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 A m . M id l. N at. 153:152-170


 R ep rod u ctiv e E n erg etics an d  F em ale A tten d an ce P attern s


 of C ap e F u r Seals (A rctocep h alu s p u sillu s p u sillu s) D u rin g


 E arly  L actation 


 C H R IST O P H E R  M . G A M E L1A N D  R A N D A L L  W . D A V IS


 T ex as A & M  U n iv ersity  at G alv eston , 5007 A v e. U ., T ex as A & M , F ort C rock ett, G alv eston  77551


 J E R E M Y  H . M . D A V ID  A N D  M IC H A EL  A . M EY ER 


 M arin e an d  C oastal M an ag em en t, P riv ate B ag  X 2, R og g e B ay  8012, C ap e T ow n , Sou th  A frica


 E L ISIF  B R A N D O N 


 97A  L ow ell A v e., N ew ton v ille, M assach u setts 02160


 A B ST R A C T .-T h e C ap e fu r seal (A rctocep h alu s p u sillu s p u sillu s) is a com m on  p in n ip ed


 alon g  th e sou th ern  A frican  coastlin e. W h ile m u ch  in form ation  is av ailab le ab ou t th is

 little is k n ow n  con cern in g  its rep rod u ctiv e en erg etics. W ith  rad io telem etry , w e m 


 atten d an ce p attern s for I to 4 m o from  1996-1999. A tten d an ce of 29 n u rsin g  fem ales

 1.86 ? 0.77 d  on  sh ore an d  5.23 ? 2.87 d  at sea. M ean  cy cle tim e w as 7.09 ? 4.33 d , o


 29.6%  w as sp en t on  sh ore an d  70.4%  at sea. A  sig n ifican t in crease in  len g th  of tim e at


 ob serv ed  d u rin g  th e first 4 m o of lactation .


 R ep rod uctiv e con d ition  w as qu an tified  u sin g  m easu res of b od y  con d ition  an


 com p osition . M ilk  in g estion  an d  field  m etab olic rates estab lish ed  a b aselin e for th e en


 of 1 m o old  p u p s. B od y  com p osition  av erag ed  11.05 ? 2.31%  lip id  an d  19.15


 p rotein . M ilk  from  17 in d iv id uals w as com p osed  of 58.07 ? 6.79%  w ater, 2.02 ? 0.5


 10.76 ? 1.23%  p rotein  an d  23.16 ? 8.24%  lip id . M ilk  en erg y  con ten t av erag ed  11.


 k J  m l-1. T h irteen  p u p s con su m ed  m ilk  at a rate of 136.58 ? 29.11 m l k g -1 d -1. M ea


 in tak e w as 1505.10 ? 320.80 k J  k g 1 d -', w ith  37.16 + 8.04%  g oin g  to b od y  m ain ten


 62.84 ? 8.04%  to g row th . F at an d  p rotein  tissu e w as d ep osited  at a rate of 16.10 ? 34.93


 an d  21.40 ? 59.20 g  d -1, resp ectiv ely . P u p  m ass g ain  av erag ed  99.30 ? 3154.10 g  d


 an d  fem ale p u p s d iffered  sig n ifican tly  in  b od y  m ass an d  field  m etab olic rate.


 IN T R O D U C T IO N 


 L actation  is th e m ost en erg etically  costly  p art of rep rod u ction  in  m am m als (R ied m an 


 an d  O rtiz, 1979; O fted al, 1984; G ittlem an  an d  T h om p son , 1988; A rn ou ld  et al., 1995).


 C om p ared  to lactation , th e cost of p rod u cin g  a fetu s is alm ost in sig n ifican t (C osta an d


 W illiam s, 1999). T h is is p articu larly  true in  p in n ip ed s, w h ich  tran sfer larg e am oun ts of


 en erg y  to th eir y ou n g  in  w h at are often  p rolon g ed  lactation  p eriod s. U p on  reach in g  sex u al


 m atu rity , otariid  fem ales b eg in  a p attern  of alm ost con tin u ous g estation  an d  lactation  (B oy d


 et al., 1999). T h is is tru e for C ap e fu r seals (A rctocep h alus p u sillus p u sillus), w h ich  w ean  th eir


 offsp rin g  at 8 to 11 m o p ostp artu m , b earin g  th e en erg etic costs of lactation  for ap -

 p rox im ately  10 m o of ev ery  y ear for th eir en tire rep rod u ctiv e life (R an d , 1949, 1955; D av id


 an d  R an d , 1986; D av id , 1987).


 1C orresp on d in g  au th or: C u rren t ad d ress: 2382 E . 2815 S., Salt L ak e C ity , U tah  84109; e-m ail:


 cg am el@ com cast.n et
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 O tariid s sep arate forag in g  an d  rep rod u ction  sp atiall


 th en  altern ate b etw een  p eriod s of atten d an ce on  th e

 1998; B oy d  et al., 1999). O tariid  fem  ales lack  th e lar


 requ irin g  th em   to forag e th rou g h ou t lactation  (B oy


 d u ration  from   1 d  in  G alap ag os fu r seals (A rctocep h a


 G alap ag os sea lion s (Z alop h u s californ ian u s w olleb ae


 an tarctic fu r seals (A rctocep h alu s trop icalis; G eorg es


 F ern an d ez fu r seals (A rctocep h alu s p h ilip p ii; F ran cis et


 rem  ain  on  th e colon y , su p p ortin g  g row th  an d  m  etab


 fem  ale's last atten d an ce p eriod . T h is atten d an ce cy cl


 ex ten d in g  u p  to 3 y  in  som  e sp ecies (T rillm  ich , 1986


 T h e am  ou n t of en erg y  p u p s receiv e d ep en d s on  th


 th ey  con su m  ed . T h e p h ocid  m  atern al strateg y  relies

 1979; O fted al et al., 1988; K ov acs et al., 1991), so p u p s


 25-60%  lip id  (C osta an d  W  illiam  s, 1999). P u p s g row  r


 resu ltin g  from   th e form  ation  of ad ip ose tissu e. L ean


 (L y d ersen  an d  K ov acs, 1996; C osta an d  W  illiam  s, 19


 p eriod . O tariid  m  ilk  con tain s less lip id , ran g in g  fr


 L ech n er, 1986; R ied m  an , 1990; G eorg es et al., 2001). A 


 lon g er lactation  p eriod  lead  to th e g rad u al d ev elop m  en t


 on ly  lim  ited  form  ation  of ad ip ose tissu e (O fted al et


 C osta an d  W  illiam  s, 1999). L ow er lip id  lev els an d


 m  ain ten an ce costs d u rin g  ex ten d ed  fastin g  p eriod s (


 d u rin g  lactation ) m  ean s otariid  p u p s in crease m  ass at


 an d  W  illiam  s, 1999). H ow ev er, w ean in g  m  ass, as


 com  p arab le in  b oth  g rou p s (C osta an d  W  illiam  s, 199


 U p on  reach in g  sex u al m  atu rity , C ap e fu r seal fem  ales


 A  sin g le p u p  is b orn  to a fem  ale b etw een  early  N ov em 


 b irth  d ate arou n d  1 D ecem  b er (D av id  an d  R an d , 198


 b irth , a fem  ale cop u lates w ith  a territorial or p erip h er


 b eg in  an  altern atin g  p attern  of forag in g  trip s to se


 (R an d , 1955; D av id  an d  R an d , 1986). P u p s con tin u e to


 m  o of ag e, ex cep t d u rin g  p eriod s of low  food  av ailab


 u n til 2 or ev en  3 y  of ag e (D av id  an d  R an d , 1986). In


 lost as th ere is n ot en ou g h  m  ilk  to su p p ort b oth  th e y


 1992). Sim  ilar w ean in g  p attern s h av e b een  ob ser


 (A rctocep h alu s au stralis; T rillm  ich  et al., 1986; M  ajlu f


 G alap ag os sea lion  (T rillm  ich  an d  D ellin g er, 1991).


 In  th eir ov erv iew  of fu r seal atten d an ce b eh av ior, G 


 tw o ex trem  es of atten d an ce p attern s in  fu r seals; refer


 Su b -p olar sp ecies ten d  to h av e a sh ort p eriod  of atten d


 relativ ely  rap id  g row th  in  p u p s. E v id en ce su g g ests th


 season al, b u t p red ictab le, n atu re of th e su b -p olar en v ir


 th is en v iron m  en t (i.e., n orth ern  fu r seals an d  A n tarctic


 in  w h ich  to w ean  th eir offsp rin g , often  lim  ited  to 4 m 


 In  con trast, trop ical sp ecies (i.e., G alap ag os fu r seal


 season al, b u t m  ore u n p red ictab le, en v iron m  en t. In  re


 trip s to sea, often  retu rn in g  d aily  to n u rse th e p u p  (T r


 12 m  o) an d  often  d elay ed  (y earlin g s an d  2 y  old  p u p s
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 A s a sp ecies liv in g  in  a tem p erate en v iron m en t, th e C ap e f


 of b oth  trop ical an d  su b -p olar sp ecies, fallin g  som ew h ere b e


 len g th  of th e fem ale's trip s to sea p rog ressiv ely  in crea


 qu irem en ts in crease. T h e first p ostp artu m  trip s av erag e 2.9

 th ird  m on th . T h rou g h ou t th e n u rsin g  p eriod , th e d u ration

 2.4-2.8 d  (D av id  an d  R an d , 1986).


 T h e atten d an ce p attern s of lactatin g  fu r seals are an  in d ex


 en erg y  an d  n u trien ts th ey  ob tain  w h ile forag in g  are u sed  t


 th eir ow n  m etab olic requ irem en ts. T h e d istan ce trav eled  to f


 an d  oth er p h y siolog ical an d  en v iron m en tal con strain ts in f


 (B oy d  et al., 1991). U n d erstan d in g  h ow  C ap e fu r seals b alan


 n u rsin g  an d  forag in g  p rov id es in sig h t in to th e m atern al strate


 an d  oth er sp ecies.


 N o d ata h av e b een  p u b lish ed  reg ard in g  th e rep rod u ctiv e en


 D u rin g  th is stu d y  w e m easu red  b od y  com p osition  as an  in d ex  o


 fem ales at th e b eg in n in g  of lactation , d eterm in ed  m ilk  com p o


 an d  field  m etab olic rates in  free ran g in g  1 m o old  p u p s an d  m 


 w ere p articu larly  in terested  in  ascertain in g : (1) cu rren t atten d


 com p ared  to h istoric p attern s, (2) C ap e fu r seal rep rod u ctiv e


 sp ecies an d  (3) h ow  th e tem p erate C ap e fu r seal's m atern al stra


 p olar m atern al strateg y  fram ew ork  orig in ally  d escrib ed  in  G en


 M A T E R IA L S A N D  M E T H O D S


 R esearch  w as d on e at th e C ap e fu r seal colon y  at K lein see (29'34'S, 1700


 n orth  of C ap e T ow n , Sou th  A frica on  th e A tlan tic C oast. F ield w ork  w as d on e o


 to 1999), w ith  d ata collection  b eg in n in g  at th e start of each  p u p p in g  season  (


 F em ale atten d an ce. --Lactatin g  C ap e fu r seals w ere cap tured  w ith  a h oop -n et


 fem ales w ere n ot cap tu red  d u e to con cern s of h arm in g  th e u n b orn  p up  an d  t


 p ossib ility  of attach in g  tran sm itters to fem ales th at m ig h t lose th eir p up s in

 h ou rs follow in g  b irth . F ollow in g  cap ture, th e fem ale w as p h y sically  restrain ed


 on  an  electron ic p latform  b alan ce (R ud d  W eig h , A u stralia). F rom  1996 to 1998

 sed ated  w ith  an  in tram uscu lar in jection  (0.63 m g / k g ) of Z oletil (Fort D od g e L


 F ort D od g e, IW ). In  1999 fem ales w ere sed ated  w ith  an  in tram u scular in jection


 of d iazep am  (R och e P rod ucts, M an ati, P u erto R ica). O n ce sed ated , fem ales w e


 w ith  a u n ique letter-n um b er com b in ation  for futu re id en tification  (R an d , 195


 w ere cap tured  w ith in  a 1-w k  p eriod  d u rin g  each  of th e 4 y  of th is stu d y .


