stock assessments of Faroe saithe have been conducted since 1961, and so there are
time series available of e.g. stock size, maturity-at-age and size-at-age (Anon.
NWWG report, 2009). Mean weight at age has fluctuated by a factor of two in this
period and is fluctuating inversely to the total stock biomass (Figure 1). What causes
these fluctuations is still not clear. One feasible explanation could be density
dependent growth, where a (roughly) constant food supply is shared by a variable
number of fish. But there are other possible explanations as well, some of which do
not assume, that the Faroe Plateau is a closed system in terms of either horizontal or
vertical distribution.
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Figure 1. Mean weight at age of saithe on the Faroe Plateau is highest when stock size is low. Stock size
and mean weight at age are acquired from the stock assessment.
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Figure 2. Total stock biomass (age 3+) of saithe on the Faroe Plateau is negatively correlated to the SPGindex (note secondary y-axis is inverse), when the saithe biomass is lagged 4 years behind. A negative
SPG-index implies increased productivity in the area west of the Faroe Islands.

The total stock biomass of saithe on the Faroe Plateau seems to be linked to open
ocean productivity. Primary production over the deeper regions of the Faroe Plateau is
not well documented, but there are other indicators. The varying surface current
system of the Subtropical gyre (STG) and the Subpolar gyre (SPG) in the north
Atlantic has great impact on the productivity in this area. Warm and saline water from
the STG and cold, less saline water from the SPG mix in the area south of Iceland and
west of the Faroes (Hatun et al., 2005). The STG is associated with higher
productivity. The relative influence of the STG and SPG to the water masses west of
the Faroes is described by the SPG-index (Hatun et al. 2005). A low gyre index is
equivalent to a weak sub-polar gyre and therefore the conditions near the Faroes
become warmer and more saline. The relative contribution of these two water masses
therefore impact higher trophic levels in Faroese waters, which has been shown for
zooplankton, fish and marine mammals (Hatun et al., 2009a; 2009b).
The oscillating SPG alters productivity – and thereby food availability – as well as the
physical environment of saithe on the Faroe Plateau. A strong relationship has been
found between the total stock biomass of saithe in Faroese waters and the SPG-index,
with large stock sizes occurring 4 years after the SPG has been weak (Steingrund and
Hatun, 2008) (Figure 2).
We are left with the contradiction that increased productivity in the area is associated
with an increased stock, but the individual fish decrease in size. Since 1997 stomach
content analyses have been conducted, and these quantify the food-intake of saithe. In
this paper we attempt to clarify whether the negative correlation between stock size
and mean weight at age can be linked to density dependent mechanisms, i.e. reduced
growth as a consequence of reduced food intake.

3

Material and methods
Stomach contents: Stomach content analyses of saithe have been conducted twice
annually (March and August) on the Faroe Plateau since 1997. Stomachs have been
sampled and sorted onboard the research vessel “Magnus Heinason”. Fish weight and
length, sex, maturity and age are available for all stomach samples as well as fishing
depth and position. For this study total weight of stomach contents has been used to
quantify the food-intake of saithe. Only the August survey has been used, since it is
possible that spawning behaviour might alter feeding behaviour in March.
Growth: To assess changes in mean weight at age, growth has been calculated. In this
case sampling of the commercial landings of large pair trawlers was chosen, as this is
a large material available throughout the year; the fish weights available from the
commercial landings are from gutted fish. Most weight is gained from august to
December, and mean weight was calculated for this period. Growth was then
calculated as the difference between one year and the previous.
The correlation between stomach contents and growth was assessed using regression
analysis. Growth was the dependent factor and stomach contents the independent
factor.
Because both growth and stomach content data are noisy, the regression analysis was
evaluated, by inspecting the relative contribution of measurement errors to the
variance. This was done assuming, that the standard error (SE) of growth and stomach
contents are proxies for the measurement errors, and computing the relative
contribution of measurement errors, C.

C

1 n 2
1 n
2
g i  D 2  ¦ mi
¦
ni1
ni1
(1  R 2 )  S 2

where
C is the relative contribution of measurement errors
gi is the SE associated with growth measurements in distinct years i
mi is the SE associated with stomach content measurements in distinct years i
n is the sample size of g and m
D is the slope of the regression between growth and stomach contents
R is the correlation coefficient of the regression
S2 is the total variance of the growth
If this fraction is small (C << 1), then measurement errors contribute little to the total
error and we conclude that a linear relationship between G and M is not well
supported. If, however, C approaches 1, then the lack of correlation may well be due
to the measurement errors, and we cannot conclude whether a linear relationship is a
reasonable hypothesis, or not. For details, see appendix 1.
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Figure 3. Regression of growth onto food-availability described by stomach contents shows, that
there is no correlation between stomach contents in august, and growth from the previous autumn.
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Results
There is no correlation between stomach contents and growth in weight of saithe in
age-groups 4-9 on the Faroe Plateau (Figure 3 and Table 1). The R2 values are low in
all cases, and the correlations not significant. In addition the slope D of the regression,
in no case is significantly different from zero.
The C-values in table 1 show that for age 5, 6 and 7 the relative contribution of
measurement errors are low (C<<1), and therefore the lack of correlation between
stomach contents and growth in weight can not be attributed to noisy data. For age 4,
8 and 9, the measurements errors are high (C|1) and the lack of correlation might be
due to noisy data.

