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Inf luence of Spring Runoff and Water Temperature on Hatch Date and
Growth of Age-O Largemouth Bass in a Montana Reservoir

Abstract
Largemoufi bass are a popular \port fish in Monlana and &e Nonh\rest, however maintarning quality angling is difl]cult. N{on
tana is at the nonhem extent oflhc largemoulh bass range and low lrarer rcmperarures lnay limit recruitment by reducing lhc sizc
fish atiain entering the winter reason. l-itllc is known about how dillerenr llow and lenperature regimes influence hatch date and
growth oflargemouth bass in a northcm rcscrvoir environlnent. Such infbnution is imponant for predicting good vearclasscs or
plannlng population cnhanccncnl mcasures. Two years with disparate hldrographs and \\atef ternlerature repimes scrc cum
parcd liom a Slontana reser\oir High llows and low water temperatufes occurred in 1997 whereas the con\'crsc happeied in
1998. Agc 0 largcmoulh bass !rei: sampled th-roughout the sunmef and fall of both years to estimate hatch da!c. growth raG.
body condjtior, and lcngth cntcring lhc sintcr sea\on. The median hatch daies were h nid-July and 5 d earlier in 1998 than in
I 997. Harch ine began I 2 d earli er in | 998. Spawning and halch ing \ycre controlled bv spriDg runotr and were later than reported
for lakes elsewhefe in nonh$,est Montana. Growth rate was higher in 1998 (0.76 mrn/d) than 1997 (0.'16 mlrr/d) ffom the date
mean leDgths were -50 lnm to earl], October. Highef growth rates and longer lengths wcrc achicved by hathing earl) in a year
$ith high water telnpefaiure. Length entefing into \linter was greater in I998. a\'eraging 87 mm lenus 6,1 mn in 1997. Body
conditioD lvas snnilar between yea|s. Gfowth of age-0 fish appeared io cease b! carly Octobcr ofbod )ears. crowth rate had a
greater effect on length of largemouth bass entering inio \\,jnter than lcngth ofgrowing season.

Introduction

Populrity oftishing for warm and coolwaterfishes
has increased in the Northwest (Bennettet al. 1991.
McMahon and Bennett 1996). In nofthwestMon-
tana. angling pressure on walm and coolwater
species increased nearly 207o from l99l to 1999
(McFarland and Hughes 1994, McFarland and
Merideth 2000). The largemouth bass (Mrcrcpl.rrur
subnoides) is an intoduced warmwater fish spc-
cies that provides angling oppotunity. Largemouth
bass were intrcduced to the region sometime in
thc latc I 880s (Lampman 19,16). Since their in-
troductiol'r, however, habitats suitablc fbr large-
mouth bass have increased with the building of
99 hydroelectric facilities throughout the North-
west (Bennett et al. l99l). In many cases, the
increase in warmuater fish habitat coresponded
to a decrease in coldwatcr habitats that suppofted
highly valued trout and salmon fisheries. As a result.
fishery managers have sought the enhancement
of warmwater fish, such as largcmouth bass. to
provide recreational lishing that can be suppofied
by existing habitat conditions. Yet, largcmouth
bass posc a difficult fishery to sustain tiom year-
to-year in many Northwest waters (Bennett et al.
1 9 9 1 ) .

Vtrriable yearclass strength is conxron in large-
mouth bass populations (Kramer and Smith 1962,
Aggus and Ell iot l975, Bennett el al. 1991. Post
et al. 1998). Much of the variabil ity is the result
of survival rates to age- I , making this period critical
in determining recruitment to a fishery (Sumerfelt
1975, Toneys and Cobte 1979. Post et a1. 1998).
A possible reason for i frequent strong year classes
is that the Northwest United States is the north-
em extent of the largemouth bass distribution.
Overwinter mortality may regulate recruitmenl
for species at the northem limits of their range
(Shuter and Post 1990, Fullerton et al. 2000). Low
water temperatures at northern latitudes slow
growth rates and shofien the growing season by
delaying hatch and extending winter (Post et al.
lqq8) .  C( 'n \equent l ) .  lo \a  ua le r  lempera lu re :  in
northem waters result in small size ofage-0large-
mourh hr\. enlering intu u inter. Larger size pro-
vides more energy reseryes to avoid starvation
(Gutreuter and Anderson 1985, Miranda and
Hubbard 199,1a) or predation (Miranda and
Hubbard  lqq4b)  dur ing  u in te r .  thur  inc rer . ing
sun'ival to age-1. Higher temperatures during the
growing season have been related to stronger year
classes fbr smallmouth bass (M. doktmieu) (.Fry
and Watt 1955) and other frcshwater fishes (Craig
and Kipling 1983).
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Longer largcmouth bass bccomc piscivorous
sooner trnd maintain piscivory longer than smaller
bass (Phil l ips et rl. 1995), and greater piscivory
has been related to grerter gro$th (Aggus and
Elliot 1975, Miller and Storck 1984). Other in-
vestigators have distinguished different growth
ratcs bctwccn timcs ofhatching (Miller and Storck
198,1, Goodgame and Miranda 1993. Phillips et
al. l995). In these studies. eady hatched fish grew
faster because ol their greater ability to switch to
a piscivorous diet. Coincident with this was the
inabil ity of age alone to accounl lbr much ofthc
variation in length without considering time of
ha lch  ,c .9 .  ear l )  o r  Ia le )  la rge l l  becat rse  ra r ia
tion oflength increased with increasing age. Thesc
studies tbund that increirsed variation in length
with age was explained by time of hatch and that
earlier hatched fish were longer at a pafiicular
age than later hatched fish. For example, at 50 d
old a fish that hatched early tended to be longer
than a fish hatchcd latc.