 F em ale atten d an ce p attern s w ere m on itored  u sin g  rad io telem etry . A  total o


 tran sm itters w ere d ep loy ed  at K lein see b etw een  1996 an d  1999. E ach  ad ult fem 


 or 165 M H z tran sm itter (120g ; A d v an ced  T elem etry  Sy stem s, Isan ti, M in n esota)


 fu r on  its b ack . T h e tran sm itter w as attach ed  m id -d orsum  an d  h eld  in  p osition


 settin g  ep ox y  (5-m in ; D ev con  In c., D an v ers, M assach u setts). T h e tran sm itter w a


 cov ered  w ith  10-m in  ep ox y  (T en -Set; F ib re G lass-Ev ercoat C o., C in cin n ati, O h io


 a u n ique color to facilitate location  an d  id en tification  of in d iv id u als on  th e co


 tag g ed  fem ales w ere released  in  th e sam e area w h ere th ey  w ere cap tu red . W h


 a fem ale's p u p  w as cap tured  an d  sex  w as record ed . T h e p u p  w as th en  released  w ith
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 T h e p resen ce or ab sen ce of rad io-in stru m  en ted


 receiv er (R 2100; A d v an ced  T elem  etry  Sy stem  s, Isa


 an ten n a. T h e colon y  w as scan n ed  at each  frequ en


 p resen t on  th e colon y  w ere record ed  on  a D 5041


 T elem  etry  Sy stem  s, Isan ti, M  in n esota) th at w as c


 b eh av ior w as d ocu m  en ted  w h en  ob serv ed  as a


 A tten d an ce b eh av ior of rad io tag g ed  fem  ales w as r


 6 m  o (1999 field  season ). T h ree tim  es d aily  (m  orn


 w as scan n ed  w ith  b in ocu lars to v isu ally  con firm   t


 M  ilk  sam  p le collection .-Sev en teen  n u rsin g  fem  ale


 early  stag es of atten d an ce (p u p s ap p rox im  ately  2 w 


 F ollow in g  cap tu re, fem  ales w ere sed ated  an d  w eig


 In c., D eerfield , Illin ois) w ere in jected  in tram  u scu larl


 M  ilk  sam  p les w ere collected  after 20 m  in  w ith  a p


 stored  at -70 C  u n til an aly sis.


 B od y  com  p osition  an d  p u p  m  ilk  in tak e.--B od y  com 


 u sin g  th e lab eled  w ater tech n iqu e (N ag y  an d  C ost


 w as tak en  from   th e h in d  flip p er in ter-d ig ital v


 d eu teriu m  . E ach  fem  ale th en  receiv ed  an  in tram  u s


 en rich ed  d eu teriu m   ox id e (D 20). A fter a 3 h  equ i


 5 m  l b lood  sam  p le w as tak en .


 O n e m  o old  p u p s w ere selected  on  th e b each  at ra


 n ear th e w ater d u rin g  th e d ay . B y  selectin g  th ese p


 p u p  su rv iv al as th eir access to th e ocean  red u ced


 th e p ossib ility  of a fu ll stom  ach  b iasin g  ou r resu


 p erform  ed  en erg etic an aly sis on  p u p s th at d id  n


 feed in g  b ou ts th e p u p 's ab d om  en  b ecom  es v isib ly

 of m  ilk  b ein g  con su m  ed . T h is b loated  ap p earan ce c


 fem  ale's d ep artu re. A ll p u p s w ere cap tu red  b y  h a


 w ere sh eltered  from  th e su n .


 P u p s w ere treated  sim ilarly  to ad ult fem ales, w ith  th e ex cep tion  th at th ey  receiv ed  tw o

 m l in tram u scu lar in jection s of D 20, on e in  each  h ip , for a total of 20 m l. T h e in creas


 v olu m e of D 20 p erm itted  m easu rem en ts to b e m ad e ov er a 7-d  p eriod . E ach  p u p  a


 receiv ed  a 5 m l in jection  of 94.2%  en rich ed  O 18 lab eled  w ater to m easu re field  m etab oli


 rate (F M R ). A  secon d  b lood  sam p le w as collected  after a 3-h  equ ilib ration  p eriod  an d  eac


 p u p  w as m ark ed  w ith  a u n iqu e n u m b er for id en tification  in  th e field . P u p s w ere th e


 released  b ack  on to th e colon y  n ear th e cap tu re site. A fter 7 d , all p u p s w ere recap tu red


 w eig h ed  an d  an oth er 5 m l b lood  sam p le w as collected  to d eterm in e b od y  w ater tu rn o


 rate. If th e p u p 's b od y  m ass ch an g ed  b y  m ore th an  10% , total b od y  w ater (T B W ) w as assu m 


 to h av e ch an g ed  (N ag y  an d  C osta, 1980; C osta 1987, 1988) an d  w as rem easured  b y  in jecti


 an oth er 3 m l of D 20, allow in g  3 h  for equ ilib riu m  an d  tak in g  a fin al 5 m l b lood  sam p le


 F em ale atten d an ce.--O f th e 66 tran sm itters d ep loy ed , on ly  29 in d iv id u als p rov


 u sed  in  th e an aly sis. In d iv id u al an im als w ere ex clu d ed  from  th e an aly sis b ecause

 tran sm itter recep tion , (2) loss or failu re of th e tran sm itter, (3) on ly  on e trip  to se


 or (4) an  in d iv id u al w as n ot ob serv ed  n u rsin g  a p u p  or w as ob serv ed  n u rsin g  on


 or tw o occasion s. It is p ossib le th at n on -n u rsin g  fem ales m ain tain  d ifferen t c


 atten d in g  fem ales.
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 Stu d y  an im  als w ere assu m  ed  to b e on  th e colon y  if an  u n


 for at least 1 h . T h is m  in im  u m  requirem  en t elim in ated  ra


 b ack g roun d  n oise lev els. A n im  als w ere assu m ed  to b e at se


 for at least 6 h . T h e tim  e of 6 h  w as selected  u sin g  a fre


 d escrib ed  in  B oy d  et al. (1991). F or all in d iv id u als, trip s to sea


 T rip s to sea in itiated  in  resp on se to h u m an  d istu rb an ce w er


 In  m ost cases, th is in clu d ed  th e in itial trip  to sea follow in g  c


 colon y  im m ed iately  after release. In d iv id u al fu r seals d iffere


 sea an d  p eriod s of atten d an ce on  th e colon y . A s fem  ales ar


 y ear, m  ean  v alu es for tim  e on  sh ore, tim  e at sea, total cy cle ti


 start of th e n ex t trip  to sea), p ercen tag e of th e cy cle tim  e sp


 cy cle tim  e sp en t at sea w ere d eterm  in ed  for each  in d i


 com p arison .


 M ilk  an aly sis.--Sam  p les w ere th aw ed  an d  h om  og en ized  p r


 all com  p on en ts. T h e p ercen tag es of w ater an d  total solid s


 d eterm in ed  g rav im etrically  after ly op h ilization  for 48 h  (


 an d  <5 m  icron s H g  to a con stan t w eig h t. A sh  con ten t w as d


 low in g  in cin eration  of ly op h ilized  sam  p les in  a m  u ffle fu r


 F u rn ace) p rog ram m ed  to ram p  at 1.5 C  p er m  in u te to 175 C ,

 at 2 C  p er m in u te an d  h old  for 24 h  b efore coolin g  to roo


 T otal n itrog en  w as d eterm  in ed  colorim  etrically  w ith  N ess


 64 sp ectrop h otom  eter, follow in g  h y d rog en  p erox id e/ sulfu r


 sam  p les accord in g  to H ach  C om  p an y  (1990). W  e m od if


 ad d ition al 10 m l h y d rog en  p erox id e an d  in creasin g  h eatin g


 A d am  s (2001). M od ification  w as n ecessary  d u e to h ig h  fat c


 th e d airy  sam p les for w h ich  th e p roced u re w as d ev elop ed .


 n itrog en  X  6.38 (H ach  C om  p an y , 1990).


 T otal m  ilk  lip id s w ere d eterm  in ed  accord in g  to F olch  et a


 (1988). E n erg y  con ten t of m ilk  w as calcu lated  assu m in g  39.3 k


 for p rotein  (Sch m  id t-N ielsen , 1990). C arb oh y d rates w ere

 trib u tion  to th e total solid s in  otariid  m ilk  is con sid ered  n


 B od y  com  p osition  an d  p u p  m  ilk  in tak e.-B lood  sam  p les w er


 con tain in g  seru m   sep arators an d  cen trifu g ed  for 10 m  in .


 cry otu b es an d  stored  in  a freezer. Seru m   sam  p les w ere se


 (N ash ua, N ew  H am  p sh ire) for an aly sis of d eu terium   an d  O


 In itial total b od y  w ater (T B W  1) for fem ales an d  p u p s w as


 [(2H d ilu tion )-(2H H 20)1 X  [(g H 20) x  (g  isotop e g iv en )]


 T [(H *2-H *) [g  stock  u sed  X  18.02]


 T B 11.04 (1)

 w  h ere 2H d iu ltion  is th e d e


 d eu teriu m  an d  H ti an d  H *2


 w  ater, resp ectiv ely  (N ag y

 Isotop e g iv en  (g ) refers to

 am ou n t of isotop e u sed  d u ri


 (M  etab olic Solu tion s, In c., 1


 b od y  m ass ov er th e m easu re


 T B W 2 = M 2 X  (T B W 1/ M I), (2)


This content downloaded from 161.55.198.60 on Wed, 28 Dec 2016 18:02:39 UTC

All use subject to http://about.jstor.org/terms


AR033939

http://about.jstor.org/terms


 2005 G A M  E L  E T  A L .: F U R  SE A L  E N E R G E T IC S 157


 w  h ere M   is b od y  m  ass (k g ) an d  su b scrip ts 1 an d


 resp ectiv ely . T otal w ater efflu x  (T W  E ) for p u p s

 2000(T B W 2 - T B W 1) X  ln (H * 1T B W 1/ H *2T B W 2),(3)


 (M i + M 2) ln (T B W 2/ T B W I)t  

 w h ere T B W 2 is b od y  w ater v olum e (m l) at recap ture an d  T B W 1 is b od y  w ater v olum e at th e 


 tim e on  in itial in jection  (m l), H *i an d  H *2 are th e in itial an d  fin al sp ecific activ ities of  th e 


 isotop e in  b od y  w ater, resp ectiv ely , M  is b od y  m ass (g ) an d  t is th e tim e b etw een  in itial


 in jection  an d  fin al sam ple collection  (N ag y  an d  C osta, 1980). E m b edd ed  w ith in  th e form ula 


 is th e con v ersion  of  m ass from  g  to k g . T otal w ater in tak e (T W I) w as calcu lated  as:


 T W I = T W E  + [2000(T B W 2 - T B W i)/ (t X  (M I + M 2))] (4)


 W e calcu lated  m ass sp ecific m ilk  in tak e (M I) as:


 M I = (100 x  T W I)/ (% W ~ + 1.07% FM ) (5)


 w h ere % W M  an d  % F M  are th e av erag e p rop ortion s of w ater an d  fat in  th e m ilk  (O fted


 et al., 1987).


