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 Steelh ead  M ig ration : P oten tial T em p eratu re E ffects 

 In d icated  b y  G ill A d en osin e T rip h osp h atase A ctiv  

 A b stract. Y earlin g  steelh ead  trou t h eld  in  fresh  w ater at cold  ti

 or 10?C ) sh ow ed  an  in crease in  g ill m icrosom al N a+, K +-stin  

 trip h osp h atase activ ity  d u rin g  p arr-sm olt tran sform ation , w h ern

 w arm  w ater  (15? or  20?C ) d id  n ot. A d en osin e trip h osp h atase 

 an d  oth er  in d ication s of  tran sf orm ation  w ere ob serv ed  in  f ish

 w arm  to cold  w ater, w h ereas th e rev erse occu rred  on  tran sf er  f r

 w ater. 

 P ollu tion  from  th e d isch arg e of w aste

 h eat in to riv er sy stem s is a p articular

 con cern  in  th e con servation  of an a- 

 drom ous fish es. Prop osed  n uclear p ow er

 p lan ts for electric pow er g en eration

 are th e largest poten tial source of w aste

 h eat alon g  th e C olum bia R iver an d  its

 m ain  trib u taries. If w ater from  th e 

 riv ers w ere u sed  in  straig h t-th rou g h

 coolin g  sy stem s for th e reactors, sig n ifi-

 can t in creases in  riv er tem p eratu res 

 w ou ld  occu r. In  th is stu d y  w e sh ow  

 th at w ater tem p eratu res h ig h er th an

 12?C  m ay  alter th e m ig ratory  b eh av ior

 an d  p h y siolog ical con d ition  of steel-

 h ead  trout (Salm o g aird n eri). 

 Steelh ead  p rop ag ate n atu rally  in  m an y

 trib u taries of th e C olu m b ia R iv er an d 

 are reared  in  state an d  fed eral h atch - 

 eries. J u st p rior to seaw ard  m ig ration ,

 y ou n g  fish  k n ow n  as p arr u n d erg o

 ad ap tiv e b ioch em ical an d  p h y siolog ical

 ch an g es an d  b ecom e m ig ratory  sm olts

 (1, 2). O n e bioch em ical ch an ge of 

 special in terest in  th is study  is th e 

 elevation  in  th e N a+, K +-stim ulated 

 aden osin e triph osph atase activity  of 

 gill m icrosom es w h ich  accom pan ies th e 

 tran sform ation  from  parr to sm olt an d 

 h as been  observed in  tw o species of 

 salm on  as w ell as in  steelh ead  (3, 4). 

 Size appears to be a m ajor deter- 

 m in an t in  th e parr-sm olt tran sform a- 

 tion  of steelh ead. Y earlin g  parr th at 

 fail to reach  th e n ecessary  size by  

 th e m igratory  season -M arch  to J un e 

 (peak  m ovem en t occurs in  A pril an d 

 M ay )-rem ain  in  fresh  w ater un til th e 

 follow in g  sprin g  (5). O n  th e oth er 

 h an d , sm olts ready  to m ig rate seaw ard, 

 but h eld  in  fresh  w ater, revert to "parr"


 g en erally  by  th e first of J uly  an d  lose


 th eir ab ility  to ad apt to salt w ater (6). 

 R eversion  is accom pan ied  b y  a decrease 

 in  th e previously  elev ated  aden osin e

 triph osph atase activity . 

 Six  h un dred  y earlin g  steelh ead  trout 

 (average w eig h t, 30 g) w ere divided 

 in to four g roup s of 150 fish  each , an d 

 th ese g roups w ere h eld  at con stan t tem -

 p eratures of 6.5?, 10?, 15?, an d  20?C 


 (440, 500, 590, an d  68?F), resp ec- 

 tiv ely . Fish  w ere fed  a com m ercially

 p rep ared  d iet tw ice

 A p ril w h en  feed in g

 th ree tim es d aily , 6 d a! 