Table 1. Summary of regression-analysis between stomach contents and growth of saithe on the Faroe
Plateau. The C-value is elaborated to evaluate whether the lack of correlation may be due to noisy data.
Age 4
Age 5
Age 6
Age 7
Age 8
Age 9
Regression:
R2
0.23
0.04
0.12
0.14
0.01
0.00
p-value
0.14
0.55
0.30
0.25
0.77
0.89
Intercept
100
191
315
436
675
621
slope
1.84
1.45
1.57
1.77
0.22
-0.22
-0.72
-3.80
-1.68
-1.52
-1.45
-3.83
Lower 95%
4.39
6.71
4.82
5.05
1.88
3.40
Upper 95%
C-value

1.56

0.14

0.13

0.28

0.83

1.07

Discussion
Our purpose was to investigate whether the negative correlation between stock size
and mean weight at age was due to density dependent mechanisms - that is less food
per capita, when stock size is large and subsequent poor growth.
Growth of all observed age-groups (4-9) exhibited no correlation to food quantity. For
ages 4, 8 and 9 this may well have been due to large variation in the data-sets (Figure
3 and Table 1). For ages 5, 6 and 7 the lack of correlation between stomach contents
and growth cannot be attributed to noisy data, because the relative contribution of
measurement errors was small (C<<1 (Table 1)). For these age-classes, this result
would imply that the growth is not controlled by food intake. This conclusion, of
course, presupposes that both growth and stomach content have been adequately
sampled, and that may be questioned. Our stomach content data are sampled during
four weeks in August each year, and it could be argued that this is not representative
for the whole period.
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Figure 4. Growth progress from age 3 to 9 of saithe in Faroese waters is oscillating with maximum
weight in winter. There are significant interannual fluctuations, here exemplified with five years. The
lines are 3 month running average of weight.

There is, however, another line of evidence that supports our result. This is illustrated
in Figure 4, which shows how the weight changed with age for five different cohorts.
This figure clearly shows that in some cases the growth from one year to another
depended as much on the weight decrease during part of the year as on the increase
during the rest of the year.
For some cohorts or in some periods, Figure 4 explains why a relationship between
food intake and growth is not to be expected, but what is the reason for this
behaviour? A priory, at least three different mechanisms may be considered:
x

Reproductive biology. The increased weight loss in spring after a large weight
gain the previous winter might be linked to spawning. In these periods, larger
reserves could conceivably be translocated to spawning products than when
the weight gain has been moderate.

x

Exchange with neighbouring stocks. Immigration from an area with slower
growth in some periods would result in reduced mean weight at age in the
stock. Stock sizes of saithe in the North Atlantic are to some extent cofluctuating, indicating either connectivity between the stocks, or that all stocks
are being governed by similar conditions. Migration between the Norwegian,
Icelandic and Faroese saithe stocks has been shown (Jakobsen and Olsen,
1987; Jones and Jónsson 1971), but the fluctuations in the Faroese mean
weights at age seem to exceed variations that could be caused by migration
alone.
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x

Habitat changes in relation to fishing fleets. The basic data behind the mean
weight at age values and the growth curves in Figure 4 are sampled by bottom
trawls. The fraction of the stock that is sampled, therefore, depends on the
vertical and horizontal distribution of saithe. And whether this distribution
varies throughout the year. The fluctuations could then originate from
differences in growth of a pelagic population compared to a demersal
population. There is some by-catch of saithe in the blue whiting fishery
(Lamhauge, 2004; Ofstad 2007), illustrating that blue whiting is the main prey.
A consequence of this might be, that saithe predominantly in the pelagic might
experience increased growth compared to those living mainly demersally.

At present, we do not know, which of these – or alternative – mechanisms dominates,
but they open the possibility that the generally accepted values for mean weight at age
(Figure 1) may not necessarily be representative for the total stock. If this is borne out
by future research, the apparent contradiction between Figures 1 and 2 may be
removed and the question posed in the title answered.
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Appendix 1
Assume that there is a linear relationship between the growth of saithe, G, and their
stomach content, M, in an intermediate period, but that this relationship is also
disturbed by other processes:
Gi

G0  D  M i  E i

(1)

Here, Gi is the growth from one age to the next (e.g. from age 5 to age 6) for the year i
and Mi is similarly the stomach content, whereas Ei is an error term, representing
other disturbing processes.
In order to analyze this, we regress measured growth against measured
stomach contents. The measured values are, however, degraded by uncertainty. If Gi’
and Mi’ are the measured parameters, they will be related to the ”real” values by:
Gi ' Gi  g i

and

Mi'

M i  mi

( 2)

where gi and mi are measurement errors. Combining these equations, we get:
Gi ' G0  D  M i ' ( Ei  g i  D  mi )

(3)

The term in brackets is the error term in the regression, which degrades it and reduces
the correlation coefficient. It is composed of the measurement errors in the two
parameters (gi and mi) and the deviation (Ei) from a linear relationship. We now
assume, that the measurements are unbiased and that a constant value in Ei can be
included in G0. This implies that all the error terms have zero average values:

gi

mi

Ei

0

( 4)

If, furthermore, we assume that the various error terms are uncorrelated, the variance,
S2 of Gi’ can be expressed as:
S2

1 n
¦ (Gi '  G ) 2
n i1

D2 

1 n
1 n 2 1 n 2
1 n
2
( M i '  M ) 2  ¦ E i  ¦ g i  D 2  ¦ mi
¦
n i1
n i1
n i1
n i1

(5)

The first term on the right hand side is the part ”explained” by the assumed linear
relationship and is equal to R2 · S2 where R is the correlation coefficient. The rest is
the ”unexplained” part:
1 n 2 1 n 2
1 n
2
E i  ¦ g i  D 2  ¦ mi
¦
n i1
n i1
n i1

(1  R 2 )  S 2

( 6)

If the correlation is low (R2 << 1), it may be because the assumed linear relationship
in (1) is swamped by other processes, which are represented by Ei, but it may also be
due to the measurement errors (gi and mi). To assess this, we define the relative
contribution of measurement errors by:
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1 n 2
1 n
2
g i  D 2  ¦ mi
¦
ni1
ni1
C
(7 )
(1  R 2 )  S 2
If this fraction is small (C << 1), then measurement errors contribute little to the total
error and we conclude that a linear relationship between G and M is not well
supported. If, however, C approaches 1, then the lack of correlation may well be due
to the measurement errors and we cannot conclude whether a linear relationship is a
reasonable hypothesis, or not.
In order to employ this relation, we need to be able to compute the terms in the
numerator of (7). For Į, we use the coefficient from the regression analysis. To
estimate the magnitudes of the mi2, we note that the stomach content for each year is
derived as an average over a number of individual fish stomachs:
Mi'