 T h e p ercen tag e of m ass th at w as lip id  for b oth  ad u lt fem ales an d  p u p s w as calcu lated  as:


 T B L i (% ) = 66.562 - 0.845 X  T B W 1 (% ) (6)


 w h ere T B L i is th e total b od y  lip id  at in itial cap tu re. T h e p ercen tag e of T B L  a


 (T B L 2) w as calcu lated  u sin g  T B W 2 in  p lace of T B W 1. T h e p ercen tag e of m ass th


 tissu e w as calcu lated  as:


 T B P i (k g ) = 0.267 x  M , (k g ) - 0.130 X  T B W 1 (k g ) + 0.087 (7)


 w h ere T B P  is total b od y  p rotein  at in itial cap tu re. T h e lean  b od y  m ass at recap tu re (T B P 2


 w as calcu lated  su b stitu tin g  in  M 2 an d  T B W 2. E qu ation s 6-7 are tak en  from  A rn ou ld  et al.


 (1996). F rom  th e v alues for T B L I an d  T B L 2, th e d aily  rate of fat d ep osition  (F D ) w a


 calcu lated  as:


 FD  = {[(T B L2(% ) M 2)/100] - [(T B Li(% ) X  M 1)/100]}/t (8)


 T h e daily  rate of protein  deposition  (PD ) w as calculated as:


 P D  = (T B P 2(k g ) - T B P 1 (k g ))/ t (9)


 Statistical an aly sis follow ed  th e m eth od s d escrib ed  in  Z ar (1984). D


 n orm ality  u sin g  th e K olm og orov -Sm irn ov  test an d  an  F -test w as u sed


 g en eity  of v arian ces. U n less oth erw ise stated , d ata are p resen ted  as m 


 resu lts w ere con sid ered  sig n ifican t for P  < 0.05. W h ere n o sig n ifican t

 b etw een  y ears or sex es, d ata w ere com b in ed . Statistical an aly sis

 com p u ter softw are (SP SS In c., C h icag o, Illin ois).


 R E SU L T S


 F em ale atten d an ce. -T w en ty -n in e fem ales w ere u sed  in  th e an aly sis of atten d an ce p attern 


 10 in  1996, fou r in  1997, eig h t in  1998 an d  sev en  in  1999 (T ab le 1). T w o h u n d red  sev en 


 on e p eriod s on  sh ore an d  290 trip s to sea w ere record ed . D u rin g  th e first 4 m o of lactat


 tim e on  sh ore h ad  an  av erag e d u ration  of 1.86 + 0.77 d  (ran g e: 0.1 to 6.8 d ). T rip s to

 h ad  an  av erag e d u ration  of 5.23 ? 2.69 d  (ran g e: 0.3 to 25.9 d ). T h ere w ere n o sig n ific


 d ifferen ces am on g  y ears for tim e on  sh ore (F  = 0.917, P  = 0.447) or trip  d u ration  (F = 2.7


 P  = 0.063). O v er th e 4-y  stu d y  p eriod , lactatin g  fem ales sp en t an  av erag e of 29.62%  of th 
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 T A B L E  1.-Su m m  ary  of an n u al atten d an ce p attern s. T h is tab le sh ow s


 total atten d an ce cy cle, p ercen tag e of tim  e on  sh ore an d  p ercen tag e o


 stan d ard  d ev iation )


 T im e on  T im e at T otal cy cle %  of C y cle %  of C y cle


 Y ear n  sh ore (d ay s) sea (d ay s) tim e (d ay s) tim e on  sh ore tim e at sea


 1996 10 2.15 ? 0.69 5.93 ? 2.44 8.08 ? 5.26 28.6 ? 11.18 71.4 ? 11.18


 1997 4 1.71 ? 0.55 2.02 ? 1.62 3.73 ? 2.75 50.6 ? 13.46 49.4 ? 13.46


 1998 8 1.85 ? 0.62 5.96 ? 3.25 7.81 ? 3.54 27.2 ? 10.97 72.7 ? 10.97


 1999 7 1.55 ? 1.07 5.21 ? 1.66 6.76 ? 2.88 21.


 A ll Y ears 29 1.86 ? 0.77 5.23 ? 2.69 7.09 ? 4.32 29.62 ? 13.99 70.37 ? 13.99

 A N O V A ; P  < 0.05 P  = 0.447 P  = 0.063 P  = 0.094 P  = 0.004 P  = 0.004


 1997 > 1996, 1996, 1998,


 1998, 1999 1999 > 1997


 tim e on  sh ore an d  70.37%  at sea. In d iv id u al atten d an ce cy cles (p eriod  of tim e

 arriv al on  sh ore an d  th e n ex t) av erag ed  7.09 t 4.33 d  (ran g e: 1.8 to 21.8 d ) (T ab


 w ere n o sig n ifican t d ifferen ces in  atten d an ce cy cle am on g  y ears (F  = 2.381, P


 A tten d an ce p attern s w ere an aly zed  for in teran n u al v ariation  ov er th e 4 y  o


 (T ab le 2). N o sig n ifican t in teran n u al d ifferen ces w ere fou n d  am on g  y ears for t


 (F  = 0.135; 0.286; 0.243; an d  0.002, P  > 0.05, resp ectiv ely ) or forag in g  trip  d u


 1.683; 0.205; 1.392; an d  0.440, P  > 0.05) d u rin g  each  of th e first 4 m o of lact


 In tra-an n u al v ariation  in  atten d an ce p attern s am on g  m on th s (N ov em b er t


 w as also ex am in ed  (T ab le 2). A  com p arison  of each  of th e first fou r m on th s o


 sh ow ed  n o sig n ifican t d ifferen ces in  th e tim e sp en t on  sh ore am on g  m on th s (F


 0.122). B y  con trast, trip s to sea d iffered  sig n ifican tly  am on g  m on th s (F  = 4.456


 w ith  trip s to sea d u rin g  th e secon d  an d  fou rth  m on th s b ein g  sig n ifican tly  lon g er


 T A B LE  2.-Su m m ary  of m on th ly  atten d an ce p attern s. Sh ow s m ean  m on th ly  atten d an ce


 sh ore an d  trip s to sea for th e first fou r m on th s of atten d an ce. Sam p le size an d  m ean  (


 rep orted  for each  y ear. R ep orted  v alu es are in  d ay s


 M  on th  1 M  on th  2 M  on th  3 M  on th  4


 Y ear n  (N ov . 20-D ec. 19) n  (D ec. 20-J an . 19) n  (J an . 20-Feb . 19) n  (F eb . 20-M ar. 19)


 M ean  T im e on  Sh ore


 1996 9 1.88 + 0.60 7 2.78 ? 1.02 3 1.64 ? 1.11 0


 1997 4 1.71 ? 0.48 0 - 0 - 0


 1998 8 1.86 ? 0.91 6 2.24 ? 1.28 8 1.66 ? 0.84 4 2.23 ? 2.10


 1999 7 2.05 + 1.23 6 2.13 ? 1.65 5 1.16 ? 1.24 3 2.07 ? 1.83


 A ll Y ears 28 1.89 ? 0.84 19 2.40 ? 1.28 16 1.50 _  0.98 7 2.1


 A N O V A ; P  < 0.05 P  = 0.122


 M ean  tim e at sea


 1996 9 3.34 ? 1.51 7 8.44 ? 4.66 7 8.88 + 4.88 0 -

 1997 4 2.02 + 1.62 0 - 0 - 0


 1998 8 3.96 ? 2.19 6 7.21 ? 5.88 6 6.09 ? 5.40 6 10.29 ? 7.42


 1999 7 4.80 ? 2.66 7 6.51 + 3.34 5 3.21 ? 2.66 3 4.21 ? 1.56


 A ll Y ears 28 3.69 ? 2.14 20 7.40 ? 4.36 18 6.37 ? 4.92 9 8.26 ? 6.65


 A N O V A ; P  < 0.05 P  = 0.006; M on . 1 < M on . 2, 4
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 cn  9


 6)


 o 6


 > 5


 4- 4


 0) 3


 2 2"I  a1

 a A rriv als (271)


 0 , I I I_  1.1.. ..


 H ou r of th e D ay


 F IG . 1.-P ercen tag e of arriv als an d  d ep artu res b y  tim e of d ay . Sh ow s all arriv


 rook ery  from  1996 to 1999 occu rrin g  in  each  h ou r of th e d ay  (29 fem ales)


 to sea d u rin g  th e first m on th  (m ean  d ifferen ces = 3.71 an d  4.57

 resp ectiv ely ).


 A tten d in g  fem ales m ov ed  on  an d  off th e colon y  th rou g h ou t th e


 33.3%  of arriv als on  th e colon y  occu rred  b etw een  07:00 an d  10:00


 b etw een  03:00 an d  04:00 (12.1% ) an d  20:00 an d  21:00 (9.2% ). T h e m 


 b eg an  b etw een  06:00 an d  09:00 (24.9% ), w ith  th e larg est n u m b er d e


 B od y  com p osition .--M orp h om etric d ata w ere collected  from  35 a


 (T ab le 3). In  1998 th e 24 fem ales ex am in ed  h ad  an  av erag e m ass of 62.71 _ ? 13.21 k g  (ran g e:
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 1999, w ith  a m ean  m ass of  58.64 _ ? 11.04 k g  (ran g e: 40.5-73.5 k g ), a stan d ard  len g th  of 


 137.91 ? 9.14 cm  (ran g e: 122.0-149.5 cm ) an d  an  ax illary  g irth  of  95.64 _  7.34 cm  (ran g e:


 86.0-105.0 cm ).