 sin e trip h osp h atase a

 term in ed  in  d u p licat(

 p rep aration s from  g il

 d iv id ual fish  (3). 1

 stim u lated  ad en osin 4

 h ad  reach ed  p eak  ac

 an d  10?C  g rou p s, w h

 p arr-sm olt tran sform at

 all g roup s w ere fu rth e

 fish  h eld  at each  of 

 tem p eratures w ere th

 oth er tem p eratu re re, 

 T h e N a+, K +-stin

 triph osph atase activi

 h eld  at 6.5?C  in crea

 sm olt tran sform ation

 M arch  an d  reach in g

 th e latter p art of M a3

 tiv ity  fell rap id ly  in  1

 J u n e to a p resm olt lev

 rev ersion  to th e n c

 .t t 0  

 F ig . 1. G ill m icrosom al

 ad en osin e trip h osp h atas(

 lin g  steelh ead  trout as

 tim e of y ear an d  tem p e]

 lin e) fish  h eld  at 6.5?

 fish  tran sferred  from  6.

 on  20 M ay ; (B ) (solid 

 15?C ; (d ash ed  lin e) fist

 15? to 10?C  w ater on  1

 fer to d ifferen t tem p era

 b y  arrow s. B eg in n in g  

 p oin t rep resen ts an  av er

 tain ed  from  th ree sep a


 w ere u sed  on  11 Feb ru


 each  for th e n ext th re

 15 M arch  (A  an d  B )]. 

 as stag e. T h e tim e d urin g  w h ich  N a+, K +-

 stim ulated  ad en osin e trip h osp h atase ac-

 rities tiv ity  rem ain ed  elev ated  coin cid es w ith


 ob serv ed  seaw ard  m ig ration  of juv en ile


 em p eratu res (6.5? steelh ead . A d en osin e trip h osp h atase ac-

 n u lated  ad en osin e tiv ity  d rop p ed  sh arp ly  in  fish  tran s-

 eas trou t h eld  in  ferred  on  20 M ay  from  6.5? to 15?C 


 activ ity  in creased  w ater (F ig . 1A ).


 tran sferred  from  N o in crease in  ad en osin e trip h osp h a-

 *om  cold  to w arm  tase activ ity  w as ob serv ed  in  fish  h eld


 at 15?C  (F ig . 1B ) u n til th ey  w ere


 tran sferred  to cooler w ater (10?C ).


 d aily  u n til m id - A ctiv ity  rose stead ily  after tran sfer on 


 w as in creased  to 19 M ay  u n til th e latter p art of J un e


 y s a w eek . A d en o- w h en  it d rop p ed  sh arp ly  as fish  re-

 ctiv ities w ere d e- v erted .


 e on  m icrosom al A lth ou g h  w e d o n ot p resen t com p lete


 1 filam en ts of in - d ata for fish  at all tem p eratu res, sim ilar


 'fter N a+, K +- p attern s of activ ity  w ere fou n d  in  all


 e triph osph atase situation s w h en  tran sfers w ere m ad e


 tiv ity  in  th e 6.5? b etw een  w arm er (15? an d  20?C ) an d


 ich  in d icated  th at cooler (6.5? an d  10?C ) w ater. C oef fi-

 tion  h ad  occu rred , cien ts of  con d ition  [th e ratio of  th e


 er  d iv id ed  so th at w eig h t to len g th  (2)] ch an g ed  con cu r-

 th e f ou r orig in al ren tly  w ith  ch an g es in  ad en osin e tri-

 en  p laced  in  th e p h osp h atase activ ity ; th ey  d ecreased


 g im en s. w h en  ad en osin e trip h osp h atase activ ity 


 lulated aden osin e rose an d in creased  w h en  aden osin e tri-

 ty  in  steelh ead ph osph atase activity  fell.