1
Ni

Ni

¦M

i ,k

(8)

k 1

The uncertainty of this value is the standard error and we therefore use the standard
error associated with (8) as a measure of mi. A measure for gi can be derived in a
similar way, but with a small difference, since the growth from one year to another is
determined as a difference between between the mean weight Wi,a of a year class one
year minus the mean weight Wi-1,a-1 of the one year younger yearclass, the year before.
We, therefore, use:
gi

2

SE (Wi ,a ) 2  SE (Wi 1,a 1 ) 2

( 9)

where SE denotes standard error.
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Abstract
7URSKLFSDWKZD\VIURPSK\WRSODQNWRQWR¿VKDQGVHDELUGVDUHLQYHVWLJDWHGIRUWKH)DURH6KHOIHFRV\VWHP
While the sum of cod, haddock and saithe production correlated highly with phytoplankton production, the
DPRXQWRIVDQGHHOVVHHPHGWRGHWHUPLQHZKHWKHUWKHHQHUJ\VKRXOGÀRZWRFRGKDGGRFNDQGVHDELUGVRUWR
saithe. Zooplankton density seemed to affect sandeels negatively, probably via the interaction with Norway
pout. It is proposed that abundant zooplankton predators, such as herring, may keep the ecosystem in a
steady state dominated by sandeels, cod, haddock and seabirds whereas a low abundance of zooplanktonFRQVXPLQJ¿VKPD\OHDGWKHHFRV\VWHPWRÀXFWXDWHEHWZHHQWKHIRUPHUVWDWHDQGDVWDWHGRPLQDWHGE\
Norway pout and saithe.

1

Introduction

The Faroe Shelf ecosystem (Figure 1) may be
regarded as a distinct neritic ecosystem where
the water masses circulate in a clockwise manner
around the Faroe Islands (Larsen et al., 2008)
DQG UHWDLQ ¿VK HJJV DQG ODUYDH ZLWKLQ WKH V\VWHP
(Gaard and Steingrund, 2001; Steingrund and
Gaard, 2005). An index of primary production has
been developed that shows large variations between
years (a factor of 5), which are propagated through
WKH IRRG ZHE IURP ]RRSODQNWRQ YLD IRUDJH ¿VK
VDQGHHOV  WR GHPHUVDO ¿VKHV FRG KDGGRFN  DQG
seabirds (Gaard et al., 2002).
A close relationship has been observed
between primary production and cod production,
i.e., numbers times growth summed up for all age
groups, and both variations in recruitment and
individual growth contributed to the relationship
(Steingrund and Gaard, 2005). Steingrund et al.,
(2010) further elaborated the factors behind the
variability in cod recruitment, which was explained
by cannibalism and the presence (biomass) of the
non-recruiting part of the cod population, although
no mechanism was obvious for the latter factor.

The relationship between the primary production
and cod production seemed to explain that large
cod catches were observed in 1996 after three
years of above-average primary production (19931995). The same happened again in 2002 after three
preceding years of high primary production (19992001). However, the third time this happened, i.e.,
in 2011 after above-average primary production in
2008-2010, the expected large catches of cod were
QRWREVHUYHGDQGWKHJURXQG¿VKVXUYH\LQ0DUFK

Figure 1. The study area covering the Faroe Plateau,
which is located between Iceland, Scotland and Norway.
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2012 did, in fact, indicate a fairly low size of the
cod stock on the Faroe Plateau.
Such observations beg for further research, and
the goal of the present paper is to investigate the
trophic relationships on the Faroe Plateau in more
GHWDLO 6SHFL¿FDOO\ LW LV LQYHVWLJDWHG ZKHWKHU WKH
WURSKLFHQHUJ\ÀRZVWRDOWHUQDWLYH¿VKVSHFLHVWKDQ
FRGDQGWKHOLQNEHWZHHQSK\WRSODQNWRQDQG¿VK
LH ]RRSODQNWRQ DQG IRUDJH ¿VK LV LQFOXGHG LQWR
the research.

2

Materials and methods

2.1

Primary production

A measure of the annual accumulated new primary
production (PP-index) in the Faroe shelf water
during spring and summer was calculated based on
the reduction in nitrate concentration from winter
OHYHOVXQWLOD¿[HGGDWH -XQH HVWLPDWHGQHW
LQÀX[ RI QLWUDWH IURP WKH VXUURXQGLQJ RIIVKHOI
water during the same period (Gaard 2003, Debes
et al., 2008).
2.2

Zooplankton biomass

Zooplankton samples were collected annually
EHWZHHQ  DQG  -XQH  RQ  ¿[HG
stations that were dispersed over the shelf and
slope. The samples were collected by vertical hauls
from 50 meters depth to the surface, using a WP-2.
The net had a mesh size of 200 μm and a towing
speed of 0.3-0.5 m sec-1. The samples were dried at
60-65°C until they reached constant weight.
2.3

