
 
 Central and Arctic Region 

Canadian Science Advisory Secretariat
Science Advisory Report 2007/053

 

s4gSE 2008 
 

vN8Nzi srs5b6̀g2 x3`=5 (Balaena mysticetus) 
 

 
 
G. ̀f9 

 
ttCs/6ymJ6 1: szy8iz x7ml xs/4f5 
N`i8iEc5b6bq5 `b4fx Bering-Chukchi-Beaufort 
(BCB) x7ml vN8N6Xyxi srs6b6̀̀g2  (EA) x3=q5 
vNbu  

 
ckwoziz:   
 
1999-u, wm3usboEp4f5 (DFO) xu`hiq8k5 si4̀vosMs3mb b`mi bys/3Jx2 wlxi_niC/s2 bEszi 
x3=qb u4̀nk5 (DFO 1999).  bwm8zi4. xuhD`l/3i4 cspn4i6bcc5b6ymK6 csp`?9oDbs9lt9l 
s?5t8k4 x3̀=5 u4̀nk5 vN8N6Xyxi vNbs2 srs6b6gxi. czb`h4f5 cspn6gcMs3uJ6 xs/4f5 
NJ6X5tq8i4 vN8N6Xyxi srs6b6`g2 NMs4̀b6bs9lt4 xu`hiq5. i=z`bo6hwMs3uJ5 cspnDti4 
cz5b6tbsymJ4f5 `NM0Jti4 tt6gwix3Cu4 wq3Ciq8i4 `b4fx x3̀=5 x7ml cspnDtui6bc3ix3m8 
`x6rQx6bsJ8Nd9lQ5 czb`h4f5 cspn3isJ5 x3=i4 bfc5bi4f5. xsqtA5 cspn3isJ6 x7ml4bs6 
grysm0Jt5 Wbc5tbsJ5 i=z`bo6hwi4f5 cspn3i4f5 hoJ8Nsti4 �bc5t5tK5 x3̀=5 ̀x6r4ymiq8k5.  
 
2005-u, vtmpC̀M5 `smJw5 slExN6g`uo3iq8k5 vNbu (COSEWIC)cspn4v8iMs3mb x3=i4 vNbs2 
wmq8i (COSEWIC 2005) x7ml `x6r4yMs6gt4 m3Dwi4 sk3ìo8i4 vN8N6Xyxi srs6b6̀g2 x3=q8i4 
(bys/3Jx2 wlxi_niC/s2 bEszi) wm̀4 “slExN6g`uo6g5” `b4ft`AN vNbs2 i3Jtq5 slExN6g`u5g5 
Wd/z (SARA).  st6X9oxt5tNhx6`t5 n6rbsymoEK5 X3Nstos3ix3mb st6X9oxt5tNhx3i3j5.  
 
`b4ft`ANo kǸbDttA5, kNK5u wkw5 moZ6tA5 xJ8q7mb x3=8ix3Ex{n6 (DIAND 1993), mo9lA 
W5Jbs5tx6g5 katElx6bwomi3j5 wh̀m`ltsJ5. vN8Nzi srs6b6`g2 x3=q5 `m8NsJ6 
xaNh4bsc5b6g5 r9oc5tbs9lt4 wkq8k5 kNK5. sk3iq5 sz`b`kc5b3mb kN3Jx2 r9oQ/qb x7ml 
@))&_Xu `b4fx kN3Jx3u x3=oÈp5 xq6yMs6g5 m3Dxt3lt4 x3=QxD8N6g5Fx3̀CAu ̀b4fN8z5 si3io8i4 
x3̀CAb`m5 eu3D/sMs6t9lQ5 xaNh4bsJ8N6g5. kN=7us5bs6 x3=8ixc5bDm7uJ5 x7ml kNK5 wlxi 
x3=8ixc5bDmi6nsoE9lt4.  
 
`b8N eu3DisJ6 xg6bsMs6g6 whmQ/six3mb WoEx=̀i5 cspn6tk5 cspnDtu`i5 x7ml wkw5 
cspmiq5 Wbc5t5tix3mb s9lùjzJi4 cspn3i3u4 vN8Nzi srs6b6`g2 x3=q8i5. cspn3i6 
Wbc5t5tK6 cspn3i4f5 xsM5ti3j5 xgodp0Jti4 x7ml st6X9oxt5tNhx3i3j5 X3Nwiwu4 `b4ft`AN 
SARA.  
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Nw9oQx6ymJ5 
 

• srs6b6gu vN8N6Xy7`u5g5 x3̀=5 xscctcqM5 sxois2 x7ml s`M`n4f5 wmz̀i5g5 
x3=q8i4 sxoi3u srs6b6gu. 

 
• x3̀=5 Njgw8`Nb6S5 szy5gj5 x7ml x3̀=5 b}?8z5 niC/s2 bEszi4 x7ml b9lDts2 

wmzi4 vt5bc5b6S5 xs/4f5 x7ml4bs6 srs4f5. 
 