 J sed  durin g  parr- A s a prelim in ary  test of adaptability 


 i, begin n in g  in  to salt w ater, four fish  w ere rem oved


 peak  activity  in  from  each  group on  7 M ay  an d placed


 y  (Fig. 1A ). A c- abruptly  in  artificial seaw ater [In stan t


 th e latter part of O cean  Salts (3, 7), 30 parts per th ous-

 el, th us in dicatin g  an d, 12.5?C ]. A t th e tim e of tran sfer to


 )n m igratory  parr salt w ater, fish  at 6.5? an d 10?C  h ad


 elevated N a+, K +-stim ulated aden osin e


 triph osph atase activities w h ereas th ose


 ,* ? at 15? an d  20?C  h ad  low  activ ities (see


 .',Y  \ ;Fig . 1). A ll four fish  from  th e 20?C 


 ',' \ ~ g roup  an d  th ree from  th e 15?C  g roup


 \ ^ \ _ ' 0d ied  w ith in  3 d ay s. N o m ortalities oc-

 0 .s, cu rred  in  th e g rou p s at 6.5? an d  10?C .


 -t-- A b ru p t tran sfer in to fresh  w ater in v olv -

 in g  sim ilar tem p erature ch an g es cau sed


 ,\  n o m ortality . In  O ctob er w h en  ad en o-

 /  \  sin e trip h osp h atase activ ities w ere low ,


 - s-.o 24 steelh ead  w ere tested  for saltw ater


 * "su rv iv al w ith  100 p ercen t m ortality  oc-

 cu rrin g  in  less th an  5 d ay s.


 .L _ _  .L  .L . W e con clu d e th at elev ation  of th e


 M ay  J u n e J u ly  N a+, K +-stim u lated  ad en osin e trip h


 N a+, K +-stim u lated  p h atase activ ity  in  g ill m icrosom e


 e activ ity  of y ear-

 a fu n ction  of th e closely  associated  w ith  p arr-sm olt m et


 ratu re: (A ) (solid  m orp h osis an d , th erefore, m ay  b e u


 'C ; (d ash ed  lin e) as an  in d ex  of m ig ration  p rep ared n e


 5? to 15?C  w ater T h e ob serv ed  d ecrease in  th is activ


 lin e) fish  h eld  at an d  th e ch an g e in  th e coefficien t

 h  tran sferred  from 


 9 M ay  T h e tran s- con d ition , eith er b ecau se of ex p osu re


 atu res is in d icated  to w arm  w ater or b ecau se of n orm al


 29 M arch , each  reversion  in  late J un e, reflects a loss of


 rage of values ob- sm olt ch aracteristics an d  saltw ater


 rate fish  [six  fish  adaptability . T h us, th e absen ce of ele-

 e p oin ts th rough  v ated  aden osin e triph osph atase activity 


 in  fish  h eld  in  15?C  w ater suggests th at
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 th ey  w ou ld  n ot m ig rate seaw ard . Su ch 


 a con clu sion  h as receiv ed  su p p ort from 


 th e resu lts of v ery  recen t ex p erim en ts


 con d u cted  in  coop eration  w ith  D r.


 H arry  W ag n er of th e O reg on  State


 G am e C om m ission . In  th ese ex p eri-

 m en ts th e tim in g  of p arr-sm olt tran s-

 form ation  w as reg u lated  b y  v ary in g


 p h otop eriod  reg im en s an d  th e m ig ra-

 tory  b eh av ior of fish  released  in to a


 fresh w ater stream  w as tested . W e fou n d


 th at fish  m ig rated  d ow n stream  on ly 


 d u rin g  p eriod s of elev ated  ad en osin e


 trip osp h atase activ ity  an d  ceased  to


 m ig rate as soon  as th e activ ity  fell, ev en 


 if th e d ecrease occu rred  d u rin g  w h at is


 con sid ered  th e n orm al m ig ratory  sea-

 T h e F ed eral W ater P ollu tion  C on trol


 A d m in istration  h as su g g ested  a p rov i-

 sion al m ax im u m  tem p eratu re of 68?F


 (20?C ) as com p atib le w ith  th e m ig ra-

 tion  of salm on id s (8). T h e rep ort rec-

 om m en d ed  th at "d u rin g  an y  m on th  of


 th e y ear, h eat sh ou ld  n ot b e ad d ed  to


 a stream  in  excess of th e am oun t th at


 w ill raise th e tem perature of th e w ater


 b y  m ore th an  5?F  (based  on  th e m in i-

 m um  expected  flow  for th at m on th )"