 T B L  an d  T B P  w ere m easu red  for  19 ad u lt lactatin g  fem ales, eig h t in  1998 an d  11 in 


 1999 (T ab le 3). N o sig n if ican t d iff eren ce w as f ou n d  b etw een  y ears f or eith er  T B L  (t= 0.152,


 T A B L E  3.-Su m m ary  of  A d u lt f em ale m orp h om etrics an d  b od y  com p osition  sh ow in g  m ean 


 (? stan d ard  d ev iation ) v alu es f or fem ale m ass, stan d ard  len g th , ax illary  g irth , total b od y  lip id s an d 


 total b od y  p rotein . V alu es are rep orted  for 1998, 1999, an d  b oth  y ears com b in ed . N o sig n ifican t


 d if feren ce w as f ou n d  b etw een  y ears at P  < 0.05


 Y ear Stan d ard  A x illary  T otal b od y  T otal b od y


 cap tu red  M ass (k g ) len g th  (cm ) g irth  (cm ) lip id s (% ) p rotein  (% )


 1998 62.71 ? 13.21 136. 44 ? 8.31 99.65 _  8.48 11.32 ? 3.02

 (n  = 24) (n  = 24) (n  = 24) (n  = 8) (n  = 8) 

 1999 58.64 ? 11.04 137.91 ? 9.14 95.64 ? 7.34 10.85 + 1.76 19.06 + 2.58


 (n  = 11) (n  =11) (n  = 11) (n  = 11) (n  = 11)


 A ll Y ears 61.43 + 12.56 136.90 ? 8.47 98.39 ? 8.2
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 T A B L E  4.-P u p  b od y  com p osition  su m m ary  sh ow in g  sex , in itial b od


 total b od y  lip id s at in itial cap tu re, %  total b od y  lip id s at recap tu r


 cap tu re an d  %  total b od y  p rotein  at recap tu re for C ap e fu r seal


 follow in g  in itial cap tu re. Statistical an aly sis com p ares d ata for m 


 sig n ifican t d ifferen ce w as fou n d  b etw een  th e sex es, d ata w ere com 


 R ecap tu re R ecap tu re


 In itial R ecap tu re In itial total total b od y  In itial total total b od y 


 Seal p u p  id  Sex  m ass (k g ) m ass (k g ) b od y  lip id  (% ) lip id  (% ) b od y  p rotein  (% ) p rotein  (% )


 P 1 M   8.9 9.4 8.7 11.7 18.8 19.2


 P 2 M   7.7 8.8 10.6 9.9 19.2 19.0


 P 3 M   7.1 8.8 8.3 10.9 19.0 19.1


 P 4 F  5.7 5.6 4.3 3.2 18.7 18.5


 P 5 F  5.8 5.2 8.3 1.6 19.2 18.4


 P 6 M  7.5 6.4 8.0 9.8 18.9 19.3


 P 7 M   6.0 6.4 7.4 11.1 19.1 19.5


 P 8 M   7.9 8.5 9.9 13.9 19.1 19.6


 P 9 F  7.0 7.4 8.6 11.8 19.0 19.4


 P IO  M   7.9 6.7 7.7 8.6 18.8 19.1


 P 11 F  6.4 6.8 8.5 11.9 19.1 19.6


 P 12 F  5.6 4.9 9.2 7.9 19.4 19.5


 P 13 F  6.2 6.1 6.6 5.6 18.9 18.8


 M ean  (? sD ) 7M  7.57 ? 0.89


 6F  6.12 ? 0.53 6.00 ? 1.96

 t-test, P  < 0.05 P  = 0.006 P  = 0.015 N S N S N S N S


 P  = 0.881) or T B P  (t -0.466, P  = 0.647). M  ean  v a


 (19.15 + 2.60% ) are a com  b in ation  of b oth  y ears.


 D u rin g  th e 1999 field  season , 13 1 m  o old  p u p


 cap tu red  an d  th eir b od y  com  p osition  w as m  easu r


 of 8.64 t 1.17%  (ran g e: 7.4-10.6% ) an d  a m  ean


 19.2% ). F em  ale p u p s h ad  a m  ean  T B L  of 7.58 t 1.8


 of 19.06 -t- 0.27%  (ran g e: 18.7-19.4% ). N o sig n ifica


 -1.259, P  = 0.234) or T B P  (t= 1.259, P  = 0.234) b et


 w ere com  b in ed , m  ean  T B L  w as 8.15 ? 1.55%  (r


 0.22%  (ran g e: 18.7-19.4% ).


 M  ilk  com  p osition .--M  ilk  w as collected  from   17 lact


 atten d an ce, six  in  1998 an d  elev en  in  1999 (T ab le


 follow s: w ater 58.07 ? 6.79%  (ran g e: 47.5-68.0% ),

 p rotein  10.76 ? 1.23%  (ran g e: 9.1-13.1% ;) an d  a


 T A B L E  5.-M  ilk  com  p osition  (p ercen tag e of w ater, ash


 sh ow n . D ata from   1998 (n  = 6) an d  1999 (n  = 11) is com  b


 b etw een  y ears at P  < 0.05


 n  W ater (% ) A sh  (% ) P rotein  (% ) L ip id  (% ) E n erg y  (k J  m l-1)


 M ean  (? SD ) 17 58.07 ? 6.79 2.02 ? 0.58 10.76 ? 1.23 23.16 ? 8.24 11.02 ? 3.10


 R an g e (47.5-68.0) (1.2-2.8) (9.1-13.1) (7.9-35.3) (5.5-15.6)
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 T A B L E  6.-P u p  en erg etic su m  m  ary  sh ow  in g  field  m  et


 g oin g  to m  ain ten an ce, p ercen tag e of en erg y  g oin g  t


 am  ou n t of m  ilk  fat tak en  in , am  ou n t of m  ilk  p rot


 d ep osited  an d  d aily  m  ass g ain  for C ap e fu r seal p u p s


 fem  ale p u p s. W  h ere n o sig n ifican t d ifferen ce w  as fo


 a sin g le m  ean  v alu e


 n  M ean  t sD  R an g e t-test, P  < 0.05


 F ield  M etab olic R ate (k J  k g -' d -1) 7M  504.08 + 30.5


 6F  578.02 ? 19.48 (557.3-600.5)


 E n erg y  In tak e (k J  k g -1 d -1) 13 1505.14 ? 320.80 (1093.3-2181.8) N S


 E n erg y  to m ain ten an ce (% ) 13 37.16 + 8.04 (25.8-51.2) N S


 E n erg y  to G row th  (% ) 13 62.84 ? 8.04 (48.8-74.2) N S


 M ilk  In tak e (m l k g -1 d -1) 13 136.58 ? 29.11 (99.2-198.0) N S


 M ilk  F at In tak e (g  d -1) 13 220.32 ? 46.59 (172.8-256.4) N S


 M ilk  Protein  In tak e (g  d-1) 13 102.35 ? 21.63 (77.0-142.9) N S


 Fat D eposition  (g  d-1) 13 16.10 _  34.93 (-58.1-54.0) N S


 P rotein  D ep osition  (g  d -1) 13 21.40 + 59.20 (-125.3-78.2) N S 

 D aily  M ass G ain  (g  d -') 13 99.30 + 3154.10 (-4240.8-5935.2) N 


 en erg y  con ten t av erag ed  11.02 ? 3.10 k J  m l-1 (ran g e: 5.5-15.6 k J  m l-1). R ep orted  v a


 a com b in ation  of th e 2 y .


 P u p  en erg etics.-T h e F M R  of 13 p u p s (7 m ales, 6 fem ales) w as m easu red  in  1999

 lab eled  w ater m eth od s (T ab le 6). F M R  av erag ed  538.21 ? 45.78 k J  k g -1 d -1 (m ale p


 504.08 ? 30.53 k J  k g -1 d -l; fem ale p u p s: 578.02 ? 19.48 k J  k g -1 d -'). P u p s' m ilk  in 


 av erag ed  136.58 ? 29.11 m l k g -1 d -1 (ran g e: 99.2-198.0 m l k g -1 d -l). M ean  en erg y 


 w as 1505.14 1 320.80 k J  k g -1 d -1 (ran g e: 1093.3-2181.8 k J  k g -' d -'), of  w h ich 


 8.04%  w en t to b od y  m ain ten an ce an d  62.84 ? 8.04%  w en t to g row th . M ilk  fat an d  p


 in tak e av erag ed  220.32 - 46.59 g  d -1 (ran g e: 172.8-256.4 g  d -') an d  102.35 ? 21.63 g


 (ran g e: 77.0-142.90 g  d -), resp ectiv ely . F at w as d ep osited  at a rate of 16.10 + 34.9


 (ran g e: -58.1-54.0 g  d -) an d  p rotein  at a rate of 21.40 + 59.20 g  d -1 (ran g e: -125.3


 d -1). D aily  m ass g ain  av erag ed  99.30 + 3154.10 g  d -1 (ran g e: -4240.8-5935.2 g  d


 sig n ifican t d ifferen ce w as fou n d  b etw een  m ales an d  fem ales in  term s of  en erg y  in t


 0.719, P  = 0.487), en erg y  sp en t on  g row th  (t =-0.516, P  = 0.616), en erg y  u sed  for


 m ain ten an ce (t= --0.326, P  = 0.751), m ilk  in tak e (t= -0.939, P  = 0.368), m ilk  lip id

 (t= 1.276, P  - 0.228), m ilk  p rotein  in tak e (t= 1.276, P  = 0.228), lip id  d ep osition  (t-

 P - 0.056), p rotein  d ep osition  (t= 1.655, P  - 0.126) or d aily  m ass g ain  (t= 1.105, P -0


 M ale p u p s w ere sig n ifican tly  larg er th an  fem ale p u p s at b oth  in itial cap tu re (t= 3.


 0.006) an d  recap tu re (t= 2.880, P  - 0.015). H ow ev er, fem ales h ad  sig n ifican tly  g reat


 m etab olic rates (7.3% ) th an  m ales (t -5.093, P  < 0.001).


 D ISC u SSIO N 


 F em ale atten d an ce.--T im e on  sh ore w as fairly  con sisten t am on g  in d iv id u als w ith in  y ears an d 


 b etw een  y ears. T h e d u ration  of tim e on  sh ore ob serv ed  in  th is stu d y  w as sim ilar to th at for


 oth er fu r seals, in clu d in g  th e A u stralian  fu r seal (A rctocep h alu s p u sillu s d oriferu s; A rn ou ld  an d 


 H in d ell, 2001), n orth ern  fu r seal (C allorh in u s u rsin u s; G en try  an d  H olt, 1986; G en try , 1998a),


 su b an tarctic fu r seal (G eorg es an d  G u in et, 2000) an d  A n tarctic fu r seal (A rctocep h alu s g azella;


 D oid g e et al., 1986; B oy d  et al., 1991; B oy d , 1999). It h as b een  sug g ested  th at tim e on  sh ore is
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 reg u lated  in  resp on se to en v iron m en tal factors an d  p h y sio


 G en try , 1986; K ov acs an d  L av ig n e, 1992).


 G en try  (1998b ) fou n d  th at n orth ern  fu r seals w ere n ot lim 


 th e fem ale's ab ility  to fast. T im e sp en t on  sh ore w ith  th e p u p

 th e total tim e on  sh ore w as flex ib le en ou g h  to accom m od ate


 to fin d  h er p u p  an d  b eg in  n u rsin g . A s C ap e fu r seals on  av erag


 seals, w e w ou ld  ex p ect to see a sim ilar ab ility  to ex ten d  th e tim 


 an d  n u rse a p u p . U p  to a p oin t, a fem ale's ab ility  to fast sh ou ld


 tim e on  sh ore.