Fish stomach content

'LUHFWGHQVLW\HVWLPDWHVRIWKHIRUDJH¿VK1RUZD\
pout (Trisopterus esmarkii) were obtained from the
DQQXDO VSULQJ JURXQG¿VK VXUYH\ ZKLFK RFFXSLHV
¿[HGVWDWLRQVRIRQHKRXUGXUDWLRQ QDXWLFDO
miles towed) during daytime from late February
and four weeks onward on depths between ~70 and
520 meters. The research vessel ‘Magnus Heinason’
has been used for the purpose since 1983. The doors
are of the Steinham type, using either bridles of 60
m length (bottom depth < ~140 m) or 120 m length
(bottom depth > ~140 m). The trawl is a box trawl
2

with length between the wing tips of approximately
18 meters. The mesh size in the cod-end is 40 mm.
Prior to 1992 a random design was used and in 1992
D PL[WXUH RI UDQGRP DQG ¿[HG VWDWLRQV$ VXUYH\
LQ$XJXVWZDVLQLWLDWHGLQFRYHULQJ¿[HG
stations during day and night, and half of them were
the same as in the March survey.
The survey catch (most often weighed but
occasionally estimated) was sorted into species, and
subsamples were analysed in case of large catches,
where sample weight (2 to 100 g resolution) and
length in millimeters were recorded. Subsamples of
those were analysed in more detail: length (mm),
weight (g), sex, maturity status and age (otoliths).
Catch of Norway pout in kilo per hour was
calculated for each tow and log-transformed, i.e.,
ORJ NJKRXU 7KHWRZVZHUHDVVLJQHGWRWKUHH
depth strata (70-150 m, 151-250 m and 251-520 m)
and the average was taken of the log-transformed
catch-per-unit-effort (CPUE) values for each
stratum. Then the average of the three strata was
FDOFXODWHG7KLVSURFHGXUHUHGXFHGWKHLQÀXHQFHRI
exceptionally large catches and seemed to perform
better for cod (when compared with the age-based
assessed biomass) than the untransformed values. It
also performed well for saithe.
'HQVLW\HVWLPDWHVIRUWKHRWKHUPDLQIRUDJH¿VK
species, sandeel (most likely Ammodytes marinus
and referred to as “sandeels”) were obtained from
stomach samples of cod, haddock and saithe in
WKH VSULQJ DQG VXPPHU JURXQG¿VK VXUYH\V RQ WKH
Faroe Plateau 1997-2010. The stomachs were
VDPSOHG UDQGRPO\ IURP DJHGHWHUPLQHG ¿VK 7KH
stomach content was assorted by taxonomic groups
and digestion level (1: not digested at all – often
eaten in the trawl, 2: little digested, 3: moderately
digested, 4: much digested and often in fragments,
and 5: totally digested and not possible to assign to
any taxonomic group). The balance had a precision
of whole grams and values less than 1 were treated
as zero. Specimens eaten in the trawl were excluded
from the analysis and empty stomachs were
included. Since the number of stomachs usually
was large (> 100), an arithmetic mean was used to
quantify the amount of sandeels in the stomachs.
The stomach content was standardized to predator
length, i.e., divided by the length (mm) in the
third power and multiplied by 108, so the index
corresponded closely to the percentage of predator
weight. Hence, an index of 2 indicated that the
weight of sandeels in the stomach corresponded to
2 % of the (ungutted) predator weight. A number

RIRWKHUSUH\WD[DZHUHDOVRTXDQWL¿HGLQWKHVDPH
way as sandeels.
We compiled charts of the spatial distribution
of sandeels, Norway pout and benthic Crustacea.
Sandeels seemed to be the preferred prey of all
the three predator species (cod, haddock and
saithe), since the fullness in the stomachs was
positively correlated for these species, although
haddock preyed seldom on sandeels. Hence, all
three predator species were used with regards to
sandeels. With regards to Norway pout, we chose
to use only the saithe stomachs, because saithe did
seldom prey on benthic invertebrates. With regards
to benthic Crustacea, we choose to use the results
from haddock stomachs, because haddock preyed
OLWWOHRQVDQGHHOV0RUHVSHFL¿FDOO\WKHUHVXOWVIURP
March at depths less than 150 were used, since they
correlated best with other data (for depths greater
than 150 meters in March as well as to the data
for August at depths less than 150 m). The charts
showed results for three 3-year periods: 1999-2002
(sandeels abundant, high primary production),
2003-2006 (sandeels scarce, below-average
primary production) and 2007-2010 (sandeels
scarce, but above-average primary production).
The stomach estimates of sandeels (and other
prey taxa) during 1997-2010 were compared with
the stomach investigations on the Faroe Plateau
in the period from 1949 to 1962 (Rae, 1967). Rae
investigated only cod and did not have balances
available, and the abundance of prey taxa was,
therefore, expressed as frequency of occurrence,
LHWKHSHUFHQWDJHRIFRGKDYLQJHDWHQWKHVSHFL¿HG
prey taxa. The results for all years were pooled and
grouped into ten areas on the Faroe Plateau. These
areas covered, in average, the depth range from 102
to 165 meters. Cod sizes were grouped into two
categories (up to 50 cm and above 51 cm length).
,Q WKH SUHVHQW SDSHU ZH ¿UVW FDOFXODWH DEVROXWH
abundances of prey taxa for the ten areas in Rae’s
material, add them together, and divide them by the
total number of stomachs (empty and non-empty),
i.e., we get frequency of occurrence estimates
for the various prey taxa on the Faroe Plateau for
the period 1949-1962. For comparison, the same
SURFHGXUH FRGFPOHQJWKDQGGHSWKVEHWZHHQ
102 to 165 meters) is used for the stomach material
1997-2010, as well as during the “sandeel years”
2000-2002.