 (8). W e p ropose th at a tem perature


 of 68?F is m uch  too h ig h  for m ig ratin g


 juven ile steelh ead, alth ough  adults m i-

 g rate upstream  in  w aters of th is tem -

 p erature. W ith  respect to usin g  th e


 recom m en d ed  5?F  elev ation  lim it, w e


 u rg e cau tion . T h e tem p eratu re of th e


 C olu m b ia R iv er at B on n ev ille D am , for


 ex am p le, reach ed  54?F  on  7 M ay  1971


 (9). A n  in crease of 5?F  w ou ld  h av e


 resulted  in  a riv er tem p eratu re of 59?F


 (15?C ). Steelh ead  sm olts en terin g  w a-

 ters of th is tem perature from  upstream 


 m ay  experien ce a reduction  in  aden osin e


 triph ospn h atase activity  an d  revert to th e


 n on m igratory  parr stage.


 O n  th e basis of th e experim en ts re-

 p orted  h erein  w e sh ow  on ly  th at th e


 p arr-sm olt tran sform ation  m ay  n ot oc-

 cur or p ersist at som e tem perature be-

 tw een  10? an d  15?C . W e h av e con -

 d u cted  oth er ex p erim en ts, h ow ev er,


 w h ich  in d icate th e lim itin g  tem p eratu re


 to b e n ear 13?C . P en d in g  fu rth er in -

 v estig ation , w e su g g est 12?C  (ab ou t


 54?F ) as an  u p p er lim it for w aters


 u sed  b y  m ig ratin g  ju v en ile steelh ead .


 Steelh ead  are n ow  b ein g  reared  in


 state an d  fed eral h atch eries in  w arm er


 w aters (u p  to 15?C ) in  an  effort to


 p rod u ce larg er fish  for in creased  su r-

 th ey  w ou ld  n ot m ig rate seaw ard . Su ch 


 a con clu sion  h as receiv ed  su p p ort from 


 th e resu lts of v ery  recen t ex p erim en ts


 con d u cted  in  coop eration  w ith  D r.


 H arry  W ag n er of th e O reg on  State


 G am e C om m ission . In  th ese ex p eri-

 m en ts th e tim in g  of p arr-sm olt tran s-

 form ation  w as reg u lated  b y  v ary in g


 p h otop eriod  reg im en s an d  th e m ig ra-

 tory  b eh av ior of fish  released  in to a


 fresh w ater stream  w as tested . W e fou n d


 th at fish  m ig rated  d ow n stream  on ly 


 d u rin g  p eriod s of elev ated  ad en osin e


 trip osp h atase activ ity  an d  ceased  to


 m ig rate as soon  as th e activ ity  fell, ev en 


 if th e d ecrease occu rred  d u rin g  w h at is


 con sid ered  th e n orm al m ig ratory  sea-

 T h e F ed eral W ater P ollu tion  C on trol


 A d m in istration  h as su g g ested  a p rov i-

 sion al m ax im u m  tem p eratu re of 68?F


 (20?C ) as com p atib le w ith  th e m ig ra-

 tion  of salm on id s (8). T h e rep ort rec-

 om m en d ed  th at "d u rin g  an y  m on th  of


 th e y ear, h eat sh ou ld  n ot b e ad d ed  to


 a stream  in  excess of th e am oun t th at


 w ill raise th e tem perature of th e w ater


 b y  m ore th an  5?F  (based  on  th e m in i-

 m um  expected  flow  for th at m on th )"


 (8). W e p ropose th at a tem perature


 of 68?F is m uch  too h ig h  for m ig ratin g


 juven ile steelh ead, alth ough  adults m i-

 g rate upstream  in  w aters of th is tem -

 p erature. W ith  respect to usin g  th e


 recom m en d ed  5?F  elev ation  lim it, w e


 u rg e cau tion . T h e tem p eratu re of th e


 C olu m b ia R iv er at B on n ev ille D am , for


 ex am p le, reach ed  54?F  on  7 M ay  1971


 (9). A n  in crease of 5?F  w ou ld  h av e


 resulted  in  a riv er tem p eratu re of 59?F


 (15?C ). Steelh ead  sm olts en terin g  w a-

 ters of th is tem perature from  upstream 


 m ay  experien ce a reduction  in  aden osin e


 triph ospn h atase activity  an d  revert to th e


 n on m igratory  parr stage.