• `m8Nj5 tr5LA cspnDt=`i5 wMc5gt4 NlNw4ft{yc5bi4f5 i=z`bi4 
NlNw6yym8qM5 m3Dwa/s7m̀zb x3̀=5 vN8N6Xyxi srs6b6`g2 ryxio ẁM8i4f5 
x3̀CAqtA5FxatFx3N6 x=ymc5b6`f6g5 `b4fNi x3=o`mi bm8Nl xsM5tNhx3i3j5 
x4gwicD8N`d6gi.  

 
• wMw8NzA5 whmQ/sym9li cspn6bwi4f5 whmQ/sK6 x3̀=5 sk3icChQ9lQ 

ciQ/zi4 14,400 (95% CI 4,811-43,105) bm8N cspn6bsMs6t9lA bys/u, `fZN`J2 
bEszi x7ml wrCns2 wmzi bw4hmi @))@_u Wcys0p9li xcsmJ5 x7ml 
whmQ/sJ5. whmQ/sJ8N6g5 g8z=sNhx6g5 Nox8kgw8N6 `x6r4ymJ8N3mb `b4fx 
cspnDbsJ5 c5`y8Nsiq8k5 x7ml xyq5 W5Jbslt4. W5JtQ9lA xqJv9M7u4 
Nl`Neizk5, cspmNhx5tx6bs/Exc2S6 whmQ/sNhx6t9lA ck6 sk3iq5 
sk6tQo3m`zb.   

 
• ie{n6`bCh8i3j5 xaNh8i6 ̀m8NsJ6 slExN3icqM6 sk3iq8k5.  

 
• g8z=Q9lA cspnChx3i6 wM8z6bs?9oxiq8k5 x7ml st6tbs?9oxJ8N3iq8k5 

).! wMQostymK6 cspm/sq5gi4 s}?̀l8`i5 cspnChx3i3j5 wMsqosDbsJ8N6gi4 
sk3iq5 x4g6bsq8icD8N3m`zb wk8k5 gdbsc5b3iq5 !*_aAt4 x3̀CAb`m8. `b8N 
whmQ/siax6g6 wMos0pymK6 x3=8k5 gd0JbsJ8N6g5 wMQostlQ5 G̀h3l, 
ie{n6ys3i3j5, wro6bsJ5 x7ml xysJ9l, m5t5bstk5 iZ=stJ5, sux3Jxk5 
xSDtJ5H.  

 
• PBR-u4 g8z=c9li cspn3i6 whmc2S6 ).%_u4 g8z=cDi x3̀CAb`m8 ()_i4 

wM8zwc5bC/6S6 x3=8i4. `b8N g8z=Q/s2X8 wMos0pymJ6 rho`mj5 gf0JbsJN5 
g8z=c5gi x5b8Nlxqi6nu4 ryxio scsysym̀J2 wlx`i5gi xyq8k5 i3Jtk5 
sk3iq8k5 scsys?5gk5.  

 
• NlN6`giz d5tg7mEsizk5, `m8NsJ6 x7ml is=x4nj5 x3=Zhc5bMsq8iq8i 

sk3iq5 NMs6`b6bsymJ5, xgod/symK6 slExN6g`ut5tlx6bwomi6 G`h3l. FR = 0.1, 
PBR = 18) whmQ/sli xsM5ti3j5 `b4fiz x3=i4 cspN6yMsqt9lA d5ti6nu4 
PBR WbcExo4.   

 
 
ckwoziE/z 
 
i3J`t5 
 
x3̀=5 (Balaena mysticetus) (Linnaeus 1758) srx5b6`g2 v0p6Xyxi Nigw8`N3iq5. XqJx`lJ5, 
sk`zl4 x6v̀ha9lt4, h4vw5gt4 wq3CJ5 x3̀=5 iEc5b6g5 xqJxl8i4 ur̀Jti4 dW3DC``Mi4 
Gwm3usbi4 dW3DC`Mi4H. h8qs0pym5tx3uJ5 ẁk/Ex{n6  ydc5gu wm=8i NXJcq5gt4, 
w5Ji6`X5 s6hq5 n6Wo8i5 x7ml tuzb wm3̀u6Xy8iz n6rb8qi6`XaJ5 ( `m8b̀A 1993).  
ixdxz xqJ7mEsizk5 xg6bs?4rK6 yf4f5 x7mw0JtQ9lA.   
 