2.4

Fish

The abundance, growth and biomass of cod,
haddock and saithe was obtained from the agebased assessment found in ICES (2011), covering
the period from 1961 to 2010 (haddock from 1957).
For cod, there were catch-per-unit-effort (CPUE)
estimates (in tonnes per million tonne-hours, Jones,
1966; Jákupsstovu and Reinert, 1994; Steingrund et
al., 2010) available from 1924 to 1972. In addition,
there were CPUE-data for the period 1906 to 1925
in cwts per day the vessels were absent from port (1
cwt = 112 lb = 50.8 kg according to http://en.wiki
pedia.org/wiki/Hundredweight). These two series
had two points in common (1924 and 1925), and
the latter was raised to the level of the former series
in order to cover the whole period from 1906 to
1972. A regression was made between the CPUEVHULHVDQGWKHDJHELRPDVV IURPWKHDJHEDVHG
assessment) for the overlapping period 1961 to
1972, and biomasses extended back to 1906 (with
gaps during the two world wars).
The biomasses of cod, haddock and saithe were
also extended back in time by using the earliest
biomass estimates as starting points and then using
the surplus production per capita (average value
for the years covered by the age-based assessment)
combined with catch data to estimate biomasses
stepwise back in time (Eero and MacKenzie, 2011).
The surplus production per capita (SPR) of saithe
prior to the stock assessment period was set to the
average value for 1961 to 1977, because Eero and
0DF.HQ]LH  GHWHFWHGVLJQL¿FDQWFKDQJHVLQ
SPR for Faroe saithe during the assessment period.
,WPLJKWEHH[SHFWHGWKDWDORZGLUHFWHG¿VKHU\IRU
saithe prior to 1939 could have underestimated
saithe biomasses further back in time, but Eero
and MacKenzie (2011) present material showing
WKDWYDULDWLRQVLQ¿VKLQJPRUWDOLW\KDGOLWWOHHIIHFW
on their biomass estimates back in time. For cod, a
comparison was made with the biomass estimates
obtained from the CPUE-data, which led to the
exclusion of the period around the Second World
War (1937-1947) due to a marked discrepancy.
7KHSURGXFWLRQRI¿VKE\DJH VHH6WHLQJUXQG
and Gaard, 2005) was calculated as the number of
individuals in the beginning of the year y (taken
directly from the stock number-at-age table in the
age-based assessment) multiplied by the individual
cohort growth from mid year y-1 to mid year y,
e.g. the number of 5-year-old cod in January 1975
multiplied by the weight increase of 4-year-old cod
3

in 1974 to 5-year-old cod in 1975. All age classes
were then summed up. The weights of 1-year-old
cod and haddock, as well as 1-2 year-old saithe, were
not available in the weight-at-age matrix and were
thus based on survey weights in August averaged
for the 1996-2011 period, i.e., a constant value for
all years. The number of 2-year-old saithe was not
available in the number-at-age matrix, and was thus
calculated as the number of 3-year-old saithe the
next year multiplied by exp(0.2), where 0.2 denoted
the natural mortality rate. Hence, the last year of
saithe production was for the year 2008, since 2009
(providing age 3 saithe) was considered to be the
last year of reliable stock estimates (2010 omitted).
Hence, production estimates were available for
DJHFRGDQGVDLWKHIURPWRDQGIRU

KDGGRFNIURPWR7KHSURGXFWLRQ¿JXUHV
(from mid year y to mid year y ZHUHFRPSDUHG
with the primary production in May-June year y. A
moving 3-year average of primary production was
also compared with production estimates.
2.5

Seabirds

The attending guillemots Uria aalge have been
monitored on a breeding cliff “Høvdin”, which is
the largest guillemot colony on the Faroe Islands
2OVHQ   7KH ¿UVW FHQVXV ZDV PDGH LQ 
(Joensen 1963, Joensen in litt.) and repeated in
1972 (Dyck and Meltofte 1973, 1975). Since 1973
the attending birds have been counted individually

Table 1. Stomach content (corresponding to per mille of body weight) of cod, haddock and saithe on the Faroe Plateau
 %ROG ¿JXUHV LQGLFDWH YDOXHV JUHDWHU WKDQ WKH  SHUFHQWLOH   DQG µµ LQGLFDWHV VWULFW ]HUR YDOXHV
Crustacea comprised almost entirely benthic Crustacea for cod and haddock, whereas krill represented the vast majority
for saithe.
Depth