 O n  th e basis of th e experim en ts re-

 p orted  h erein  w e sh ow  on ly  th at th e


 p arr-sm olt tran sform ation  m ay  n ot oc-

 cur or p ersist at som e tem perature be-

 tw een  10? an d  15?C . W e h av e con -

 d u cted  oth er ex p erim en ts, h ow ev er,


 w h ich  in d icate th e lim itin g  tem p eratu re


 to b e n ear 13?C . P en d in g  fu rth er in -

 v estig ation , w e su g g est 12?C  (ab ou t


 54?F ) as an  u p p er lim it for w aters


 u sed  b y  m ig ratin g  ju v en ile steelh ead .


 Steelh ead  are n ow  b ein g  reared  in


 state an d  fed eral h atch eries in  w arm er


 w aters (u p  to 15?C ) in  an  effort to


p rod u ce larg er fish  for in creased  su r-

 v iv al d u rin g  seaw ard  m ig ration . O n  th e


 b asis of th e resu lts of th ese stu d ies, w e


 su g g est th at steelh ead  reared  u n d er


 th ese con d ition s w ill n eed  to b e ex p osed

 v iv al d u rin g  seaw ard  m ig ration . O n  th e


 b asis of th e resu lts of th ese stu d ies, w e


 su g g est th at steelh ead  reared  u n d er


th ese con d ition s w ill n eed  to b e ex p osed

 to cooler en v iron m en tal tem p eratu res


 (6? to 10?C ) for a p eriod  of 1 to 2


 m on th s p rior to m ig ration  in  ord er to


 allow  p arr-sm olt tran sform ation .


 W e recog n ize th at lab oratory  tests


 such  as th ose rep orted  h ere are n ot


 id en tical to situ ation s en cou n tered  in 


 th e n atu ral en v iron m en t. H ow ev er, w e


 b eliev e th at th ey  can  serv e as g ood


 in d ices f or estab lish in g  u p p er lim its


 f or  tem p eratu res of  w aters u sed  b y 


 steelh ead  f or  seaw ard  m ig ration .


 W . S. Z A U G G 


 B . L . A D A M S


 L  . R . M C LA IN 


 W estern  F ish  N u trition  L ab oratory ,


 B u reau  of Sp ort F ish eries an d


 W ild life, C ook , W ash in g ton  98605

 to cooler en v iron m en tal tem p eratu res


 (6? to 10?C ) for a p eriod  of 1 to 2


 m on th s p rior to m ig ration  in  ord er to


 allow  p arr-sm olt tran sform ation .


 W e recog n ize th at lab oratory  tests


 su ch  as th ose rep orted  h ere are n ot


 id en tical to situ ation s en cou n tered  in 


 th e n atu ral en v iron m en t. H ow ev er, w e


 b eliev e th at th ey  can  serv e as g ood


 in d ices for estab lish in g  u p p er lim its


 for tem p eratu res of w aters u sed  b y 


 steelh ead  for seaw ard  m ig ration .