 A m on g  otariid s, d u ration  of trip s to sea is h ig h ly  v ariab le. D ocu m en ted  m ean  trip  len g th s


 d u rin g  th e su m m er ran g e from  0.5 d  for th e G alap ag os sea lion  (T rillm ich , 1986a) to 12


 d  for th e J u an  F ern an d ez fu r seal (F ran cis et al., 1998), w ith  m an y  sp ecies su ch  as n orth e


 fur seals, A n tarctic fur seals, suban tarctic fur seals an d  South  A m erican  fur seals


 (A rctoceph alus australis) sh ow in g  a m ean  trip  d uration  fallin g  b etw een  four to ten  d ay s


 (D oidg e et al., 1986; G en try  an d  H olt, 1986; T rillm ich  et al., 1986; B oy d  et al., 1991; G en try ,


 1998b; G eorges an d  G uin et, 2000).


 R an d  (1949) rep orted  exten ded  trips to sea at th e Sin clair Islan d  colon y  (27'40'S,


 15'31'E) b etw een  1947 an d  1949, w ith  7-9 d  absen ces from  th e colon y  b ein g  th e average.


 T h ese fin din gs d iffer from  th ose of D avid  an d  R an d  (1986). A tten dan ce data from  th e


 Sin clair Islan d  colon y  (1947 an d  1948) an d  th e V an  R een en  B ay  colon y  (27o25'S, 15'19'E;


 1977 to 1982) sh ow  a m ean  tim e on  sh ore of 2.4 d , in terrupted  by  trips to sea lastin g  2.9


 d  (D avid  an d  R an d, 1986). A  m ean  tim e on  sh ore of 1.86 d  w as observed  in  th e curren t


 study . T im e spen t on  sh ore differed  sign ifican tly  betw een  th e differen t studies (t =-3.777,


 P  = 0.001). W e observed  a m ean  tim e at sea of 5.23 d  (125.52 + 64.488 h ) th at w as sig-

 n ifican tly  g reater th an  th e 2.9 d  trips recorded  b y  D avid  an d  R an d  (1986; t = 4.663, P  <


 0.001). H ow ever, th e m ean  trip  duration  in  our study  w as sig n ifican tly  sh orter th an  R an d 's


 earlier observation s (1949; t - -5.5580 P  < 0.001).


 R an d's (1949) reported  fin din g s of 7-9 d  trips to sea from  th e Sin clair Islan d  colon y  are


 g reater th an  th e 5.23 d  trips observed  at K lein see. D avid  an d  R an d  (1986), on  th e oth er


 h an d, observed  a m ean  tim e at sea from  b oth  th e Sin clair Islan d  an d  V an  R een en  B ay 


 rook eries to b e 2.3 d  less th an  at K lein see an d  a tim e on  sh ore th at w as 0.5 day s lon g er. T h e


 variation  observed  b oth  at d ifferen t tim es an d  in  d ifferen t location s suggests th at th e


 atten dan ce p attern s of C ape fur seals are p lastic en ough  to be m odified  in  respon se to


 en v iron m en tal f actors. L ittle v ariation  w as ob serv ed  in  th e tim e on  sh ore at d ifferen t


 location s. T h is su p p orts th e id ea th at tim e on  sh ore is a b alan ce b etw een  p rov id in g

 p u p  w ith  en ou g h  n u trition  w h ile th e m oth er rem ain s w ith in  h er fastin g  lim its (G en t


 et al., 1986).


 W h ile tim e on  sh ore d id  n ot d iffer b y  m on th , m ean  tim e at sea in creased  ov er th e first 4


 m o of lactation . Sim ilar b eh av ioral p attern s h av e b een  rep orted  for n orth ern  fu r seals


 (G en try  an d  H olt, 1986), C aliforn ia sea lion s (Z alop h u s californ ian u s californ ian u s; P eterson 


 an d  B arth olom ew , 1967), su b an tarctic fu r seals (G eorg es an d  G u in et, 2000), Steller sea lion s


 (E um etop iasju b atu s; G en try , 1970) an d  G alap ag os sea lion s (T rillm ich , 1986a). T h e in crease


 h as p rev iou sly  b een  d ocu m en ted  in  th e C ap e fur seal (D av id  an d  R an d , 1986) an d  its closest


 relativ e th e A u stralian  fu r seal (A rn ou ld  an d  H in d ell, 2001). F ield  ob serv ation s sh ow ed  th at


 p u p s d o n ot n u rse con tin u ou sly  w h ile th eir m oth ers are on  sh ore. B y  in creasin g  th e


 p ercen tag e of tim e sp en t n u rsin g  or in g estin g  m ilk  w ith  in creased  lip id  con ten t, it is p ossib le


 for th e p up  to in crease its n u trien t in tak e w ith ou t th e m oth er in creasin g  h er tim e on  sh ore.


 T h e in crease in  len g th  of trip s to sea is a p red ictab le resp on se to th e in creased  en erg etic


 d em an d s p laced  on  th e n ursin g  fem ale b y  h er g row in g  p u p . A s th e en erg etic n eed s of  th e
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 p u p  in crease, th e fem  ale m  u st sp en d  g reater p eriod s of tim 


 an d  th e p u p 's n eed s. A ssu m  in g  th e sam  e forag in g  sites


 p erm  its th e fem  ale to in crease h er total forag in g  effort o


 tran sit tim e.


 A rriv al an d  d ep artu re tim es from  th e colon y  w ere con sisten t w ith  d aily  m ov em en t


 p attern s on  th e colon y . T h e p u p p in g  season  occu rs in  th e su m m er m on th s of th e sou th ern 


 h em isp h ere. A s a resu lt, d ay tim e tem p eratu res are often  h ig h  on  C ap e fu r seal rook eries. T o


 av oid  th e h eat, ad u lt fur seals m ov e to th e w ater's ed g e as th e d ay tim e tem p erature


 in creases. A ctu al m ov em en t tim es v ary  w ith  tem p eratu re; a m ass m ov em en t of an im als is


 u su ally  ob serv ed  b etw een  08:00 an d  10:00. Seals m ov e aw ay  from  th e w aters ed g e an d  b ack 


 on to th e in lan d  p ortion  of th e colon y  b etw een  17:00 an d  20:00. D u rin g  th e first m on th  of


 life, p u p s rem ain  n ear th e n atal site, u su ally  sh eltered  from  th e su n  b y  rock  ou tcrop s. M on th 


 old  p u p s, w h ich  are m ob ile, follow  th e sam e m ass m ov em en t p attern s seen  in  ad u lts.


 W ith  24.9%  of d ep artu res from  th e colon y  occu rrin g  b etw een  06:00 an d  09:00, m an y 


 lactatin g  fem ales tim e th eir d ep artu res from  th e colon y  to coin cid e w ith  th e d aily  m ov em en t


 to th e w ater's ed g e. Still, m an y  d ep artures occu rred  at all h ours, w ith  th e m in im um  of 1.7% 


 of d ep artu res occu rrin g  at 22:00.


 A rriv als also sh ow ed  a relation sh ip  w ith  d aily  m ov em en t p attern s on  th e colon y . O n e-th ird


 (33.3% ) of all arriv als took  p lace b etw een  07:00 an d  10:00. T h is coin cid es w ith  th e m ass


 m ov em en t to th e w ater. It is n ot k n ow n  if arriv in g  fem ales rem ain ed  at th e w ater's ed g e u n til


 d ay tim e tem p eratu res d ecreased  or if th ey  im m ed iately  m ad e efforts to locate an d  n u rse


 th eir p u p . Sm aller p eak s in  arriv al tim es coin cid ed  w ith  p eriod s of cooler tem p eratu res on 


 th e colon y . F ew  arriv als occu rred  b etw een  13:00 an d  15:00, su g g estin g  th at fem ales eith er


 arriv e in  th e m orn in g , or w ait u n til tem p eratu res on  th e colon y  d rop  b efore retu rn in g .


 M ilk  com p osition .-M ilk  com p osition  v alu es in  th is stu d y  (m ilk  lip id  23.16% , p rotein 


 10.76% ) w ere sim ilar to th ose ob serv ed  b y  R an d  (1955), w h o fou n d  v alu es of 18.6%  an d


 10.0%  for lip id  an d  p rotein , resp ectiv ely . T h ese lip id  an d  p rotein  lev els are sim ilar to th ose


 of oth er otariid s. M ilk  lip id  lev els in  otariid s ran g e from  17 to 45% , w ith  rare cases reach in g


 57%  (T rillm ich  an d  L ech n er, 1986; R ied m an , 1990; B oy d  et al., 1999; G eorg es et al., 2001).


 Sp ecies th at u n d erg o b rief lactation  p eriod s cou p led  w ith  lon g  forag in g  trip s p rov id e th eir


 y ou n g  w ith  m ilk  con tain in g  h ig h er lip id  lev els th an  sp ecies w ith  m ore ex ten d ed  lactation 


 p eriod s an d  sh ort forag in g  trip s (T rillm ich  an d  L ech n er, 1986). C ap e fu r seals fall b etw een 


 th ese tw o ex trem es.


 B oth  th e G alap ag os sea lion  an d  th e Steller sea lion  h av e low er m ilk  lip id  lev els at 17% 


 an d  20% , resp ectiv ely  (P ou lter et al., 1965; T rillm ich  an d  L ech n er, 1986). In  con trast,


 C aliforn ia sea lion s, su b an tarctic fu r seals, n orth ern  fu r seals, G alap ag os fu r seals, Sou t


 A m erican  fu r seals an d  A n tarctic fu r seals all p rod u ce m ilk  con tain in g  lip id  lev els ran g in 


 from  36%  to 57% , m ore th an  d ou b le th at ob serv ed  in  C ap e fu r seals (C osta an d  G en tr


 1986; T rillm ich  an d  L ech n er, 1986; V az-F erreira an d  P on ce d e L eon , 1987; O fted al an d


 G ittlem an , 1989; A rn ou ld  an d  B oy d , 1995).


 T h e J u an  F ern an d ez fu r seal, w h ich  also liv es in  a tem p erate en v iron m en t an d  m ak 


 forag in g  trip s lastin g  m ore th an  12 d  p rod u ces m ilk  w ith  a lip id  con ten t av erag in g  41%  d uri


 th e su m m er (F ran cis et al., 1998; O ch oa-A cu fia et al., 1999). Sim ilarly , th e su b an tarctic f


 seals foun d  on  A m sterd am  Islan d , a tem p erate en v iron m en t, are aw ay  from  th e colon y  for

 d  an d  p rod uce m ilk  w ith  on e of th e h ig h est lip id  con ten ts of an y  otariid  (G eorg es an d  G u in 


 2000; G eorg es et al., 2001). A u stralian  fu r seals p rod u ces m ilk  com p osed  of 40-42%  lip


 w h ile forag in g  for 3-6 d  (A rn ou ld  an d  H in d ell, 1999; A rn ou ld  an d  H in d ell, 2001). In  con tr


 to th ese oth er tem p erate sp ecies, th e C ap e fu r seal g oes on  forag in g  trip s of m od erate len g


 (5.23 d ) an d  p rod u ce m ilk  w ith  a com p arativ ely  low  lip id  con ten t (23.16% ).
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 T rillm ich  an d  L ech n er (1986) p rop osed  a g en eral p attern  ac


 correlates w ith  th e av erag e d u ration  of m atern al forag in g  t


 w ith  th e m atern al strateg ies of th e A u stralian  fu r seal, su b a


 F ern an d ez fu r seal (F ran cis et al. 1998; A rn ou ld  an d  H in d ell,

 G eorg es an d  G u in et, 2000; A rn ou ld  an d  H in d ell, 2001; G eor


 seal d oes n ot follow  th e p red icted  p attern . B ased  on  forag in


 are ex p ected  to p rod u ce m ilk  w ith  a lip id  con ten t of 32% .

 con ten t of 23.16% , sim ilar to lev els p rev iou sly  rep orted  b y

 O n e p ossib le ex p lan ation  for th e C ap e fu r seal n ot follow in


 b y  oth er otariid s is g eog rap h ic location . O f th e fou r tem p e


 d ata is av ailab le, th e C ap e fu r seal is th e on ly  on e th at is f


 en v iron m en t. T h e B en g u ela u p w ellin g  sy stem  off th e coast o


 rich  en v iron m en t (R an d , 1967; C h ap m an  an d  Sh an n on , 198


 Sh an n on , 1989; W  are, 1992). A u stralian  fu r seals, su b an tarcti


 fu r seals, on  th e oth er h an d , all occu r in  n u trien t p oor en


 sig n ifican t d istan ces to ob tain  th e n u trien ts th ey  n eed  (F r


 G u in et, 2000; G eorg es an d  G u in et, 2001; A rn ou ld  an d  H in d el


 an  im p ortan t com p on en t of m atern al in v estm en t an d  can  h a


 m atern al strateg y  of a sp ecies (G eorg es an d  G u in et, 2001).