Hatch date and growth rate interact to affect
thc lcngth agc-0largcmouth bass rcach cntcring
the winter season in several regions of the U.S..
including a northern lake (Post et l l . 199E), and
mid$estern (Miller and Storck 1984, Kohler et
al. 1993) and southeastern reservoirs (Phillips et
al. 1995). Infonnation is lacking regarding the
re , . ru i tn ren l  p ru \ 'e \ \  in  nur lh$e. le rn  re .e r ru i r . .
Such informatiol could be useful in predicting
year class strength and recruitment to a fishery
and when assessing population enhancement
mcasurcs (c.g., supplcmcntal stocking or habitat
enhanccment). In this study. I obtaincd inlbnna-
tion on the recruitnrent process oflargemouth bass
in Noxon Rapids Reservoir, Montana by contmst
ing hatch datc, -growth. ancl lcngth of fish cntcr-
ing into winter bet$'een two years with disparate
flo$'and temperature regimes. I studied the popu-
lation dynamics of age-O largemouth bass with
the following obiectives: (1) evaluate the effect
of watef temperature, age. and hatch date on growth
rate of age-o largemouth bass within an irnnual
cohorl. l l) cornpure. hetueen ye.1r\. spring run-
off (discharge) and water temperature and their
inlluence on hatch datc distribution, growth. and
size entering winter. and (3) compare *ithin-year
population dynamics among-years.

Study Area

Noxon Rapids Resenoir is located on the Clark
Fork River -225 km northwest of Missoula. The

reservoir is -732 m above sea level. encompasses
ncarly 3.200 ha. and was created to provide hy-
droelectric power Typical operations ale a wcekly
I .2 m drau' with a maximum 3.I m draw during
late winter or early spring. Trophic status ranges
f ro tn  o l igo t rophrc  a t  h igh  l lou '  L lu r ing  rp r inp
snowmelt tomesohophic at low llows (Washington
Water Power 1996). Maximum sufacc water tenr-
pera ture '  t5p ica l l l  a re  20  25 'C.  Water  re ten t ion
is about 2 wk during summer low tlows. The res-
ervoir rarely stratifies, and then panially nnd fbr
a short time. The reservoir inundated a deep river
canyon to a level above much ofthe canyon walls.
As a result, there ilre several bays and extensive
llats that provide suitable habitat tbr largemouth
ba.s  I  lou  c r fa ( i t )  o l lhc  J . rm i :  -1 .55u rn  /s .

The fish community is dorrinatcd by Cyprin-
i dae, i ncluding northem pikeminnow ( P r -'* c lt o -
che i lu s o re gonens is) ;rnd peamouth (Mr /ocieilus
cri&rfurs) (Washington Water Power 1995). Yel-
low perch (.Pertn Jlatescens) arc abundant and
stunted at -200 mm. Largemouth bass and smal1-
mouth bass are common. The few Salmonids are
conflned te cold$'ater refuges at tributary mouths
and springs during sunmer Spccics ofSalmonidae
include bro$'n trout (S4llro trurl.r), rainbow trout
( O nc o rhynchu.s mrkl,ls), westslope cutthloat trout
(O. clqrki /eul.rll). bull trrrtt (Salrelinus con
ffuealr.r), lake trout (5. nanal'cuslt), lake \\"hite
frsh (Coregonus clupeaJbrmisl, and mountain
whitefi sh (Prosopli,n wi I liumsoni\.