Month

Cod

Haddock

Saithe

Cod

Haddock

Total content
60-150 m

Saithe

Fish

Cod

Haddock

Saithe

Number of stomachs

March

6.88

4.27

7.20

3.02

0.27

4.34

2864

2204

August

11.84

6.58

16.71

5.86

0.86

14.50

1874

1762

527

151-300 m

March

12.93

3.33

6.19

10.51

1.05

4.39

1449

2074

2080

August

15.57

5.79

15.12

10.99

0.89

11.87

1560

1384

2009

301-520 m

March

21.50

5.51

9.16

18.33

0.52

6.85

132

181

472

August

24.67

6.30

18.73

20.68

0.00

16.49

258

52

511

Polychaeta
60-150 m

Echinodermata

354

Crustacea

March

0.14

1.30

0.00

0.55

0.96

0.00

1.98

0.77

August

0.12

2.10

-

0.37

0.98

0.00

3.24

0.93

1.18

151-300 m

March

0.02

0.45

0.01

0.01

0.46

0.00

1.20

0.57

1.50

August

0.10

1.22

0.00

0.04

0.91

0.00

2.55

1.15

2.47

301-520 m

March

0.00

0.17

0.02

0.00

2.19

0.00

1.19

1.72

1.63

August

0.03

0.49

-

0.00

2.07

0.00

1.56

1.86

0.88

Mollusca
60-150 m
151-300 m
301-520 m

Other

151-300 m
301-520 m
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Haddock

March

0.28

0.16

0.04

0.50

0.46

0.23

0.06

-

-

August

0.47

0.21

0.03

1.28

1.01

0.81

0.04

0.00

0.02

March

0.42

0.13

0.01

0.61

0.44

0.23

0.08

0.00

0.00

August

0.40

0.09

0.02

1.32

1.23

0.64

0.03

0.00

0.01

March

0.04

0.11

0.16

1.82

0.61

0.49

0.14

-

-

August

0.09

0.03

0.05

2.14

1.23

1.16

0.00

-

0.01

March

0.84

0.18

1.69

0.29

0.00

0.87

0.03

-

-

August

0.88

0.48

0.87

1.88

0.20

7.92

0.49

0.03

3.20

March

0.08

0.01

0.08

6.84

0.79

2.76

0.22

0.00

0.49

August

0.15

0.39

0.14

3.81

0.22

2.04

3.43

0.14

7.23

March

-

-

-

1.27

0.16

1.13

12.67

0.15

3.90

August

-

-

-

0.18

-

0.42

14.27

-

12.78

Sandeels
60-150 m

2.53

Norway pout

Blue whiting

once a year except in 1975. A map was drawn in
1973 with all the 302 guillemot breeding ledges,
and the number of birds on each ledge has been
collated. The census has occurred late in the
incubation period and in the early chick rearing
period (late June and early July) when the number
of birds is most stable.
2.6

Statistics

Regressions with one y- and one x-variable, where
the x-variable represented years in a time series,
ZHUH WHVWHG ZLWK WKH PRGL¿HG &KHOWRQ PHWKRG
proposed by Pyper and Peterman (1998), which
takes autocorrelation into account. Regressions
with one y-variable and two x-variables (where the
number of data points exceeded 13) were tested
with the regression function in MS Excel, i.e.,
where autocorrelation is not taken into account.

3

Results

Cod, haddock and saithe fed more intensively in
August than in March, and cod also tended to feed
more intensively with increasing depth (Table 1),
although there were large individual differences
(not shown). Fish comprised the majority of food
for cod and saithe, and the importance of sandeels
and Norway pout in shallow waters (< 300 m), as
well as blue whiting in deep waters, is clear.
Sandeels tended to be distributed more
westerly, and shallower, than Norway pout, and
there were great differences between periods in
sandeel density, the period 2000-2002 characterised
by high sandeel densities down to around 200 meter
depth (Figure 2). The benthic Crustacea were more
evenly distributed with regards to the amount
found in haddock stomachs, although the species
composition changed with depth (mostly Munida
spp. deeper than 150 meters, not shown).

Figure 2. Stomach content in August 1999-2010 of cod (in per mille of predator weight) feeding on sandeels (upper left),
haddock feeding on Crustacea (upper right) and saithe feeding on Norway pout (lower left). Dark gray symbols indicate
1999-2002, gray: 2003-2006, and light gray 2007-2010. The panel on the lower right corner shows the corresponding
¿JXUHVIRU0DUFKZLWKUHJDUGVWR1RUZD\SRXW GDUNJUD\ &UXVWDFHD JUD\ DQGVDQGHHOV OLJKWJUD\ 

5

700
600

Biomass ('000 t)

500
Cod
400

Haddock

300

Saithe
Sum

200
100
0
1960

1970

1980

1990

2000

2010

Year

1.6
1.4
Weight increase (kg)

1.2
1

Cod

0.8

Haddock

0.6

Saithe

0.4
0.2
0
1960

1970

1980

1990

2000

2010

Year
350

Production ('000 t)

300
250

Prim.

200

Cod
Haddock

150

Saithe

100

Sum

50
0
1960

1970

1980

1990

2000

2010

Year

Figure 3. Biomass and production of cod, haddock and saithe in Faroese waters, as well as their sum. The index of
primary production (x 21) is also shown in the lowest panel.

The biomasses of cod and haddock, as observed
in the age-based assessments since ~1960, were of
comparable sizes, and decreased over time, although
JUHDW ÀXFWXDWLRQV ZHUH REVHUYHG )LJXUH   6DLWKH
DJH   VWDUWLQJ RQ WKH VDPH OHYHO DV FRG DQG
haddock in 1961, increased, however, steadily over
time and reached almost 400 thousand tonnes just
6

after year 2000. Although saithe grew more slowly
than cod, the stock production was markedly higher
than for cod and haddock, except during the early
sixties. The cod and haddock production in relation
to the total production of cod, haddock and saithe
decreased over time. This tendency was also observed
for the number of attending guillemots (Figure 4).
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Figure 4. Proportion of cod+haddock production on the Faroe Plateau in relation to cod+haddock+saithe. The number of
guillemots observed on the breeding cliff “Høvdin” is also shown.
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)LJXUH  &RUUHODWLRQV EHWZHHQ SULPDU\ SURGXFWLRQ \HDU PRYLQJ DYHUDJH  DQG WKH SURGXFWLRQ RI FRG KDGGRFN DQG
saithe in Faroese waters.

There was a moderate correlation between
primary production (3-year moving average)
and the production of the individual species cod,
haddock and saithe, respectively. However, when
FRPELQLQJ DOO WKUHH ¿VK VSHFLHV D FRQVLGHUDEO\
higher correlation is observed (p < 0.01, Table
 )LJXUH   7KH PRGHO RI ¿VK SURGXFWLRQ ZDV

further improved (adjusted R2 = 0.82, p < 0.001) by
including Norway pout as an independent variable
(p = 0.02) in addition to the smoothed primary
production (p < 0.001) (Figure 6).
In search for mechanisms explaining the
features observed in Figure 4, where the proportion
of saithe production increased steadily over time,
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7DEOH  &RUUHODWLRQ DQDO\VLV DQG DVVRFLDWHG VWDWLVWLFV ZLWK UHJDUGV WR SULPDU\ SURGXFWLRQ ]RRSODQNWRQ ELRPDVV DQG
IRUDJH¿VKDEXQGDQFHRQWKH)DURH3ODWHDX8SSHUSDUWRIWKHWDEOHVKRZVFRUUHODWLRQFRHI¿FLHQWVZKHUHDVWKHORZHU
SDUWVKRZVWKHQXPEHURIGDWDSRLQWV6WDUVLQGLFDWHVLJQL¿FDQWSYDOXHVZKHQDXWRFRUUHODWLRQLVQRWWDNHQLQWR
DFFRXQWZKHUHDVEROG¿JXUHVLQGLFDWHVLJQL¿FDQWYDOXHVZKHQDXWRFRUUHODWLRQLVWDNHQLQWRDFFRXQW7KHVFRUHGHQRWHV
the average R2 for the column or row. Abbreviations: C2: recruitment of cod at age 2 years, H2: recruitment of haddock
at age 2 years, C2H2: the sum of them, C2H2y-1: the sum of cod at age 2 the current year and haddock at age 2
the following year, SumProd: production of cod+haddock+saithe, PP: index of primary production, PP3: 3-year moving
DYHUDJHRISULPDU\SURGXFWLRQ=RR]RRSODQNWRQ1SRXW1RUZD\SRXW
Variables