 P u p  en erg etics.-In  a com p arativ e rev iew  of m ilk  com p ositio


 p eak  lactation  in  15 sp ecies of terrestrial m am m als, en erg y

 fou n d  to scale to b od y  m ass (k g ) to th e 0.83 p ow er, com p are


 p ow er for ad u lts (O fted al, 1984). U sin g  th is scalin g  factor, y ou


 941.4 k J  k g -0.83 d - at th e p eak  of lactation  (O fted al, 1984).

 factor for otariid  p u p s is n ot k n ow n , en erg y  in tak e (k J  d -1) w 


 to th e p ow er of 0.83 for in tersp ecies com p arison s. E n erg y  in ta


 p u p s (1556.5 k J  k g -0.8 d -; C osta an d  G en try , 1986), C alifor


 k g -083 d -1; O fted al et al., 1987) an d  Steller sea lion  p u p s (1


 2001) in d icate th at th ese sp ecies m ain tain ed  en erg y  in tak e le


 ob serv ed  in  terrestrial m am m als. In  ou r stu d y , en erg y  in tak e

 2082.00 _  418.70 k J  k g 0.83 d -', w h ich  w as 121%  h ig h er th an  p red icted  for terrestrial


 m am m als an d  34-53%  h ig h er th an  oth er otariid  p u p s. A u stralian  fu r seal p u p s av erag e an

 en erg y  in tak e lev el of on ly  720 k J  k g -' d 1 (A rn ould  an d  H in dell, 2002), slig h tly  less th en 


 h alf of th e 1505.14 k J  k g -1 d -1 en erg y  in tak e v alu es d ocum en ted  in  th is stu d y .


 A u stralian  fu r seal p up s in crease m ass at an  av erag e rate of  53-62 g  d -1 (A rn ou ld  an d 


 H in d ell, 2002). T h ese v alu es com p are to th ose seen  in  G alap ag os fu r seal p u p s w ith  m ales


 g ain in g  43-71 g  d -1 an d  fem ales 40-61 g  d -1 (T rillm ich , 1996). D aily  m ass g ain  w as


 sig n ifican tly  h ig h er in  th e C ap e fu r seal (99.30 g  d -) th en  in  oth er tem p erate an d  trop ical


 sp ecies an d  is m ore in  lin e w ith  d aily  g ain s ob serv ed  in  su b -p olar sp ecies lik e th e A n tarctic


 an d  n orth ern  fu r seals (82-125 g  d 1-; G old sw orth y , 1992; K ov acs an d  L av ig n e, 1992; L u n n 


 et al., 1993). D av id  (1987) ob serv ed  an  av erag e d aily  m ass g ain  of 84 g  d -1 in  C ap e fu r seal


 p u p s, on ly  15%  low er th en  th e v alu es rep orted  in  th is stu d y .


 O f th e en erg y  tak en  in  from  m ilk , C ap e fu r seal p u p s used  62.84 ? 8.04%  on  g row th  an d 


 on ly  37.16 ? 8.04%  on  m ain ten an ce. T h is ap p ears to d iffer from  th e record ed  p attern  of 


 otariid  g row th  (C osta an d  W illiam s, 1999). A n tarctic fu r seal p up s used  ap p roxim ately  80% 


 of th eir total en erg y  on  g en eral m ain ten an ce an d  on ly  15%  on  g row th  (D oid g e et al., 1984).


 C osta an d  W illiam s (1999) id en tified  an  in v erse relation sh ip  b etw een  am b ien t tem -

 p erature an d  m atern al m etab olism  in  ad u lt fem ales w h ile on  sh ore. B oth  n orth ern  an d 


 A n tarctic fu r seals, w h ich  are foun d  in  en v iron m en ts w ith  low  am b ien t tem p eratu res,
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 m  ain tain  m  etab olic rates 3.4 tim  es g reater th an  t


 T rillm  ich , 1988). In  con trast, G alap ag os fu r seal

 tim  es th e p red icted  b asal m  etab olic rate (C osta

 a resu lt of d ecreased  on  sh ore activ ity  an d  lo


 en v iron m  en ts (C osta et al., 1986; C osta an d  T rillm 


 at th e K lein see colon y  are m  ore lik ely  to b e su b jec


 ex p en d in g  en erg y  to stay  w arm  , C ap e fu r seal p u p s


 lev els to a m  in im  u m  . A s p u p s b ecom  e m  ob ile, th ey


 ed g e, u sin g  th e p h y sical en v iron m  en t to m  ain ta


 m  in im  u m   en erg etic costs (C osta an d  T rillm  ich ,


 ob serv e low er m  etab olic rates in  C ap e fu r seal

 w  h ich  w  ou ld  p erm  it th e allocation  of a g reater p r


 In  th is stu d y  m  ale p u p s w  ere sig n ifican tly  larg er


 am  ou n ts of m  ilk  an d  su b sequ en tly  receiv e m  or


 et al., 1984). H ow ev er, th ere w as n o d ifferen ce


 com  p on en ts on ce a correction  for m  ass w as ap p


 h av e su g g ested  th at m  ale an d  fem  ale p u p s em  p lo


 in creasin g  lean  m  ass an d  fem  ales accu m  u latin g  g


 2000; G eorg es an d  G u in et, 2001; A rn ou ld  an d  H


 F em  ale p u p s m  ain tain ed  h ig h er field  m  etab oli


 ex p ected  as larg er org an ism  s m  ain tain  low  er m  e


 org an ism  s (Sch m  id t-N ielsen , 1990). H ow ev er, n o


 th e elev ated  m etab olic rate w as record ed .


 A n  u n d erly in g  assu m p tion  of th e lab eled  w ater m eth od  u sed  to estim ate m ilk  in tak e

 th at th e org an ism  on ly  in g ests k n ow n  qu an tities of w ater in  m ilk . In g estion  of ad d itio


 w ater w ill in flate estim ates of m ilk  in tak e. G en try  (1981) d ocu m en ted  m arip osia (in g esti


 of seaw ater) in  a n u m b er of otariid  sp ecies, in clu d in g  C aliforn ia sea lion s, n orth ern  fu r seal


 an d  N ew  Z ealan d  fu r seals (A rctocep h alu s forsteri) an d  in d icated  th at th is b eh av iour is m o


 com m on  in  sp ecies resid in g  in  w arm  en v iron m en ts as a w ay  to cou n ter h ig h  am b ien t


 tem p eratu res. L ea et al. (2002) rep orted  n u m erou s ex am p les of m arip osia in  A n tarctic fu


 seal p u p s an d  sh ow ed  h ow  w ater con su m p tion  h as im p lication s for th e estim ation  of m 


 in tak e. C ap e fu r seal p u p s can n ot sw im  u n til ab ou t six  w eek s old , b u t y ou n g er p u p s for


 g rou p s n ear th e w ater's ed g e in  ord er to stay  cool an d  som e sp lash  ab ou t in  sh allow  w ate


 W h ile p u p s w ere n ev er ob serv ed  d rin k in g  w ater d u rin g  th is stu d y  an d  h av e n ot p rev iou


 b een  d ocu m en ted , it is p ossib le th at som e seaw ater w as con su m ed . If w ater w as con su m 


 ou r calcu lation s of m etab olic w ater p rod u ction  w ou ld  b e ov erestim ated .


 M ilk  sam p les w ere collected  from  n u rsin g  fem ales w ith  2 w k  old  p u p s. Sam p les collect


 w ere th erefore n ot collected  d urin g  th e p erin atal p eriod . W e cou ld  n ot b e certain  ab out t


 tim in g  of th e p rev ious forag in g  trip  or su ck lin g  b ou t p rior to in itiatin g  m easurem en ts f


 a p u p . M ilk  lip id  con ten t can  b e affected  b y  th e am oun t of tim e th at h as p assed  sin ce th e la


 forag in g  trip  or n u rsin g  b ou t. C osta an d  G en try  (1986) fou n d  m ilk  lip id  con ten t to b e

 low er in  n orth ern  fu r seals ju st b efore d ep artin g  on  a forag in g  trip . Sim ilarly , m ilk  v olum 


 an d  com p osition  can  ch an g e follow in g  a n u rsin g  b ou t (A rn ou ld  an d  B oy d , 1995). T h ese


 factors w ere b ey on d  ou r con trol an d  m ig h t h av e h ad  som e im p act on  ou r an aly sis of m 


 con ten t.


 It m u st b e k ep t in  m in d  th at th is stu d y  on ly  ex am in ed  atten d an ce an d  en er


 C ap e fu r seal d u rin g  early  lactation . It h as b een  d em on strated  in  sev eral lon g -ter


 otariid  m atern al strateg ies (G en try , 1970; G en try  an d  H olt, 1986; T rillm ich , 1


 an d  H in d ell, 1999; G eorg es et al., 2001; A rn ould  an d  H in d ell, 2002) th at forag in
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 an d  m ilk  con ten t ch an g e th rou g h ou t th e lactation  p eriod . O u r s


 com p lete attem p t to d ocu m en t th e m atern al strateg y  of th e C ap


 d raw n  from  th ese d ata m u st b e con sid ered  in  th e con tex t of e


 a com p lete p icture of th e en tire lactation  p eriod .


 A s a sp ecies fou n d  in  tem p erate latitu d es, th e C ap e fu r seal d oes n ot clearly

 th e trop ical or su b -p olar m atern al strateg ies. In stead , th e C ap e fu r seal falls b


 tw o ex trem es, ex h ib itin g  asp ects of b oth  strateg ies an d  n u m b er of u n iqu e ch


 L actatin g  fem ales d em on strated  a h ig h  lev el of flex ib ility  in  atten d an ce p attern s


 sea fallin g  in  b etw een  th e len g th s com m on ly  ob serv ed  in  trop ical an d  su b -

 (G en try  et al., 1986). T rip s to sea w ere sig n ifican tly  sh orter th an  h as b een  d ocu m 


 oth er tem p erate latitu d e otraiid  sp ecies (Fran cis et al., 1998; G eorg es an d  G 


 A rn ou ld  an d  H in d ell, 2001). W ean in g  d oes n ot u sually  occu r w ith in  th is sp e


 p u p  is ap p rox im ately  10 m o old  (R an d , 1967; D av id  an d  R an d , 1986), alth ou g


 rarely  d elay ed  b ey on d  th e b irth  of a n ew  p u p  (R an d , 1947).


