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f rom an Unexploited Alpine Lake

Abstract
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e re  ra re .  Lher  a r . I ) f ' sd , l . , l

a r r l  lo rger i t r  L r r r l  r  r rn . rp  o i t r r l

a l d s e l d e t e r t l n l e l l ' 0 t r r l i L h . u r ' l . r r s r r ] t o r ' s t j m a t c a g e . F e m a 1 e s o u t l i r e d l l a ] e s : t l l e l l a r n n u n l l t | g ( \ i t I \ a s

ard  cond i t io r  o f  CL3 l roo l  r ,1 ) , , r  \ rs  \ i r l r in  rh f  r ! .g . r  .b !ened nr  o t l ie r  . tud ie :  o f  the  ;1 ,ec les  i r i  *  s r .n ,  1 . .S .  l r [ . r  l r i rh  one
er tep t io r .  Brook  t |ou t  f rom Burb  La le .  Ca l i l i rn r iu -  [ad  r  lo , ,s . r  l i l .  sp ! f  (2 ]  reur ! ) .  much lo (er .ondn ion  ard  Jow. r  gn , \nh
t l l a r r ( ] | 3 | l r r l l k l u j 1 . T h e s e d r l a \ r i l ] b e a r a l r r a h l e r e | e l e l c e p o i r ] t i 1 , l l ! A . i l j I . { ( 1 ]

cs l r l i r l  r  s i rcc  th f  \ rudr  s i t f  r r i l l  te  par t  o f  the  long te tm eco log ica l  reseur rh  nc tnor l .

lntroduction

Long-ternr ecological rcscarch {LIER} i-. being pur-
sued ir l  a nulrr l ler of biorrres to un(lerstand ho\r
nalural ccosrstcms function so that enrrronrl len-
tal clecisions nral havr: a firnr founclation (Callahan
198.1). The research reporte. l  here las parl  of a
long-tcrm ccological studv ofthe Cleen Lakes (GL)

\:al ler {Coloraclo Front I lange). uncleltaken b,r ' the
L.nivelsit l  oi  ( iolorado LTER plograrn. Onc ob-
jcct irc of thc f irst phase of the studr rra-r an rn-
reDtor'r  ol i ish lroprr lat iors in tLe Cfccn l .akcs
(FigLrre l l .  Tn an init ial  surrcl in 1981. one oi us
(tr i rdel lJ i i rrnd onlr brook trout. Softr, l inls/orr-
t inofts. in Lake Albion. ( lL2 and OLIJ. Al l  Lhree
populal ions havc been unexploited 1ir the past 50
r ' , r r -  1 r  I ' r , , l r i l ' i ' i r y  t r r  - 1 " - -  r r r ' 1  , r r 3 l i  3  i r  t L ' e
Crcen Lnkes ral let (Plat l  1987). The Citr of
Boulcler otns thc luto-shcd and t lespass lals are
a mcans of protectin!( the \\  ater sul) l) l \  of Lhe ciLr .

[.nc:rploited fish popul:rtitlrrs afe lelaLireh r-arc.
alt l roLrgh the exacl nrr:aning of the term is subject
to di i l i rent ir ler l)relal ions. For-cxrntple. is occa
sional lcmoval br a porchel con-qi. lerecl erploiLa-
t ionl Alr osl al l  publ ic rratcls con be eripected to
contain exploited l ish populai ions. unless Lhcl afLi
\:erv Lernole or are l)roterled bl lrcspdss llr1rs slrch
as are in lorce in the Creen Lakes ral ler. Rcmotc-
ness antl  trcspass lals seem to qLral i l \  the GL3
popLrlat ir),r  as uncrploitr :cl .

Figure 1. Lo.atn,n nup rn Gnn l-ake 3.