cspm/s7uJ6 x3̀=5 w`kJ8NExq8i4 !%) x3`CAk5 sz̀bk9`l8`i5 (DFO 1999).  w8Nw5 x3̀=5 
scsbsymK5 xqtQJ8N3iq8i4 ẁm4 20 m (kEi et al. 1984).  Xàt8 uri6nsZJ5g5 x3Nq8i4 
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x7ml whmQ/sym9lt4 WD`Ec5bExq8i4 `mi 12-13 m (f{r et al. 1993).  x3Nw5 WDc5b6g5 `mi 
12 to 14 m (f{r et al. 1993) whmQ/symJ6 WDc5bExq8i4 etxi4 _ @)_q8̀i5ggcso6t9lQ5 
G`Dn et al. 2004).  koxc5bChQ/sJ5 `=Kxou s}?`l8`i5 `m5yu g8z=c5gt4 raj̀z6 
NlNw6bs9lt4 N5pMs6t9lQ5 b6ri4 !$_i4 w3iso6X2S5 wSDu `Jis2 WQx3izk5. x3Nw5 
sxois2 s`M`n4f9l wmz̀i5g5 whmQ/sK5 eg8qsc5bChQ/s9lt4 x3̀CA5 #_$ xiÀCzb (Koski 
et al. 1993). x3̀̀?Cw5 w`k/`Czu4 bricc5b6S5 $_$.% `ubu4 (f{r et al. 1993). X7ml h4voJ7mE7u4 
WD6Xox9lt4 x`mmD8`iCh8ii tr5gA x`NNu8`iX5g5 x3̀CAo`mXl7u4 (f{r et al. 1993) 
x`mmA8`i`Czu4 x3̀?Cw5 h4vwi6nu4 WD6X9oxoc5b6S5 tr5gA x3̀CAk5 tnmk5 bwmw5`goCu9l 
h3Cq5 ̀N7my7mb iEJ8N6y?2S5 w7u8i4 (ys9 x7ml ̀n2 1993).    
 
 
xaNh8i6 
 
`rNs/osChx3i3j5 x3=Zhx3i6 WQxMs6ymK6 b̀mi wrCnzi Belle Isle/Gulf of St. Lawrence 
b`miDJ4 !%#)_u x7ml b̀mi X1i6`g2 wrzi !^))_gcq8i x7ml ie4n6yxE/s7mE2X5gt4 
`mi 1719 (K2Xw x7ml X5r8 1993).  X1i6`g2 wrzi x3=Zhxc5bMs6g5 wmq8i4 Wz8Nzi 
xfr5`gw bsN8z5 sx8N6Xyxb y0/zi4 `MXgx iQxi, bskz `Xzk5 Smith Sound 
srs6b6gu x7ml Wcyst9li er6`b`l2 wrz. n8iDts2 wmz, b9lDts2 wmztA5 bmsz 
g=`z3̀J2 bEszk5 x7ml `fZN`J2 bEszk5 ( `C{ 1993).  x3=Zhxc5boMs3uJ5 b̀mi vq6hx`l2 
wlxi !*^)_q8i ( `C{ 1993).  x3?Zhxc5bMstg5 msz trst9li wv3Cj5, sx8Nzi n9`o5 
bmsz iQ6 Wz8N6Xyxb tE6fxk5 n8iDts2 bEszb.    
 
r?9o3us5 x7ml er6`bl7us5 bwm8zig̀cl4 x3=Zhxc5b6ymK5 ie4nys6gt4 x7ml 
Wcbs?Ms6gt4 x3=Zh4gcc5bt9lA !())_Mq8i x7ml WQxo6t9lA !(@)_q8i. b`mi etxi 
!%#) x7ml !(!%, x3=ix6`t5 x3=Nhx6g7mEsc5bMs3iq8k5 kat5tMs6g5 x3=i4 
wiQ?5bo`mq8i Wcyst9li vNbs2 wmq5. wMq5 x3=Zhxc5b3̀i5, WcystymJ5 v2Xi4f8k5 
x7ml is3Dt{nys6`t5, vJyMs6g5 tr5gA !(%! (u5ys9 x7ml `E}{ 1982). wMq5 gdbsJ5 x3̀=5 
sx8N6Xyxi5 n8C/s2 bEsz̀i`zc5bMs6g5 x7ml b̀mi Ns`/i !(^)_q8i x7ml 
WQxo6t9lA !(&) ie4nyxE/s9lt4. r9oQ/sJ5 ie4nys3i3j5 xgo6tbsMs6g5 !(&(_u 
1979 ( `E}{ x7ml u5ys9 1990).  
 
ie4n6yxE/sA8N6gk5 r9oQ/sJ5 x3=k5 vJyMs6S5 kNK7u !((^_at9lA GttC6ymJ5 !H. 
x3=Zhx3i6 xsMbsMs6g6 kNK7u `smJoEp3Jx4f5 vtmpq8k5 (NWMB) x7ml 
wm3usboEp4f8i5 (DFO).  x3=Zhx3i3j5 moZC`M5 xgo6tbsMs6g5 `b4ft`AN wcloEi3j5 
Wd/6 x7ml bEs3usbk5 moZC`M5 wm3usboEp4f8i5.   
 
ttC6ymJ6 1.  ie4nu4 x3?Zhx3i6 kNK7u  

 
x3̀CAx kNo4 s9lz xaNh8is2 x3N6Fxa5 briz 

1996 Ns`/5 17- `x`Qy-96  xa5 48’ 11” (14.9 m)  
1998 X1i6`g6 21-JMw-98 xa5 41’10” (12.8 m) 
2000 n9`o5 11- x`Qy -00 xa5 38’3” (11.7 m) 