Sandeels

N.pout

C2

H2

C2H2

C2H2y+1

SumProd

Score

PP

0.53*

-0.06

0.62*

0.28

0.39

0.65*

0.78*

0.28

PP3

0.65*

-0.04

0.57*

0.23

0.33

0.71*

0.88*

0.31

ZooOnshelf

-0.57*

0.67*

-0.43

-0.52*

-0.53*

-0.70*

-0.63*

0.34

ZooOffshelf

-0.51

0.76*

-0.34

-0.52*

-0.51*

-0.47*

-0.29

0.26

N.pout

-0.35

-0.14

-0.28

-0.26

-0.35

-0.30

Sandeels

-0.35

0.89*

0.83*

0.90*

0.80*

0.69*

0.08
0.59

Guillemots

0.62*

-0.17

0.27

0.23

0.27

0.27

0.31

0.11

PP/ZooOnshelf

0.87*

-0.40

0.72*

0.62*

0.68*

0.85*

0.80*

0.52

PP3/ZooOnshelf

0.90*

-0.43

0.72*

0.62*

0.68*

0.92*

0.85*

0.56

PP/ZooOffshelf

0.82*

-0.35

0.61*

0.71*

0.73*

0.56*

0.50*

0.39

PP3/ZooOffshelf

0.86*

-0.38

0.63*

0.74*

0.76*

0.60*

0.53*

0.43

PP/N.pout

0.60*

0.47*

0.41

0.45*

0.71*

0.82*

0.35

PP3/N.pout

0.58*

0.38

0.38

0.40

0.70*

0.85*

0.33

Score

0.46

0.18

0.31

0.28

0.32

0.44
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the primary production and zooplankton densities
were scrutinized (Figure 7). There was, at least
for some periods, a negative relationship between
the primary production and zooplankton densities
on the Faroe Shelf (on-shelf, water depth <
~130 m), whereas there was no correlation with
the zooplankton densities off-shelf (Figure 7).
However, there was a positive correlation between
the zooplankton densities off-shelf and the catchper-unit-effort of Norway pout (Table 2, Figure 7).
6DQGHHOV LQ ¿VK VWRPDFKV FRUUHODWHG ZHDNO\
with the primary production (Table 2), but strongly
with the ratio of primary production to zooplankton

density, both on-shelf and off-shelf (Table 2,
Figure 8). The sum of cod recruitment (age 2)
and haddock recruitment (age 2 the following
year) correlated strongly with both sandeels in
¿VK VWRPDFKV DQG WKH UDWLR EHWZHHQ SULPDU\
production and zooplankton on-shelf (Table 2)
and the same feature was observed for guillemots
(Figure 8). The ratio between primary production
and Norway pout, indicating the positive effect
of food and the negative effect of Norway pout
on sandeels, performed less well than the ratio
between primary production and zooplankton onshelf (Table 2).
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)LJXUH%LRPDVVHVDFFRUGLQJWRDJHEDVHGVWRFNDVVHVVPHQWVRIFRG VLQFH KDGGRFN VLQFH DQGVDLWKH
(since 1961) in Faroese waters, as well as biomasses estimated back in time by the use of surplus production per capita
DQGDQQXDOFDWFK7KHHVWLPDWHGELRPDVVRIFRGWREDVHGRQVLPXOWDQHRXVFDWFKSHUXQLWHIIRUW &38( GDWD
combined with the age-based stock assessment is also shown. The surplus-based biomasses are not shown for the
period 1936-1947, since they were regarded to be unreliable.

Figure 8 also indicates that the abundance
of sandeels was higher in former times (1960s or
before) than recent years, and stomach analyses
GXULQJ  FRQ¿UP WKLV )LJXUH   2Q WKH
other hand, cod preyed less on benthic Crustacea,
ÀDW¿VK DQG 1RUZD\ SRXW 7KLV VHHPV QRW RQO\ WR
be caused by prey choice, preferring sandeels over
other prey items, since the same is observed for the
“sandeel years” 2000-2002.
([WHQGLQJ ¿VK ELRPDVV HVWLPDWHV EDFN LQ
time shows a shift in the relative amounts of cod,
haddock and saithe around 1960 (Figure 10), where

especially the amount of saithe was considerably
less than during the recent years.

