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Abstract

The purpose of this study wus 1o provide hascline data on fish pepulatiens in the Green Lakes Valley iColorado Front Range) as
part of the long-term ccolagical rescarch program of the University of Colorado. While the resulls were sile specific, the fish sampled
(brook traul, Selvelinus foniinalis) had been unexploited for the past 50 vears. Because dala from unexploited fish populations
are rare. they are presented bere Tor use by lisheries biologists and ecologists who often need 1o know the potential for fish growth
and longevity under unexploited conditions, Fish were sampled with gill nets from Green Lake 3 (GL3) and 1o1al length. weight
and sex determined. Otoliths were used to estimate age. Females cutlived males: the maximum longevity was 13 vears, Growth
and condition of GL3 brook troul was within the range abserved in other studies of the species i western LS. lakes svith one
exception. Brook trout from Bunny Lake, Calilorniz, had a longer life span (24 vears). much lower condition and slower growth
than 1.3 brook trout. These data will be a valuable reference point for those interested in This species in high elevation lakes.
especially since the study site will be part of the long-term ecological research nelwork.

Introduction ST 1T

-
Demver

Long-term ecological rescarch (LTER} is heing pur-
sued in a number of biomes to understand how
natural ccosystems function so that environmen-
tal decisions may have a firm foundation {Callahan
1984). The rezearch reported here was parl of a P
long-term ccological study of the Green Lakes {(GL) - - - ) 5
Vallev {Colorado Front Range). undertaken by the - T G
Lniversity of Colorado LTER program. One ob- o™ L T r//}‘t\\.&(
jective of the first phase of the study was an in- X . T :
ventory of fish populations in the Green [akes ) ’ T N N !
(Figure 1). Tn an initial survey in 1981, one of us 3 j o - Yy \l\\\ .
{(Windell) found ouly brook troul, Salvelinus fon- PR | - ' -
tinalis, in Lake Albion, GL2 and GL3. All three o s e
populations have been unexploited for the past 50
vears by prohibiting trespass and angling in the
Green Lakes valley (Plan 1987, The Citv of
Boulder owns the watershed and trespass laws are
a means of protecting the waler supply of the cily,
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Figure 1. Location map of Green Lake 3.

Unexploited  populations  arc important to
ecologists and fisheries biologists because they
form a reference point for the study of exploited
populations. Angling can he cxpected to selectivelv
remove larger {older) fish and may alter produe-
tvity of dilferent cohorts. In unexploited popula-

Unexploited fish populations are relatively rare.
although the exact meaning of the term Is subject
to different interpretations. For example. is occa-

sional removal by a poacher considered exploita-
tion? Almost all public waters can be expected to
contain exploited fish populations. unless they are
very remaole or are prolecled by trespass laws such
as are in force in the Green Lakes valley, Remote-
ness and trespass laws seem to qualify the GLL3
population as unexploited.

tions. for example, individuals can be expected to
reach maximum longevity,

Brook trout are not native to Coloraco and were
introduced into the Green Lakes. but no records
are available. Brook troutl eccur in many western
North American lakes (MacCrimmon and Cambell
1969) and arc often the only fish in alpine

Northwest Science, Vol. 65, No. 3. 1991 a9




lakes (Donald and Alger 1986) where growth may
be stunted (Reimers 1958}, In Bunny Lake, Cal-
ifornia, brook trout live for 24 vears. their
maximum reporled longevity (Carlander 1969,
Reimers 1979).

The ohjeclives of this study were to obtain a
thorough description of the age. sex ratio, growlh
and condition of the GL3 population and compare
the GL3 populalion with other higher elevation lake
populations of brook trout.

Study Area

Green Lake 3 is located in the Front Range of the
Colorade Rocky Mountains at an eievation of 3,453
m in the Green Lakes valley watershed (Figure 1).
North Boulder Creek contects G1.3 to two fishless
lakes upstream. and scveral lakes with fish
downstreum, but steep waterfalls prevent immi-
gration. The lake has surface arca of 7.5 ha. a
mean depth of 8.7 m, and a maximum depth of
15.8 m (MeNeely 1984). Tt does not stratify and
has a surface 1emperature range of 0-11°C
iMcNeely 1984). The lake level has been artificially
raised {date unknown) and the littoral zonc con-
tains remnants of peaty soil and dead willows, Salix
spp. Substrates range in size from sand 1o large
boulders.

Methods

Monofilament gill nets (bar mesh ranging from
10-30 mm) were used 1o colleet fish in 1981, Fish
were captured in August, 1985, also using mono-
filament gl nets (par mesh 25, 51, and 102 mm)
sel overnight. On the day of capture all fish were
measured {lolal length. TL) to the nearest mm,
weighed (weight. W) to the nearest g, and held at
3°C in a refrigerator. Some of the 1985 fish were
dissected. sexed, and ololiths removed shortly after
capture. The rest of the fish were frozen and dis-
secled later, Fish whose otoliths could noet be found
were excluded from subsequent analyses.