2002 w[lo4 (niC/4) 10- x`Qy -02 x3N6 46’7” (14.2 m) 
2005 Ns`/5 18- x`Qy -05 x3N6 53’10” (16.4 m) 
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cspn3i6   
 
Ǹi8iE/q5Fwq3Ciq5 
 
x3̀̀=5 vN8N6Xyxi s5rs6b6`g2 wq3Cc5b3mb szy5gxl7j5 x7ml x3̀=5 bm4`r8i4 niC/s2 
bExzi5 x7ml b9lDts2 wrzi5 b̀mi5nw8`Nc5b6g5 xs/4f5 x7ml srs4f5 G̀g4 et al. 2006).  
i=z̀bo6hwi4f5 cspn3isJ6 NlNw6yMs6g6 x3̀=5 srs4f5 vq6hx`l2 wlx`ic5b6g5 x7ml 
b`mi yfc8izA5 er6`b`l2 wrzb. yfwoCw7m5, x3̀=5 `k5boc5b6g5 sX2X5buk5, xuhxlw5 
wiQix6bu8`k6gt4 xs/4f5, Wcyst9li niC/s2 bEsz, `fZN`J2 bEsz x7ml wrCns2 
wmz. xuh5 x3̀=5 sx8N6Xyx`ic5b6g5 n8iDts2 bEszb  sW8z{`n4f5 wq3Cc5b6g5 
xs4vi3Jx4f5 b`m`i8ix3o3lt4 xs/4f5 wrCns2 wmzi x7ml `fZN`J2 bEszi (g4 et al. 2006).  
x3̀=5 iQ6 vN8N6Xyxi5 er6`b`l2 `kc5b6g5 xs/4f5 wiQ?5bu8k5 `fZN`Ju x7ml wrCns2 
wmzi Nox4f5 xg6gt4 iQ6XyxA5 x6ftz er6`b`lw fxXw9l b3Czb wrCnzA5 x7ml 
xs4vi3Jx4f5, s}?̀l8`i5 sx8N6XyxA5 x6ftc5gt4 b9lDts2 wmztA5.  
 
x3̀=5 i=z̀bo6bsMs6g5 Wz8Nzi xfr5`g2 wq3CMs6g5 bmsN n8iDts2 wmztA5 
sW8z{`n4f5 bmsz vNbs2 wmq8k5  (Heide-Jørgensen et al. 2003, 2006).  wMq5 `b4fx 
wyMs6g5 vNbs2 srs6b6`g2 er6bq8k5 xs/4f5, wq3C9lt4 Wz8Nzk5 g=`z3̀J2 bEszi 
x7ml bm4fkz nix`i5gk5 vq6gk5, Wcyst9li `fZN`J2 bEsz `b4fxo xyq5 h3Cqt9lQ5 
b`mi vN8N6Xyxi er6`b`l2 Gg4 et al. 2006).    
 
 
c5`t8ND6X9oxiq5 
 
`m8NsJ6 xsqtA5 cspn6bs0Jtùi5 NlNw6yK5 x5p̀Qq8icClx6t9lA y9Mfl4 
cspn6bsMs6gi4 N`u8iqtA5, Wbclxq5g6 s}?̀l8`i5 Wbcqtx7mE5g6 xsqtA5 x3=q8i 
vN8N6Xyxi vNbs2 srs6b6gzb x7ml Wz8Nzi xfr5`g2 G`S{m et al. 2007).  x5p`Qq8isJ6 
bm8N urlx3izk5 WbcExcChQ/sqM6 NlNw6yNh8i3u4 m3Dwo6vz7m̀zb g8z=Q9lQ5 
cspn6bsifw5 xsqtA5 x7ml i=z`bo6yc5bi4f5.   
 
xu`hiq5 
 
bm4`r4 i=]z̀bo6yc5bi4f5 cspnDtùi5 x7ml xsqtA5 NlNw6yK5 x3̀=5 b̀mi5nw8`Nc5b6g5 
xs/4f5 x7ml4bs6 srs4f5, wMost/{nsq5g9o cspnDt=`i5 bm4fNi x5p̀Qq5gi xyq8i 
x3̀CAi NMs4`b6bslt4 sk3iq5 vN8N6Xyxi srs6b6`g2 x3=q8i4. cspnDt=`i5 @))@_u 
Wbc5t5tMs6g5 wMw8Nq8i4 x3̀=5 xu`hiq5 NMs4`b6bslt4 Gg4 et al. 2008). `x6rQx6bs9lt4 
x6vc5b6gk5 x3=k5, NMs4`b6bsMs6g5 14,400 (95% CI 4,811-43,105) x3̀=5 wicc5bexq8i5 
b`mi bys/u, `fZN`J2 bEszi x7ml wrCns2 wmzi @))@_u. bm8Nl whmQ/s/Exo54 
wMw8NE7mA NMs4`b6bsymJ5 vN8N6Xyxk5 srs6b6gu x3=q8k5 (EA) Wcy0pMsq7m5 x3=i4 
vN8Nz`i5gi4 y0/zb er6`b`l2, b`mi Bx5n8 Xwu s}?̀l8`i5 n8iDts2 bEszi. ryxio, 
Nox8kgw8N6 whmQ/sA8Ngw8NExo. cspnDbsJ5 xùhiq5 cspnDbs9lt4 xgw8Nsiq8k5 
x7ml whmQ/sMs6g6 urJ7mEsMs3m8. `x6rQxDtsJ8N6g5 Nox8kgw8N6 xvsiC6bsJ8N6S5, 
cspnsbsJ5 WbcD8N3iE/q8i4 x7ml whmQ/sJ8N6g5 Nox8kgw8N6 ur5`giq8k5. Wbc5g5 
`x6rQxDbsJ8N6g5 b}?8zvstQ whmQ/sA8N6g5 g8z=c9lt4 SwmMsv8izb xfisiE/zi4. 
bwmw7m5, `b8N g8z=sJ6 wMst5tJ8NqM6 bsg5bsMsv8`i8Nq8i4 Swt9lQ5 i3Jt5, bm8N 
Wbc6`fpt5tA8N3m8 sk3i6ni4 i3Jt4 x7ml bwmw7m5 ̀x6rQx6bsJ8N3iz ur8i6nso3li.  
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whmQ/s5tx3Ex̀̀o
5 