[- lnex]rbitecl l ropulaLions lr-c i lnpofiant to
ecologists and f ishcrics biologists because ther
lorrn a ref irence point i i l  the sLuclr of erploitrd
populaLions. Arrgl ing can bc c:<pcctet l  to selectir ,el!
lernole lalger'  (olcler) l ish and rral i l l tcr produc-
t ir iLr oi di i fcrcnt cohorts. ln unerploited popula-
t ions. fc- 'r  exarnple. indir idLrals can bc cxpcctecl to
reach rnaxirrunr longcvitr.

Brook Lroul arc not native to Cololllo(r antr \\'ere
introduccd into the ( lreen Lakes. but no rr:corcls
are a, 'ai lable. Brook lroul occru in rnanr lrestern
\orth Arnerican lakes {\'1ar'(irimrnon and Canrbcll
1969) and arc oftcn thc onh f ish in alpine
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lakcs (Donald and Alger 1986) lhele grorth rrar
be stunLed (Rcinrcrs l95B). In Bunnr T,eke. Cal,
i frrrnia. blook trout l i re for '  2J vears. their
ma\imLrm ref(rrte. l  longcvitr i ( ia ander 1969"
Reirners l979).

1he objecLires of this studl r 'ere to oblain a
rhorough descript iorr of thc agc. sex lat io. gfo\\ 'Lh
ancl condit ion ol ' thc GL3 pofulal ion ancl compare
thc CL3 pr4rLrlaLion rr i th othcr higher eleraLiorr lakc
populat iorrs of brook t lout.

Study Area

Crccn Lake i ' l  is Lrcatccl in thc ! ' ront Range of thc
(irlorarlo Rockr Xloultrins at arr elcvation of 3..15i>
rl  in the (. i leerr T,akcs vi i l lev rtatershed (Figurc I ) .
NorLh Boulclcl  Creek conrret ts CT,3 to trro 1lsh1e-ss
lakes upstlearn. arrcl screral l tr les rr i th f ish
J " " r , - l r - r r n .  I ' r ,  - t e " l '  " : r t ' r f u  1 .  1 , r r  r ,  r r t  i  r r m i -
gf.r l iof.  lhc lake has surfacc arca of 7.5 ha. a
mean depth of 8. i  rn. and a marimLrrn r iepth of
L.>.8 rr ( l \ lc\celv l9t i ' t rJ. I t  docs not st lat i l i  and
l r c - . ,  - ' , r l r r , ,  l ' r , l ' . . . . . , i 1 c  r : r r ' g .  , , 1  0 - l l f
(\'lc\cclr 198:h. The lake lertl has been artiliciallr
r tr ised lclaLe unknorrn) and the l i t toral zonc con
tains rernnanh olpeatr soi l  ancl clearl  rr i l lols. Salrr
spp. Substrrtes r 'arrge in sizc f iom -.ud to large
boulders.

Methods

[ Ionol l ]arncnt gi l l  let-.  (bal rnesh r-anging frorn
I 0-50 rnrn) l  ele u-.ecl Lo c,ol lcct f ish in l9B t.  Fish
s p +  ,  a t , ' , r r . d  i r r  \ . r y . r . t .  l o B J .  . r l - , ,  . r - i r r r  r n , , n o -
l i lanrent gi l l  nct-.  (bar mesh 25. 51. and I02 rnm)
sel ovcrniglht.  On the clar of captrue nl l  l ish rere
rneasrrred ( lolal lcDgth. TL) to Lhe ncar-cst mrn.
lcighccl 6r 'eight. \ \ i l  to thc ncdr-cst g. :rnd helcl at
5'C ir a rcf l igclator ' .  Sorne of Lhe |985 l ish rrere
dissccted. sered. and otol i lhs rcmor,ed shr)tLh aftef
captrr le. Thc rr:st ofthe i ish rrere iozcn ancl cl is
sected latcr. [ ' ish rrhose otol iLhs could not be lbund
rrclc e: icluded fr 'orn subscquelt anahses.