 M ilk  lip id  con ten t is on ly  72%  of th at p red icted  b y  T rillm ich  an d  L ech n er (


 lin e w ith  trop ical sp ecies (P ou lter et al., 1965; T rillm ich  an d  L ech n er, 1986). D


 rate, on  th e oth er h an d , is sim ilar to su b -p olar sp ecies lik e th e A n tarctic an d

 seals (G old sw orth y , 1992; K ov acs an d  L av ig n e, 1992; L un n  et al., 1993). T h is is


 th e trem en d ou s am ou n t of en erg y  C ap e fu r seal p u p s in tak e on  a d aily  b asis (150


 d -) an d  th eir ab ility  to u se m ost of th at en erg y  for g row th  (62.84% ) r


 m ain ten an ce (37.16% ). T h e en v iron m en tal con d ition s off th e coasts of Sou th


 N am ib ia h av e resu lted  in  th e ev olu tion  of a m atern al strateg y  th at is flex ib le


 resp on d  to en v iron m en tal fluctu ation s w h ile m ain tain in g  a con sisten t an n u al


 O n g oin g  research  of th e C ap e fu r seal w ill con tin u e to im p rov e ou r u n d erstan d


 sp ecies' b eh av ior an d  b iolog y . T h is stu d y  h as rev ealed  sev eral in terestin g  d i


 b etw een  th is sp ecies an d  tem p erate latitu d e otariid s. T h e C ap e fu r seal


 con tin u es to in crease at a rate of 2.2%  p er y ear (A n on y m ou s, 1991) an d  is rap i


 a seriou s m an ag em en t con cern  of th e Sou th  A frican  g ov ern m en t. O n ly  an  u n d


 th e b iolog ical p aram eters in flu en cin g  th e C ap e fu r seal p op u lation  w ill allow 


 reg u lation  an d  m an ag em en t of th is sp ecies.


 A ck n ow led g m en ts.--F ield  assistan ce w as p rov id ed  b y  K . B ooley , S. B erry , D . D u  T oit, S. G 


 S. K arp el, D . K otze, D . R ey n old s an d  S. Sw an son . T h e M arin e an d  C oastal M an ag em en t b


 Sou th  A frican  D ep artm en t of En v iron m en tal A ffairs an d  T ou rism  p rov id ed  ad d ition al su p p


 th e en tire p roject. W e g ratefu lly  ack n ow led g e D r. N . G am el, D r. J . M . P ack ard , D r. G . T . R 


 W firsig  for th eir sug g estion s on  p roject d esig n  an d  early  d rafts of th e m an u scrip t. W e also


 B eers M in in g  C om p an y  for p rov id in g  access to th e K lein see colon y  an d  th eir su p p ort t


 p roject. F u n d s to h elp  d efray  costs of con d u ctin g  research  w ere p rov id ed  b y  T ex as A & M  U 


 T ex as A & M  U n iv ersity  at G alv eston , w h ich  are g ratefu lly  ack n ow led g ed . A ll cap tu res an


 m arin e m am m als w ere d on e u n d er N ation al M arin e F ish eries Serv ice P erm it # 1021, A m 


 an d  in  accord an ce w ith  an im al u se p rotocols for T ex as A & M  U n iv ersity .


 L IT E R A T U R E  C IT E D 


 A D A M S, T . C . 2001. In d ices of m atern al in v estm en t an d  d ietary  p referen ces in  ad u lt fem ale A lask an 


 Steller sea lion s (E u m etop ias ju b atu s). P h .D . T h esis, T ex as A & M  U n iv ersity , C olleg e Station ,


 T ex as.


 A N oN Y M ou s. 1991. R ep ort on  th e B en g u ela E colog y  P rog ram m e w ork sh op  on  seal fish ery  b iolog ical


 in teraction s. R ep ort of th e B en g u ela E col. P rog ram  S. A fr., 22:1-65.
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 A R N O U LD , J . P . Y . A N D  I. L . B O Y D . 1995. In ter- an d  in tra


 fu r seals (A rctocep h alu s g azella). P h y siol. Z ool., 68:11


 A N D  A . C L A R K E . 1995. A  sim  p lified  m  eth od


 com  p osition  of p in n ip ed  m  ilk  sam  p les. C an . J . Z oo


 -- , - A N D  J . R . SP E A K M  A N . 1996. M  easu rin g  th


 (A rctocep h alu s g azella): v alid ation  of h y d rog en  isoto


 A N D  M  . A . H IN D E L L . 1999. T h e com  p osition  of A u stra


 m  ilk  th rou g h ou t lactation . P h y siol. B ioch em  . Z ool., 7


 A N D  - . 2001. D iv e b eh av iou r, forag in g  locatio


 A u stralian  fu r seals (A rctocep h alu s p u sillu s d oriferu


 A N D  - . 2002. M  ilk  con su m  p tion , b od y  com  p o


 A u stralian  fu r seal (A rctocep h alu s p u sillu s d oriferu s


 B E A U P L E T , G ., C . G U IN E T  A N D  J . P . Y . A R N O U L D . 2003.

 en erg y  ex p en d itu re d u rin g  ex ten d ed  fastin g  in  su b a


 p u p s at A m  sterd am   Islan d . P h y siol. B ioch em  . Z ool., 7


 B O Y D , I. L . 1998. T im  e an d  en erg y  con strain ts in  p in n


 --. 1999. F orag in g  an d  p rov ision in g  in  A n tarctic fu


 b u d g ets. B eh av . E col., 10:198-208.


 , C . L O C K Y E R  A N D  H . D . M  A R SH . 1999. R ep rod u ctio


 R ey n old s an d  S. A . R om  m  el (ed s.). B iolog y  of m  arin


 W  ash in g ton , D C .


 , N .J . L U N N  A N D  T . B A R T O N . 1991. T im  e b u d g ets an d


 fu r seals. J . A n im  . E col., 60:577-592.


 C H A P M  A N , P . A N D  L . V . SH A N N O N . 1987. Season ality  in  th e


 B en g u ela sy stem  . S. A fr. J . M  ar. Sci., 5:85-94.


 C O ST A , D . P  1987. Isotop ic m  eth od s for qu an tify in g  m  at


 m  am  m  als, p . 43-66. In : A . C . H u n tley , D . P . C osta,

 A p p roach es to m  arin e m  am  m  al en erg etics. A llen  P


 1988. M  eth od s for stu d y in g  th e en erg etics of free


 - A N D  R . L . G E N T R Y . 1986. F ree-ran g in g  en erg etics of


 an d  G . L . K ooy m  an  (ed s.). F u r seals: m  atern al

 U n iv ersity  P ress, P rin ceton , N ew   J ersey .


 -- , B . J . L E  B O E U F , C . I. O R T IZ  A N D  C . A . H U N T L E Y .


 elep h an t seal, M  irou n g a an g u stirostris. J . Z ool., 209:


 - A N D  F . T R IL L M  IC H . 1988. M  ass ch an g es an d  m  etab


 b etw  een  A n tarctic (A rctocep h alu s g azella) an d  G alap a


 P h y siol. Z ool., 61:160-169.


 - A N D  T . M  . W  IL L IA M  S. 1999. M  arin e m  am  m  al en er


 R om  m  el (ed s.). B iolog y  of m  arin e m  am  m  als. Sm  ith


 D A V ID , J . H . M  . 1987. Statu s, b iolog y  an d  E colog y  of f


 S A N D  R . W  . R A N D . 1986. A tten d an ce b eh av ior of

 G en try  an d  G . L . K ooy m  an  (ed s.). F u r seals: m  ater


 U n iv ersity  P ress, P rin ceton , N ew  J ersey .


 D O ID G E , D . W  .,J . P . C R O X A L L  A N D  C . R IC K E T T S. 1984. G row 


 p u p s at Sou th  G eorg ia. J . Z ool. L on d ., 203:87-93.


 --, T . S. M  cC A N N  A N D  J . P . C R O X A L L . 1986. A tten d an ce


 R . L . G en try  an d  G . L . K ooy m  an  (ed s.). F u r seals


 P rin ceton  U n iv ersity  P ress, P rin ceton , N ew  J ersey .


 E ST R A D A , M  . A N D  C . M  A R R A St. 1987. P h y top lan k ton  b i


 S. A ft J . M  ar Sci., 5:347-356.


 F O L C H , J ., M  . L E E S A N D  G . H . SL O A N E -ST A N L Y . 1957. A

 total lip id  from   an im  al tissu es. J  B iol. C h em  ., 226:
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 F R A N C IS, J ., D . B O N ESS A N D  H . O C H O A -A C U 1IA . 1998. A  p rotracted  forag


 J u an  F ern in d ez fu r seals. M ar. M am m . Sci., 14:552-574.


 G E N T R Y , R . L . 1970. Social b eh av ior of th e Steller sea lion . P h .D .


 San ta C ru z.


 -- . 1981. Seaw ater d rin k in g  in  eared  seals. C om p . B ioch em . P h y siol., 68A :81-86.


 1998a. B eh av ior an d  ecolog y  of th e n orth ern  fu r seal. P rin ceton  U n iv ersity  P ress, P rin cet


 N ew  J ersey .


 -- . 1998b . F em ale atten d an ce b eh av ior, p . 219-231. In : R . L . G en try  (ed .). B eh av ior an d  ecolog y  of


 th e n orth ern  fur seal. P rin ceton  U n iv ersity  P ress, P rin ceton , N ew  J ersey .


 --- , D . P . C O ST A ,J . P . C R O X A L L ,J . H . M . D A V ID , R . W . D A V IS, G . L . K O O Y M A N , P . M A J L U F , T . S. M C C A N N  A N D 


 F . T R IL LM IC H . 1986. Sy n th esis an d  con clusion s, p . 220-264. In : R . L . G en try  an d  G . L . K ooy m an 


 (ed s.). F u r seals: m atern al strateg ies on  lan d  an d  at sea. P rin ceton  U n iv ersity  P ress, P rin ceton ,


 N ew  J ersey .


 S A N D  J . R . H O LT . 1986. A tten d an ce b eh av ior of n orth ern  fur seals, p . 61-78. In : R . L. G en try  an d 


 G . L. K ooy m an  (ed s.). Fur seals: m atern al strateg ies on  lan d  an d  at sea. P rin ceton  U n iv ersity 


 P ress, P rin ceton , N ew  J ersey .


 - A N D  G . L . K O O Y M A N  (ed s.). 1986. M atern al strateg ies on  lan d  an d  at sea. P rin ceton  U n iv ersity 


 P ress, P rin ceton , N ew  J ersey .


 G E O R G E S, J .-Y ., R . G R O SC O L A S, C . G U IN ET  A N D  J .-P . R oB IN . 2001. M ilk in g  strateg y  in  su b an tarctic fur seals


 A rctocep h alu s trop icalis b reed in g  on  A m sterd am  Islan d : ev id en ce from  ch an g es in  m ilk 


 com p osition . P h y siol. B ioch em . Z ool., 74:548-559.