ckw0Jtcq5g5 

x3`=5 ckwoziq5 

x5bN6g`u5g5 

W
/
s
J
5 
x
ù
h
i
q
5 

sk3iqb ckwo?9oxiE/q5 
 
Wm3usboEp4f5 xbsy3k5 cspn3icMs6g5, raòEq5gtA9o cspn3isJi4, bwmo WbcqM6 
xu`hiq8k5 NMs4`b6bsymJi4 xy0p3iq8k5 sk3iqtA5. wkw5 x3=k5 cspm/gcq8i4 
cspn3i6 (NWMB 2000) cspn3isMs6g6 `b4fx wkw5 kNK7u bfc5bi6nso3iq8k5 
xu`hi6ni4 x3=io4 `m8NsJ6 bw4hmii3 x3`CA5 #) $)_tsMs6gi.  
 
ckw5gcMsq8izi W?`Q/6ymi6 
 
cspn3i4f5 NlN6gc5t9lA, slExND`t5 W7mE4f5 s}?̀l8`i5 h3CZ{nsq5g5 hC5tEisJ5 
vmQ/sc5bix6g5 mo9lt4 s2WE/sJi4 ckw5gcMsq8izi W?̀Q/6ymi3j5 Gwm3usboEp4f5 
@))^H X3N4ym/Exc2S5 x5bN6g4`fdNQ5. g8z=c5gt4 cspnDtui3i4 x7ml wkw5 
cspm/gcq8i4 vN8N6Xyxi srs6b6gu x3=qb sk3iq8k5 whmQ/sK5 `b4fx 
whmQ/s5tx3Ex`o5 b2Xsz2X9oxi4f5 (ttCs/6ymJ6 1).  x3̀=5 whmQ/six6g5 ckw0Jtcq5g5 
trstAi &)_Sn8j5 x3=Zhc5bMsqt9lq5 sk3iq5 Gwm3usboEp4f5 @))&H. tt6bsymJ5 
NJ6bs?5g5 r9oQ/q5 cspm/sqM5 ryxio x3?Zhc5bDtui6tA5 WbcD8Ngw8NExc2S6 
whmQ/sA8N6gi4 tt6bsymJ4f5 d5ti6n6 r9ozk5 (Hw[b8 in press).    NlN3izk5, bm4`r8k5 
slusJ6 x7ml bw4hmigc6 sk3iqb NMs4`b6bsymJ5, X6r/siq8k5 GslExN6g̀uA8`i3lt4H 
WoExaNhQxc5g5 xsMbsiqtA5 ̀b4fx sk3i`o5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ttCs/6ymJ6 1. ckw5gcMsq8izi W?̀Q/6ymi3j5 `s5gCst  
 
 
 
x3=Zhx6bsJ8N6g5 Nwnstq5 
 
bm4fkz i3Jtk5 xbsy3̀u`z6gi4 xu`hiqb NMs4`b6bsymJ5, NwnsttA5 cspn3i4f5 
NMs4`b6bsymJ5 (s?w5 1998) n6rt5tymK6 katElx6bwomi3j5 g8z=c5gt4 
sk3iEJ8N6bq8i4 x3=6bsJ5 GB̀xj9 x7ml ytx8n8 @))#H. cko`m6 gdJ5 NlNw6yK5 
sk3i6`X5 i3Jt5 gdJ8N6g5 bwmw4vlx6t9lA sk3iq5 h3CX9oxq5g8N3lt4, s}?`l8`it 
st6X9oxJ8N3lt4, b}Kz sk3i6`XaJ8N6gk5 i3J̀t5 sk3iq8k5. `b8N sk3iqb 
sk3i6`XEJ8N6bz grcD8N6S6 w7u8i4 X6rJ8N6gi4 b}Kz tr9lA xJ8N3q`Mj5 
sk6y?9oxJ8Ni3j5.  
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PBR NMs4`b6bsymK6 ẁm4:  
 