4

Discussion

The fact that there was a very strong correlation
EHWZHHQ WKH SULPDU\ SURGXFWLRQ DQG ¿VK
FRGKDGGRFNVDLWKH SURGXFWLRQ 7DEOH)LJXUH
5, Figure 6) strongly suggests that there is a bottomXS FRQWURO RI ¿VK SURGXFWLRQ LQ WKH )DURH 6KHOI
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ecosystem. It also suggests that a fairly constant
proportion of produced phytoplankton is available
IRUWKHVHWKUHH¿VKVSHFLHV+RZHYHUZKHQ1RUZD\
pout are very abundant some production seems to
EHORVWWRWKHVHWKUHH¿VKVSHFLHV7KHUHDVRQPD\
be that cod and saithe are not able to consume more
than a certain amount of Norway pout and that the
H[FHVVRI1RUZD\SRXWWKHUHIRUHLVQRWUHÀHFWHGLQ
the stomachs. The fact that the smoothed version of
the primary production performed better than the
yearly values suggests that there is some elasticity
in the predator-prey interactions, i.e., that some
food may be left over from previous years.
(YHQ WKRXJK D QHDUO\ ¿[HG SURSRUWLRQ RI WKH
SULPDU\ SURGXFWLRQ EHFDPH WUDQVIHUUHG WR ¿VK
production, the amount allocated to each of the three
¿VK VSHFLHV ZDV KLJKO\ YDULDEOH 7KH SURSRUWLRQ
allocated to cod and haddock ranged between 20
and 70 % and was highest when the amount of
sandeels was highest (Figure 4). A short answer to
the question posed in the Introduction why so little
cod was present in 2011 after three years of aboveaverage production is that most of the energy went
to saithe.
This indicates the crucial role of sandeels vs.
Norway pout as intermediate links of the energy
IURPSODQNWRQWRSUHGDWRU\¿VK:KHQVDQGHHOVDUH
abundant (Eliasen et al., 2011), a high proportion of
the energy is transferred to cod and haddock whereas
WKHHQHUJ\ÀRZWRVDLWKHLVPRUHSURQRXQFHGZKHQ
sandeels are scarce. The reason seems to be that
the youngest age groups (recruitment) of cod and
haddock, which dominate the production, are most
abundant when sandeels are abundant (Table 2), i.e.,
that sandeels positively affect survival of young cod
and haddock.
The mechanisms controlling sandeel abundance
are less clear. Here we have set up two tentative
examples, although there might exist other
alternatives. Example 1: Sandeels crop down the
zooplankton biomass, i.e., exert a bottom-up effect
on its predators and a top-down effect on its prey, a
so called “wasp-waist ecosystem” (Fauchald et al.,
2011). However, sandeels may not be particularly
abundant on the Faroe Plateau compared with other
]RRSODQNWLYRURXV¿VKVSHFLHVVXFKDV1RUZD\SRXW
(Table 1), which actually tended to be negatively
correlated with sandeels (Table 2). Also, the fact
that the zooplankton density on-shelf and off-shelf
were highly correlated (R = 0.70, see also Figure
7), indicating advection of the oceanic copepod
&DODQXV¿QPDUFKLFXV onto the shelf (Gaard, 2003),
12

does not support a down-cropping of zooplankton
(on-shelf) by sandeels.
Example 2: Sandeel abundance is a result of
food availability in shallow regions (as measured by
the index of primary production) and the interaction
with Norway pout. However, when replacing the
variable “PP/Zooplankton onshelf” with “PP/
Norway pout”, a less clear relationship was
observed with sandeels (Table 2, Figure 8), which
indicates that zooplankton density better captured
the negative effect on sandeels than Norway
pout. The competition between sandeels and
Norway pout, as well as the predation pressure on
zooplankton, certainly merits further investigation.
Looking back in time into the 1950s and
1960s gives the impression of a very different
ecosystem than today: cod and probably also
haddock were more abundant than during recent
years, whereas saithe were much less abundant
(Figure 10), especially when looking into the
1930s. The abundance of sandeels and seabirds was
substantially higher and probably more constant
than today accompanied by a low abundance of
1RUZD\ SRXW EHQWKLF &UXVWDFHD DQG ÀDW¿VK 7KH
Norwegian spring spawning herring was abundant
in the 1950s, but decreased considerably during
the 1950s, and went to a very low level in the late
1960s (Holst et al., 2004).
Unfortunately, no zooplankton studies were
conducted around the Faroes prior to 1990 and
therefore no information is available on the
zooplankton community at the times when sandeels
and cod were at a high and constant level prior to
the 1970s. However, a regime shift has undoubtedly
happened, from high abundance of sandeels, cod,
probably haddock, and seabirds, towards Norway
pout, crustaceans and saithe.
$W SUHVHQW QR ¿QDO H[SODQDWLRQ H[LVWV
why there seems to be a negative relationship
between zooplankton abundance and sandeels.
Earlier studies have shown that in years with low
zooplankton biomass the abundance of small neritic
copepods is high, especially in spring, indicating
low advection of &¿QPDUFKLFXV and high (local)
production of (smaller-sized) neritic species and
YLFHYHUVD (Gaard, 1999, 2003). On the other hand,
it should not be ignored that substantial predation
SUHVVXUH E\ SODQNWLYRURXV ¿VK VXFK DV VDQGHHOV
may affect zooplankton abundance. This needs to
be studied further.
,W LV DOVR LQWHUHVWLQJ WR ¿QG RXW ZKHWKHU
the increased density of benthic Crustacea,

accompanying the decreased recruitment of
benthos-eating cod and haddock (Bundy, 2005),
PD\ LQÀXHQFH QHJDWLYHO\ RQ KHUULQJ DQG VDQGHHO
eggs while lying on the seabed. Benthic amphipods
predate on benthic capelin eggs off eastern Canada
(DeBlois and Leggett, 1993). Finally, it would
be necessary to look at the interaction between
haddock (a pronounced egg-predator) and herring,
as is done off Nova Scotia (Richardson et al., 2011).

5

Conclusion

Analysis of historical and recent data from the
Faroe shelf ecosystem indicate that there has been
a regime shift from a stable regime, which was
acting up until the 1960s to an unstable regime
during the past decades. The former regime was
characterized by a stable state, where herring,
sandeels, cod, and seabirds were dominating. The
latter regime is unstable and is characterized by
states shifting between a Norway pout-state, where
higher proportion of the energy is transferred to
benthic Crustacea, Norway pout, and saithe, and a
sandeel-state, where sandeels, cod and haddock are
boosted. The short duration of this state has not led
to a recovery of seabirds.
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