 - A N D  C . G U IN E T . 2000. M atern al care in  th e sub an tarctic fu r seals on  A m sterd am  Islan d . E colog y ,


 81:295-308.


 - A N D  - . 2001. P ren atal in v estm en t in  th e su b an tarctic fu r seal, A rctocep h alu s trop icalis. C 


 J . Z ool., 79:601-609.


 G IT T L EM A N , J . L . A N D  S. D . T H O M P SO N . 1988. E n erg y  allocation  in  m am m alian  rep rod uction . A m . Z o


 28:863-875.


 G O LD SW O R T H Y , S. D . 1992. M atern al care in  th ree sp ecies of south ern  fu r seals (A rctpceph alus sp p.) Ph .D


 T h esis, M on ash  U n iversity , M elb ourn e, A ustralia.


 G U IN ET , C ., M .-A . LEA  A N D  S. D . G O LD SW O R T H Y . 2000. M ass ch an ge in  A n tarctic fur seal (A rctoceph alu


 g azella) pup s in  relation  to m atern al ch aracteristics at th e K erg uelen  Islan d s. C an . J . Zool.,


 78:476-483.


 H A C H  C O M P A N Y . 1990. P roced ures m an ual: sy stem s for food , feed  an d  b ev erag e an aly sis. Lov elan d


 C on n ecticu t.


 IV E R SO N , S. J . 1988. C om p osition , in tak e an d  g astric d ig estion  of  m ilk  lip id s in  p in n ip ed s. P h .D . T h 


 U n iv ersity  of  M ary lan d , C olleg e P ark , M ary lan d .


 K O V A C s, K . M . A N D  D . M . L A V IG N E . 1992. M atern al in v estm en t in  otariid  seals an d  w alru ses. C an . J . Z


 70:1953-1964.


 -- , - A N D  S. IN N E S. 1991. M ass tran sfer efficien cy  b etw een  h arp  seal (P h oca g roen lan d


 m oth ers an d  th eir p u p s d u rin g  lactation . J . Z ool. L on d ., 223:213-221.


 - A N D  - . 1992. M atern al in v estm en t in  otariid  seals an d  w alru ses. C an . J . Z ool., 70:1953-196


 L E A , M .-A ., F . B O N A D O N N A , M . A . H IN D EL L, C . G U IN E T  A N D  S. D . G O LD SW O R T H Y . 2002. D rin k in g  b eh av iou


 an d  w ater turn ov er rates of A n tarctic fu r seal p u p s: im p lication s for th e estim ation  of m i


 in tak e b y  isotop ic d ilution . C om p . B ioch em . P h y siol. A , 132:321-331.


 L U N N , N .J ., I. L . B O Y D , T . B A R T O N  A N D  J . P . C R O X A LL. 1993. F actors affectin g  th e g row th  rate an d  w ean i


 m ass of A n tarctic fu r seal p u p s at B ird  Islan d , Sou th  G eorg ia. J . M am m al., 74:908-919.


 L Y D ER SE N , C . A N D  K . M . K ov A cs. 1996. E n erg etics of lactation  in  h arp  seals (P h oca g roen lan d ica) from  t


 G u lf of St. L aw ren ce, C an ad a. J . C om p . P h y siol. B , 166:295-304.


 M A J L U F , P . 1991. E l N ifio effects on  p in n ip ed s in  P eru , p . 55-65. In : F .. T rillm ich  an d  K . A . O n o (ed


 P in n ip ed s an d  El N ifio: resp on ses to en v iron m en tal stress. Sp rin g er-V erlag , N ew  Y ork , N e


 Y ork .


 M E T A B O LIC  SO L U T IO N S, IN C . 1999. M easurem en t of b od y  com p osition  u sin g  d eu teriu m  ox id e. T ech  P ap


 913, N ash u a, N ew  H am p sh ire.
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 N A G Y , K . A . A N D  D . P . C O ST A . 1980. W  ater flu x  in  an im  als:


 m  eth od . A m  . J . P h y siol., 238:R 454-R 465.


 O C H O A -A C U rA , H ., J . M  . F R A N C IS A N D  O . T . O F T E D A L .


 com  p osition  of m  ilk  in  th e J u an  F ern an d ez fu r seal,

 O F T E D A L , O . T . 1984. M  ilk  com  p osition , m  ilk  y ield  an d


 rev iew  . Sy m  p . Z ool. Soc. L on d ., 51:33-85.


 , D . J . B O N E SS A N D  W  . D . B O W  E N . 1988. T h e com  p osi


 an  ad ap tation  for p ostn atal fatten in g . C an . J  Z ool


 -- , A N D  R . A . T E D M  A N . 1987. T h e b eh av iou r, p h


 p in n ip ed ia. C u rr M  am  m  al., 1:175-245.


 A N D  J . L . G IT T L E M  A N . 1989. P attern s of en erg y  ou tp


 378. In :J . L . G ittlem  an  (ed .). C arn iv ore b eh av iou r,


 P ress. N ew  Y ork .


 A N D  S. J . IV ER SO N . 1987. H y d rog en  isotop e m eth od olog y  for m easu rem en t of m ilk  in tak e an d


 en erg etics of g row th  in  suck lin g  y ou n g , p . 67-96. In : A . C . H u n tly , D . P . C osta, A . J . W orth y  an d


 M . A . C astellin i (ed s.). A p p roach es to m arin e m am m al em erg etics. Society  for M arin e


 M am m alog y , L aw ren ce.


 P E T ER SO N , R . S. A N D  G . A . B A R T H O L O M E W . 1967. T h e n atural h istory  an d  b eh av ior of th e C aliforn ia se


 lion . A m . Soc. M am m al. Sp . P u b l., 1:1-79.


 P O U L T E R , T . C ., T . C . P IN N E Y , R . J EN N IN G S A N D  R . C . H U B B A R D . 1965. T h e rearin g  of Steller seal lion ,


 E u m etop ias ju b ata. J . of A u d itory  R esearch , 6:165-173.


 R A N D , R . W . 1947. A tten d an ce at th e colon y . U n ion  of Sou th  A frica, D ep artm en t of A g ricu ltu re


 G ov ern m en t G u an o Islan d s A d m in istration , p rog ress rep ort n o 2:1-19.


 1949. T h e C ap e fu r seal. 2. A tten d an ce at th e colon y . U n p ub lish ed  p rog ress rep ort,


 G ov ern m en t G uan o Islan d s A d m in istration , D ep artm en t of A g ricu lture, U n ion  of Sou th  A frica.


 1950. B ran d in g  in  field -w ork  on  seals. J  W ild l. M an ag e., 14:128-132.


 1955. R ep rod u ction  in  th e fem ale C ap e fu r seal, A rctocep h alu s p u sillu s. P roc. Z ool. Soc. L on d .,


 124:717-740.


 - . 1967. T h e C ap e fu r seal (A rctocep h alu s p u sillus). 3. G en eral b eh av ior on  lan d  an d  at sea. R ep ub lic


 of South  A frica, D ep t of C om m erce an d  In d u stries, D iv ision  of Sea F ish eries, In v estig ation ,


 R ep  N o 60.


 R E E V E S, R . R ., B . S. ST E W A R T  A N D  S. L E A T H ER W O O D . 1992. T h e Sierra C lu b  h an d b ook  of seals an d  siren ian s.


 Sierra C lu b  B ook s, San  F ran cisco, C aliforn ia.


 R IED M A N , M . L . 1990. T h e p in n ip ed s: seals, sea lion s an d  w alruses. U n iv ersity  of C aliforn ia P ress,


 B erk eley , C aliforn ia.


 - A N D  C . L . O R T IZ . 1979. C h an g es in  m ilk  com p osition  d u rin g  lactation  in  th e n orth ern  elep h an t


 seal. P h y siol. Z ool., 52:240-249.


 SC H M ID T -N IE L SE N , K . 1990. A n im al p h y siolog y : ad ap tation  an d  en v iron m en t, 4th  ed . C am b rid g e


 U n iv ersity  P ress, C am b rid g e.


 SH A N N O N , L. V . 1989. T h e p h y sical en v iron m en t, p . 12-27. In : A . I. L. P ay n e an d  R . J . M . C raw ford  (ed s.).


 O cean s of life. V laeb erg  P u b lish ers, J oh an n esb u rg , South  A frica.


 T R IL LM IC H , F . 1986a. A tten dan ce b eh avior of G alap ag os sea lion s, p . 196-208. In : R . L . G en try  an d  G . L .


 K ooy m an  (ed s.). F u r seals: m atern al strateg ies on  lan d  an d  at sea. P rin ceton  U n iv ersity  P ress,


 P rin ceton , N ew  J ersey .


 1986b . A tten d an ce b eh av ior of G alap ag os fu r seals, p . 168-185. In : R . L . G en try  an d  G . L .


 K ooy m an  (ed s.). F u r seals: m atern al strateg ies on  lan d  an d  at sea. P rin ceton  U n iv ersity  P ress,


 P rin ceton , N ew  J ersey .


 1996. P aren tal in v estm en t in  p in n ip ed s. A d v . Stu d y  B eh av ., 25:533-577.


 A N D  T . D EL L IN G ER . 1991. T h e effects of El N ifio on  G alap ag os p in n ip ed s, p . 66-74. In : E  T rillm ich 


 an d  K . A . O n o (ed s.). P in n ip ed s an d  E l N ifio: resp on ses to en v iron m en tal stress. Sp rin g er-

 V erlag , N ew  Y ork , N ew  Y ork .


 G , . L . K O O Y M A N , P . M A J L U F  A N D  M . SA N C H E Z -G R IN A N . 1986. A tten d an ce an d  d iv in g  b eh av ior of


 Sou th  A m erican  fu r seals d u rin g  E l N iflo in  1983, p . 153-167. In : R . L . G en try  an d  G . L .
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 K ooy m an  (ed s.). F u r seals: m atern al strateg ies on  lan d  an d  at sea. P


 P rin ceton , N ew  J ersey .


 - A N D  E . L E C H N E R . 1986. M ilk  of th e G alap ag os fu r seal an d  sea lion , w 


 of eared  seals (O tariid ae). J . Z ool. L on d ., 209:271-277.


 V A z-F ER R E IR A , R . A N D  A . P O N C E  D E  L E O N . 1987. Sou th  A m erican  fu r seal, A rc


 In :J . T . L . C rox all an d  G en try  (ed s.). Statu s, b iolog y  an d  ecolog y  of f


 In tern ation al Sy m p osium  an d  W ork sh op , C am b rid g e, E n g lan d


 R ep ort N M F S, 51:29-32.


 W A R E , D . M . 1992. P rod u ction  ch aracteristics of u p w ellin g  sy stem s an d  th


 S. A fr. J . M ar. Sci., 12:501-513.


 Z A R , J . H . 1984. B iostatistical an aly sis. P ren tice H all, E n g lew ood  C liffs, N 


 SU B M IT T ED  22 D E C E M B E R  2003 A C C E P T E D  22 J U N E  2004


This content downloaded from 161.55.198.60 on Wed, 28 Dec 2016 18:02:39 UTC

All use subject to http://about.jstor.org/terms


AR033953

http://about.jstor.org/terms

	Contents
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170