Otol i ths rrele r lcarccl in;11rcero1and age dr ' tcr-
nirred using the !!r 'o\rth l ings on both sngittae
r l ' . . n e l h  l ' t .  l ,  O t , J i t \ -  f r ' ^ n r  t  ' ,  - r r r ' -  - t , , ,  i l r '  r r
rrere eranrinccl sever' :r l  t i rres i l  a discrcpancl was
' , b - e n . J  I , e  n ' , .  - r r . . : i t t . r ,  r ' r o n  t  ,  - , l r - : t i a  i -
men. ( londit iorr f . l ( lors ( lr)  \rete cal.ulaLe(l r lsing
the  e rp rcss ion :  l (  =  S ' *TL - r x l 00 .

Stals. not ot.) l i tbs. \ \efe uscd to age brook
tlout ir l  the sLucl ir :s ci tccl belot. Thus. Lhc fol lol  -

irrg comparisons rre done r l i th thc understanding

that age esl irnatcs from otol i ths lend to be higher
than those fr-onr scalcs in brook Lrout from high
ele\dl ion st leams (l((rzel and Huberl 1987). Fur-
ther. i t  is nol clcar l iom these l i tcrature sorLrces
r,;hr:thcr the populaLions rrcre unerplr i ted.

Results and Discussion

Thc l985 length fret lucno' distr ibrrt ion suggests
sr ' lcct ion ibr larger f ish. lhcreas the 1981 lcngth
lierlLrrncr distribuiion inclLrded srraller lish (Figure
2). Based on the populat ion structure. thcre is l i t -
l le rcason to bel iere LhaL agc distr ibui iorr las
-signif icanth altered b,v the rernoval of 106 trouL
in  l 9 l l  L .

Although sarnple size is srnal l .  lemales (rr :  3)
al)parentlr outli\.ed rnales. The oldest rnale was B
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Figure 2. L..gth ln,quencr histograni ol bnr)k t.out caprured
in  l9B l  un( l  I  g i l ; .
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vears. rrherers the olde-st fernale tas 1ll rears
(Figurc 3). Onlr ' four agr: ITI lrout lcrc captulet l
in thc 25-mm rncsh. as the gear appr entlr seleded
lbl luger {con-.equentlr okler ' l  f ish. ILrrrerer. the
25-nrrn rnesh rras also lhc onlr mr:sh cf lcct i lc fcrr '
olclcr f ish. sincc thc larger mesh sizes captured r1o
fish.

3  4  5  6  7  I  9  1 O  1 1  1 2  1 3

AGE (YEARS)

Figure i3. {ge frequero histogran of nul urrl li nral brrnk
lhu l  .o l le . te . l  ; ,  l98 ; .

Thc conrl i t ion lactol of CL3 brook trout r las
0 .BB- I . 13  (Tab le  L )and  l as  no t  s i gn i f i canL l r  c l i f -
lerenL (pairecl l- trst:  I  :  0.17. I '  = 0.88) betrreen
the sere-s l i l  i ish ages I\ i - \r I I I .  These ralues are
corrparablc lo lhosc ofsluntcd populat ions in Col-
olado beaver ponds (mean 0.99. r 'ange 0.6i3-l . l l9)
(Rabe 19i>i l  arrd to Lhose in S'r 'orning lakcs
11 .03 - l . l ; )  (H rp r , ; o r t h  1959 ) . rnc l  i n  a l p i ne  L tah
lakc" (0.80 l . l0) (Rabe and Dler 196:1J. I lar.-
irnurn lorrger iLv is lhrr:c lcars in Color-ado bcaver
ponds trnd 1i\e veafs in \ \  r  oming and l lLah lakes.

$'here sarrrplr sizc is good thcrc las no signi l i
cant cl i l l i rence in length belxeen Lhe seres i trr f ish
.rges I\ i - \ ' ] I  l l )aired t-tesLi L :  2.29. I ' j  :  0.08).