PBR = Nmin ½ Rmax FR  Nr8`z3iq5, 
 
Nmin = 20th Sn8tz sk3iqb  
Rmax = whmQ/sJ5 sk6y?9oxiq5 (4% _Sn8 x3̀CAb`m5 XWDo8k5; sxw5 !((*H   
FR = st6tbs?9oxA8N3iq8k5 g8z=Q/sK6 N9os4f̀mE/sJ9li cspm/sq5gk5 
Nox8kgw8`ND8N6gk5 s}?̀l8`i5 NMs4`b6bsNhx6t9lQ5 sk3iq5 wkxqc5b3izk5. FR 
`x6r4bsymK6 ̀mi ≤ 1.0 mo4gi cspm/sqlx3iq8k5 ckw5`g7m`zb x7ml ck6 sk6tQ7m`zb.  
 
PBR `x6r4bsymK6 xg6gi FR =0.1 x7ml 0.5 st6tbs?9oxA8N3iq8k5 bm8N vJyd9lA 
sk3iqb sk6y?9oxiz x3̀=5. bm8N wMc2S6 gdc5b3iq8i4 ckgw8N6 wMc5gi 
xaNh4bsi4f5, sux3Jx3u4 glctc3i6, wro6bsJ5 x7ml x8Nw/sJ5 x7ml m5t5bstk5 
iZ=8i3j5 gdc5b3̀i5. xg6bso6g5 PBR cspn3i4f5 whmQ/symK6 WbcD8NExzi4 !*_() 
x3̀=5 gd?4vlx6Xb xy0̀pZ/8q5bExzi4 sk3iq8i4 NlNw6bsymJ6 ttC6ymJu @ mo9lA.  
`b8N PBR xg3lA 90 x3̀=5 xg6bs2Xb xg3li st6tbs?9oxA8N3iq8k5 ).% mo4S6 `b4huz 
g8z=Q/sJu4 xyq8k5 bEs3uw5 i3Jt5 sk3iq8k5 ryxio ckwlxqi6nsJ6.  
NlN6`giz d5tg7mEsizk5, `m8NsJ6 x7ml is=x4nj5 x3=Zhc5bMsq8iq8i sk3iq5 
NMs6`b6bsymJ5, xgod/symK6 slExN6g̀ut5tlx6bwomi6 ( `h3l PBR Nwn6bsymJ5 
sfN8z5 FR =0.1) whmQ/sli xsM5ti3j5 `b4fiz x3=i4 cspN6yMsqt9lA d5ti6nu4 
PBR WbcExo4.   
 

 
ttCs/6ymJ6 2.  PBR NMs5`b6bs6mJ5 ( `h3l x3=4bsA8N6g5).  wm8NtQ xfisiz Swymt9lQ5 
NMs6`bDtsMs6g6 0.26 (CV = 0.39). 
 

cspn6=sJ6 
Swymt9lA 
NMs5`b6bsym

J6 
 

CV Swymt9lA
NMs5`b6bsymJ

6 
 

x6vt9lA 
NMs4`b6bsymJ5

CV 
x̀6rQx6bsy

mJ5 N 
Nmin 

PBR    

(FR =0.1)

PBR    

(FR =0.5)

        

PRI-GoB-ES1 3903 0.51 14,400 0.61 8991 18 90 

 1 PRI-GoB-ES = ̀fZN`J2 bEszFwrCns2 wmzFbys/6  
 
 
Nl̀Ne0JtsJ5 
 
`smJk5 grysm0Jtsj5 G̀h3l WD6X9oxiq5, gdJ5FẁkJ5 xu`hiq5H xgw8NsJ5 `b4fkz 
i3Jtk5 cspn3isc5b6ymJ`i`z6ymK5 x`Myvu b̀mi  Bering-Chukchi-Beaufort x3=q8k5. 
whmQ/sZlx6t9lA x5p`QXlQxq8i4 ckw5`giE/q5, bm8N NlNw6bsM5`b6ymqM6.  
 