Otoliths were cleared in glveerol and age deler-
mined using the growth rings on both sagittae
{Panella 1974}, Otoliths from the same specimen
were examined several times if o discrepaney was
observed between sagiltac from the same speei-
men. Condition Tactors (K) were calculaled using
the expression: K = WHTL™2*100.

Scales, not otoliths. were used to age brook
trout in the studies cited below. Thus. the follow-
ing comparisons are done with the understanding
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that age estimales from otoliths tend to be higher
than those from scales in brook trout from high
elevation streams (Kozel and Hubert 1987). Fur-
ther, it is nol clear from these literature sources
whether the populations were unexploited,

Results and Discussion

The 1985 length frequency distribution suggests
scleetion for larger fish, whereas the 1981 length
frequency distribution included smaller fish (Figure
2). Based on the population structure. there is lit-
tle reason to believe thal age distribution was
significantly altered by the removal of 106 troul
in 1981.

Although sample size is small, females (n = 3)
apparenlly outlived males. The oldest male was 8
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Figure 2. Length frequency histogram ol brook trout captured
in 1981 und 1983,




vears, whereas the oldest female was 13 vears
(Figure 3). Only four age 11 irout were captured
m the 25-mm inesh. as the gear apparently selected
for larger (consequently older) fish. However, the
25-mm mesh was also the only mesh effective for
older fish, since the larger mesh sizes captuved no
fish.
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Figure 3. Age frequency histogram of male and female brook
troul collected in 1985,

The condition factor of GL3 brook trout was
0.88-1.13 (Table 1} and was nol significantly dif-
lerent (paired t-lest: t = 0,17, P = 0.88) hetween
the zexes for fish ages IV-VIII. These values are
comparable 1o those of stunted populations in Col-
arado beaver ponds (mean (.99, range (1.63-1.39}
(Rabe 1957) and 0 those in Wyoming lakes
(1.03-1.47) (Hepworth 1959} and in alpine Utah
lakes (0.80-1.10) (Rabe and Dver 1964). Max-
inum longevily is three vears in Colorado heaver
ponds and five vears in Wyoming and Ulah lakes,

Where sample size is good there was no signifi-
cant difference in length between the sexes lor fish

ages IV-VII (paired t-lesi: 1 = 2.29. P = 0.08).

Comparison of growth of brook trout from four
mountain lakes revealed that at ages IVVT the
length of GL3 brook trout is ahoul the same as
those from an alpine lake {X-26) in the Uinta moun-
taing of Utah {(Rabe and Dyver 1064}, and a
subalpine lake (Reimers 1958) (Figure 4).

Growth of fish ages [V and V was higher for
(L3 fish than for Bunny Lake f{ish. and the condi-
tion factors were alse better. For example, at ages
1V and V. Bunnv Lake hrook troul averaged 152
mm and 163 mm TL. respectively (Reimers 1938).

TABLE 1. Total length immi, weight {gl. and condition factor
for brook trout from Green Lake 3. Colorado. by
age group and sex. 1985,

Condition

Lenglh Weight lactor
Age n Mean 3D Vean 8D Viean 5D
Male=
1 3 2l 57 113 17 L 004
I\ 31 231 1359 132 2009 1.06 0.09
v 29 213 168 118 269 .02 0.11
AN 6239 111 142 117 1.0 008
VI 2 276 154 0.88
VI 1 23l 202 041
Females
1T 1 219 119 1.13
v 23 229 127 123 125 1.01 007
1) 300 232 152 126 175 090 0.0
1l 14231 116 131 1532 101 (.09
Vil g 234 135 129 101 1ol 012
VLT 1 257 141 0.83
X 1 238 157 0.91
XIT 1 266 153 0.31
XIII 1 261 135 0.760
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Figire 4. Age and length at capture of brook trout from selected
western (LS waters. Bunny Lake,  California
{Relmers 1958). Lake X-26. Liah (Rabe and Dver
19641 and Castle Lake. Califormia {Wales and Ger-
man 1936,

* = References cited by Carlander (1969

whereas brook trout from GL3 averaged 229 and
232 mm {Figure 4}, The condition factar of brook
trout in Bunny Lake declined from 1.10 10 0,78
in the first six years aller stocking. whereas that
of GL3 trout belween ages 1V and V1L was about
1.0,

Perhaps the difference between Bunny Lake
and GL3 hreok lront population rests in a
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difference in food supply. Bunny Lake lacks an in-
let stream. but GL3 receives an exogenous food
supply from lakes above. Drift into L3 from lakes
above is mostly Chirenomidac (Mihue 1987), In
a study of 23 Canadian mountain lakes, Donald
et ad. (1980) found that amphipod densitv was the
most important factor affecting trout growth. Thus
[ood supply. not elevation per se. may be the mosl
eritical factar in explaining brook trout growth in
mountain lakes.

In conciusion. breck trout from GL3 had
zrowth rates and condition factors typical of the
species it mountain lakes. with the exception of

Bunny Lake.
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