 W . S. Z A U G G 


 B . L . A D A M S


 L  . R . M C L A IN 


 W estern  F ish  N u trition  L ab oratory ,


 B u reau  of Sp ort F ish eries an d


W ild life, C ook , W ash in g ton  98605


 It h as b een  d em on strated  th at th e


 sk eletal p arts of m an y  an im als con tain 


 a record  of th eir g row th  p attern . D aily 


 in crem en ts h av e b een  rep orted  from  th e


 ep ith eca of corals (1), m ollu sk  sh ells


 (2, 3), an d  fish  otolith s (4). P an n ella an d


 M acC lin tock  (3) ex am in ed  m ore th an 


 40 sp ecies of recen t an d  fossil b iv alv e


 sh ells an d  con d u cted  d etailed  ex p eri-

 m en ts on  M ercen aria m ercen aria. T h ey 


 con clu d ed  th at all th e form s th ey  look ed


 at ex h ib ited  d aily  in crem en ts. It is th e


 p u rp ose of th is rep ort n ot to qu estion 


 th e fin d in g s of th ese w ork ers b u t to


 sou n d  a n ote of cau tion  b y  p oin tin g  ou t

 It h as b een  d em on strated  th at th e


 sk eletal p arts of m an y  an im als con tain 


 a record  of th eir g row th  p attern . D aily 


 in crem en ts h av e b een  rep orted  from  th e


 ep ith eca of corals (1), m ollu sk  sh ells


 (2, 3), an d  fish  otolith s (4). P an n ella an d


 M acC lin tock  (3) ex am in ed  m ore th an 


 40 sp ecies of recen t an d  fossil b iv alv e


 sh ells an d  con d u cted  d etailed  ex p eri-

 m en ts on  M ercen aria m ercen aria. T h ey 


 con clu d ed  th at all th e form s th ey  look ed


 at ex h ib ited  d aily  in crem en ts. It is th e


 p u rp ose of th is rep ort n ot to qu estion 


 th e fin d in g s of th ese w ork ers b u t to


soun d  a n ote of cau tion  b y  p oin tin g  ou t
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 In  b iv alv es tw o ty p es of d aily  in cre-
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 F ig . 1. (A ) T h e flu ctu atin g  lin e sh o


 16 J u ly  at E m  p ire, O reg on . T h e e


 20 J u n e (+2.3 to -0.7 m  ). T h e stra


 C lin ocard iu m   n u ttalli is th ou g h t to


 each  d ay . (B ) P red icted  tim  e an d  e


 sen t th e tw  o altern atin g  sets of l


 each  oth er. (C ) A  p ortion  of th e sh


 is p laced  ab ov e th e p art of th e sh e


 tim  e scale is d istorted  b ecau se of
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 F ig . 1. (A ) T h e flu ctuatin g  lin e sh ow s th e p red icted  tid al m ov em en ts from  13 J u n e t


 16 J u ly  at E m p ire, O reg on . T h e ex trem es for th e p eriod  w ere ex p erien ced  on  19 an 


 20 J u n e (+2.3 to -0.7 m ). T h e straig h t lin e p asses th rou g h  th e +0.6-m  lev el at w h ic


 C lin ocard iu m  n u ttalli is th ou g h t to liv e. T h e d ates are located  at th e n oon  p osition  for


 each  d ay . (B ) P red icted  tim e an d  ex ten t of ex p osu re. T h e d otted  an d  solid  lin es rep re


 sen t th e tw o altern atin g  sets of low  tid es, w h ich  are h alf a p eriod  ou t of p h ase w it


 each  oth er. (C ) A  p ortion  of th e sh ell d ep osited  d u rin g  th is p eriod . E ach  equ iv alen t d at


 is p laced  ab ov e th e p art of th e sh ell th ou g h t to b e d ep osited  at n oon  of th at d ay . T h 


 tim e scale is d istorted  b ecau se of th e v ariab le rate of g row th  of th e sh ell.
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 T id al G row th  In crem en ts in  th e C ock le C lin ocard iu m  n u ttalli


 A b stract. Sets of g row th  lin es in  th e sh ell of C lin ocard iu m  n u ttalli are ex tin -

 g u ish ed  ev ery  13 or 14 in crem en ts on ly  to b e rep laced  b y  oth er sets, h alf an 


 in crem en t ou t of p h ase w ith  th e first. T h is can  b e ex p lain ed  on ly  b y  assu m in g


 th at th e lin es are d ep osited  d u rin g  p eriod s of ex p osu re at low  tid e. T h e av erag e


 d u ration  of an  in crem en t is 24 h ou rs an d  50 m in u tes.
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 in crem en t ou t of p h ase w ith  th e first. T h is can  b e ex p lain ed  on ly  b y  assu m in g


 th at th e lin es are d ep osited  d u rin g  p eriod s of ex p osu re at low  tid e. T h e av erag e


d u ration  of an  in crem en t is 24 h ou rs an d  50 m in u tes.


This content downloaded from 205.156.36.134 on Fri, 05 Apr 2019 19:45:27 UTC

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


https://about.jstor.org/terms

	Contents
	image 1
	image 2