WbcqM6 xb`qJu4 NMs4`b6bsymJu4 xu`hiq8k5 x3=5 xb̀qJ4f5 NJ6bs?5gu4 x7ml 
cspn6bsym9li xbsy3u x3̀CAu. cspnsti4 x5p`Qq5gi4 xg3li xbs5t4f5 
NlNw6y`?9oC/6S6 hoi{nu9l n6r5tZ/6gi sk3iqb NMs4`b6bsymiq8i4. sk3iq5 
NMs4`b6bsJ8N6yMsq8iq8i4 x7ml xyq5 cspnDt5 Wcys0/sJ8N6yMsq8iq8i 
cspn3i4f5 x5p`Qq5gtA  x7ml ckwo?9oxiq8i4 ttC6bsymlt4.  
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s9lusJ6 NMs4`b6bsymJ5 xu`hiq8k5 g8z=c2S5 bf/sc5b6ymiq8k5 x7ml NlN6`giz 
d5tg7mEst9lA. cspnDbsJ5 xùhiq5 cspnDbs9lt4 xgw8Nsiq8k5 x7ml whmQ/sMs6g6 
urJ7mEsMs3m8. `x6rQxDtsJ8N6g5 Nox8kgw8N6 xvsiC6bsJ8N6S5, cspnsbsJ5 
WbcD8N3iE/q8i4 x7ml whmQ/sJ8N6g5 Nox8kgw8N6 ur5`giq8k5. Wbc5g5 
`x6rQxDbsJ8N6g5 b}?8zvstQ whmQ/sA8N6g5 g8z=c9lt4 SwmMsv8izb xfisiE/zi4. 
bwmw7m5, `b8N g8z=sJ6 wMst5tJ8NqM6 bsg5bsMsv8`i8Nq8i4 Swt9lQ5 i3Jt5, bm8N 
Wbc6`fpt5tA8N3m8 sk3i6ni4 i3Jt4 x7ml bwmw7m5 `x6rQx6bsJ8N3iz ur8i6nso3li. 
xyq5 whmQ/sA8N6g5 xùhiq8k5 Nox8kgw8`N6S6 cktQ `b4fx whmQ/sJ5 
cspm/sq4vlx6t9lQ5.  
 
 
xg6X5g5 bsg8iE/z 
 
Wkw5 s2WDh2S5 i3Jto`m5 wo/sMs6g5 kN3Jx3j5 ie4n6yxE/six3mb x7ml xg6bslgt4, 
x7ml s2WDh4g5bs6 `smJw5 sk3iq5 ckw0Jtc0̀/q5g5 x7ml xùhlt4 W/s5txc5bDt4 x7ml 
vmQ/s5tx3lt4 (NWMB 2000). em5bt8io, x3=Zhx3i6 W7mEx`lMs6S6 wkw5 wo6fyzk5 
x7ml W6fyzk5, x7ml ieQ/s7mEMs6gi4 kNo8k5. x3?Zh8i6 ho W7mEsK6 wkw5 
kNoq8k5. n8z5tEc5b6g6 WJ8N3iE/sJi4 x7ml w`kyct`Qi3k5, vmQ/E/sJk5, x7ml 
xg6bs/Exo8k5. x3=s2 m4bz, xuhk5 wk8k5, W9lxbE/sK6 x7ml ie5tx`?̀l9li.   
Xqlx6gxl7u4 c5`y8ND6X9oxt9lQ5 x3̀=5 sk3iq5 bm8N x4gwym7m5 W7mEsizk5 wkw5 
xaNhA8N3iq8k5 ie4nys3i3j5 x7ml wo6fyq8k5. xuh5 wkw5 whmcw8N6S5 
x3?Zhxc5b3i6 wv̀JtcC/3m5 bmguz vJyt5tNhx3i3j5 wkw5 wo6fyE/zi4 x7ml 
xy0̀p?9oxNhx3i3j5 xvsi6nj5 yKiEix6bt8i ẁkix6gk5 (NWMB 2000). Wbc7m5 ho 
w8N3i4 cspmJi4 s}?̀l8`i5 Wbcbsc5b6ymJi4 x3?Zhx6gc5t9lA em5bt8i x7ml 
iEJmJi4 m4bzi4 (NWMB 2000).  w8Ngcw8 WJm/q5 mo4bsc5bt9lQ5 w6vAh5tx3ism5 
x7ml N9oAh8is9li w8Ngc3i4 ẁkyq8i W7mEQ/q5 x7ml ckwos3iE?Ms6b25 
xy0p6ymo6t9lQ5 x4h7mExl4 `m8Nso6g6.   
 
 
whmQ/symJ5 x7ml wvJExDt5 
 
cspnsti4 x5p`Qq5gi4 xg3li xbs5t4f5 NlNw6ỳ?9oC/6S6 hoi{nu9l n6r5tZ/6gi 
sk3iqb NMs4`b6bwymiq8i4. x5p`Qq5g5 cspnDt5 xfisJu4 xg6bslt4 
NlNw6y?9oxZ/6S5 ckwoz?9ox7m`zb. sk3iq5 NMs4`b6bsJ8N6yMsq8iq8i4 x7ml 
xyq5 cspnDt5 Wcys0/sJ8N6yMsq8iq8i cspn3i4f5 x5p`Qq5gtA, xglx6bwomi3j5 
wo6fyc3i6 xg6bs/Exc2S6 `x6r4bsNhx6t9lQ5 x3̀=5 xaNh4bsc5b3iEZ/6bq5. 
cspmNClx6t9lA PBR wo6fycCJ7m5 xglx6bwomt5ti3u4, `b8N bwm8N `x6r4ymiz 
xJ8qt5tix3m8 sk3iq5 vJyic5txd9lQ5 x7ml sk6y?9oxiq5 h4vi6nsd9lA. 
NlN6`gizk5, NlN6`giz d5tg7mEsizk5, `m8NsJ6 x7ml is=x4nj5 
x3=Zhc5bMsq8iq8i sk3iq5 NMs6`b6bsymJ5, xgod/symK6 
slExN6g`ut5tlx6bwomi6 (i.e. FR = 0.1, PBR = 18) xg6bsZ/3m`z8 whmQ/sZ/3m8 
NlNw6bsMsq8izi d5ti6nu4 xgExc3i3u4.  
 