( i o r rpa r i son  o lg ro lLh  o lb rook  t r ou t  l i o r r  l l u r
mountain lakcs r. l 'ealed thrt tr t  ages IV-\ ' I  the
Length of CL3 brrxrk troLrt is aboul l l rc srnrc as
thosc from an alpine lake (\ '26) in the [] inta nrorrn-
t.r ins ol l l tah lRahe anrl I)rcr '  1964). and a
suba\r inc lakc ( l leimels 1958) tFigure,l) .

Crorlh of llsh ages lV ancl \ las higher iil
f lLB l lsh than 1or Bunn,v Lale { ish. and the conri i-
t ion faclor-s lcre also bcl lcr.  lor-t ' ran4rle. ut agles
l\  ancl V. Bunnv LaLe blook LfoLrL a\ef i igc{l  l ;2
rrrn and 163 mrn lL. rcspecti telr.  (Reirnels l9irt l ) .

l \ u l . l . l  l  l o r r  ( . , , g r h l n r m ) . \ i , i g h l 1 g r . a r  e o n d i r i c D f e c r o r
rir ltuoi hnrt lionr Creen Lake :J. Colorldo. l^
ag.  $n, , , t ,  rn, l  !  \ .  { )8; .

Lordili.D
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l . iF , r '1 .  {g (  r , ( l l , J ,g lh  | t  cap tLr re  o f  b roo l  n tu t  f ro r r  se lec ted
\ , .s1( .n ,  l lS r  r ru r r . rs .  I \ : r r r  I -ahe.  CaL i fo rn i !

lHr i , r f J -  l . l58r .  l .u l , .  \ -20 .  L . rdh  LRdL,e  rnd  Drer
l9ar  l l  a rd  L l . { . r le  L !1 . .  ( la l i l i ) , , , ia  1 \ \  r l ,  r  ! , , ,1  ( ; ,  r
n rJn  lq ;L r * r .
-  =  Re lerer .e .  c i ted  l i \  Car l . ! r1 . ,  1196. ) r .

l rhcr-cas brook t lout 1!om OLii  arelaged 229 anri
2132 nnr lFigLrle 1). Tht concl i t ion factor ofbrook
lrout ir l  Bunr! Lake decl ined f ionr l . l0 to 0.78
in the f irst si \  \ears anef slo(king" \rhclclrs that
of ( l l - i l  t loLrL bcLlec-n agcs l \ '  antl  \  I l l  rras about
1  . 0 .

I 'c lhaps the di i lerence hehieen BLrrrrn T.akt
, , r , d  a ; T : i  l , r u , l  t r u r r  1 ' u l r l i , t i u r ,  

' p - t -  i r  , .

l incrploitcd Brook lrout l iorn a Xlountain Lake 9 l



cl i l ielence in l i rod suplrh. BLrnrrr T,akc lacks an in'
lct st leam. bLLt ( lLiJ releires arr er.ogenous foorl
supph, frrrnr lakcs abore. Dliii into (;L:l Ilorr lakes
abo re  i .  r r r os t l r  Ch i l ono r r i t l ac  ( I l i huc  198 i ) .  I n
a stud\ r l1 2lJ ( lanacl iarr rrrorrntair lakcs" l)onalcl
ct a1. (11180) iourld th.rt  :unphilrod clerrsitr  \ds lht
Inost inlpol. tant factol el lect ing l fout gro\r Lh. ThLts
foocl supph . lot cler l t ion l)el se. rna\ l)e t l le rrrosl
cri t ical factol i l  crphi l ing blooL trorrt  grorr L| irr
mounLa in  l ak t s .

In conclu,. ion. blr:rok t lout l iom (lLi l  h.rd
gr()\ \ lh rales lrnrl  conrl i t ion factols tvpic of the
s l )ec ies  i r  r r oun t { i r  l ak t s .  l i t h  t hc  c r ccp t i on  o f
BL r rn r  T ,ake .
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