xyq5 whm{n6ysD`t5 
 
xsM5ti3j5 whm{n6ysDt{nw5  
 
x3̀=5 wqC/C5ts7mb Nox8kgw8N3l w`v2X5gt4 kNK5 x7ml kN3Jx2 wmqtA5. bm4fx 
tt6g6ym`i5 kNc6vt`Qq5gk5 whmQ/s/Exc2S5 X6r/6bsNhx6t9lQ5 x3̀=5 sk3iq5. 
vNbs9o wlxi, X6r/wi6 to0JbsymK6 WoExa9lil wm3usboEp4f8k5 x7ml wkq8k5 
kNK7u kN=7ul. WJ8Nst5 x7ml WoEx{nE/sJ5 x3=8k5 NlNw6bsymK5 wm3usboEp4f5 
Wd/q8i, x7ml x5p`Qq5gk5 kN`bi3j5 xqct`QAtk5. 
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yMs2 xy0pX9oxiz 
 
yM xy0pX9oxiz s5pE/symK6 vNbs2 srs6b6gl4`bzi. Ryxio x5p`Qq7mE8ic7uJ6 
xy0p3isJ5 s5pE/symJ5, s6̀fy?9oxiz x7ml yfwc5bo3iz wMqtA5, x7ml 
i9o?9oxiz x7ml yf`b6X9oxiz wMq8i5bs6. wMq8i9, xqJtA5 yfc5bD8̀it9lA 
bm4fkz x3=k5 WsQ/si6ns?9Mwo6g6 x7ml xfis5bi6nso6gt4 x3=5 wiQ?5bu8ik 
x3̀C`S2 wlxi. wMq8io g?c8i6nso6gi x3̀=5 wq3CiE?5bui4 `x6rtx4v8iExcc5bg{nsJ5 
x7ml slExN6g`u8i6nsJ{ns9lt4 yf0/sJ8N3mb. xy0p3iq5 g?w5 x4gwicD8N6g6 bEs2 
xsM?5bq8i5bs6. G`h3l xy0pX9oxiq5 WD6`g2 yfj5 x4gxJ5H x4gwicD8N6g5 x3̀=5 
ieQ?5bq8i4. s6`fy?9oxt9lA yM xyq8i5bs6 eMlZ3i4, `h3l mfx t̀vA9`o5, t`vA9oXs/5, 
x7ml c5gJ`o5 d̀ozA4, szy8i6n`jc5bix3o6g6 x7ml x3̀=5 ieq8i4 iecc5bo3lt4. bm4fx 
xy0p3i3j5 x4gwiE/sJ5 x3=k5 NlN6S5 ho.  
 
 
`x3lw5 
 
yfcD8`iX9oxiz mo9lA w7m`c `x3lw5 tr5bo6X9xJ8N6S5 srs5b6gj5 x7ml xfisi}nu4 
b`m`i2Xo3lt4, bwmw2X9l ie4nys3iq5 x3=8i4 xq9o?9oxgw8NExc5gi. `x3lw5 
bwm8zixl4 bf/sc5b6ymw8N6S5 n8iDts2 wmzi, scsysc5b6ym9lt9l bf/sc5b3iq8i4 
bwm8zi4 `rNs/osChx3i3j5 x3=Zhc5bo3izi4. ryxio, `x3lw5 trc5boC`b3uJ5 bys/3Jx3j5, 
bf/sc5bExq8i4 cspm/sMsq5g5 yKixA5 !(#). bwm8zi4 sk6y?9oxym7mE5g5 
xu`hiq5, w7m`c m3Dẁht9lxzi4 x3̀CA5 do5 xiÀCzb bwm8zu4 !(^). Bm8N 
hoJ8NDtc2S6 wkw5 xaNh4g5 Hudson Bay-u s5pDh4ymJ5 `x3lw5 xuhD6X9oxiq8i5. 
`x3lw5 iENhA8N3mb wm3usbo`m5txi4 srs6b6gu, Wcyst9lQ5 x3̀=5. !(((_u tnm5 x3̀?Cw5 
gdzJ5 Ni/sMs6S5 niC/s2 bEszi, wMq5 NlNCt4 `x3l8k5 wro{ymiq8k5, x7ml 
xaNh4g5 wkw5 sc6ymQK5 sklxa/6gi4 `x3lcMs3izi4 bw4hmi xs/sJu. `x3lw5 
N`ic5b3iqb xy0pX9oxizk5 x7ml sk6y?9oxiq8k5 bm8N x4gwicD8N6S6 x3̀=5 
sk3iE/q8i4 ryxio c`ktQJ6 x4gwicD8N3m̀z8 NlN6S6.   
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