Methods

I  uscd  a  15 .2  x  3 .1  mbagse ineu ' i th  10  mm mesh
and a  1 .2  x  1 .2  m bag.  Boat  and backpack
electrofishing were attemptcd to capture larger
age 0 fish (Jackson and Noble 1995) but were
ineffective due to growth ofmacrophytes in deep
water. I sampled thcsc decper *ater habitats by
deploying the seine into the macrophytes liom a
boat, ther pulled it to shore. Sampling with only
a bag seine may have underestimated the length
ofbass because seining tends to be biased toward
smallcr (<70 mm) fish (Jackson and Noble 1995).

Sampling was conductcd throughout the sum-
nrer and fall to capture the range of age-0 bass
ages and lengths. This strategy insured sampling
of similar agcd fish during dift 'erent t imes of the
year and growing conditions. I samplcd six times
tiom 3 August to I I October 1997, and five times
from 3 August to 19 October 19911. No bass were
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captured during the first two sanpling occasions
(3 and I I August) in 1997. Sampling sites were
intended to remain conslant throughout the study.
however catch oflargenouth bass va.ied spatially
by scason and year. Therefore, I sarnpled bass
where desired sample sizes could be obtained while
standardizing sites to thc extentpossible. Fish werc
collected from two to five sites on each sampling
date. Length of fish (TL. mm) was recordcd and
.pcc imens fo r  o to l i th  L l i s .ec t ion  anJ  ugr ing  uere
taken to the laboratory. I sampled between 2,1and
121 fish per sampling occasion.

Water Temperature and F ow

Meiin daily water temperature was recorded dur-
ing summer (defined as I July-30 September) with
thcrmographs taking [eadings l0 times a day.
Thermographs were placed at two bays typical
of young largemouth bass habilat. The operators
ol the dam provided data on rivcrdischarge. Mean
daily sunmer water temperature was compared
between years using a t-test (P < 0.05).

Hatch Date

I counted daily fings on otoliths to estimatc age
and calculate hatch date lbllowing the methods
ofTauben and Coble (1977) and Millcr and Storck
(1982). Because age 0 bass do not fbrm a daily
ring unti l they are about 5 d old. 5 d were added
to the age detemrined by counting rings (Miller
and Storck 198,1). Hatch date was calculated by
subtracting the age (d) fiom the sample date. Hatch
datc distributions were developed using otoliths
trom all samples in each year. Median and range
of hatch dates were compared between years.
Difference in median hatch dates was tested us-
irg a Mann-Whitney U-test (P < 0.05).

Growth Rate

I compared growth rates between yea$ by inspect-
1ng trajectory plots of mean length on sarnpling
datcs through summer and fall. and calculating
mean daily growth rates (mm/d). Because growth
rate is intluenced by foraging capability (i.e.. gape
sizc that is length-dependent) (Lawrence 1958)
and growing conditions (i.e.! $,ater temperature
and lbrage availability). three aspects of daily
growth rates were comparcd between years. (1 )
incremental and season-long (fiom first capture
until maximum mean length), (2) from thc dates

when llsh reached similar mean lengths until they
reached the maximum mean length. and (3) across
sirnilar dates.

I investigated thc influence of age, cumula-
tive degrees (sum ol mean daily $'ater tempera-
turc tiom hatch to capturc date), and hatch pc-
riod (early or late) on growth rate of age 0 bass.
Cumulative degrees described the combined e1'-
fects ol duration and intensity of temperature
experienced. Hatch pcriod was detennincd by
diyiding cohorts into early- and late-hatch fish.
Early hatch lish were hatched within the tirst one
third of the nnge of hatch dates and late-hatch
fish were in the later two-thirds. This division
allowed for sufficicnt separation of early-hatch
fish whose contdbudon to recruitment may be
significant, particularly in nofihem wate6 (e.g.,
Post et al. 1998). and lvoided problems with small
sample sizes. Pea$on's produot-moment corre-
lation was used to test for significant relation-
ships. Because cumulatiye degrees were a com-
bined effect of age and temperature, I tested for
differences in r between the ageJength and cu
mulative degreeslength relationships for each year
Signiticant and greater r-values fbr the cumula-
tive degreeslength relationship indicated greater
variation explained (rr, Zar 1999). and thus a sig-
niticant influence of water temperature on growth
rate. The effect ofhatch period for each vear was
evaluated using analysis of covariance if slopes
for agclength relationships were equal between
hatch periods. Hatch pedod was the main effect
with length the dependent variable and agc the
covariate. Ifslopes were uncqual and significant,
I visually inspected plots and compared slopes
of regression I ines to assess the rate of length gained
with age. Non-linear data were transfbrmed us-
ing (xr) and (1og,.) to improve linearity. Statisri-
cal tests were considercd significant at P < 0.05.

Body Cond l t ion  and Length  Enter  ng  W n ter

Condition was estimated using Itranstbrmed
(log,,,)l length-weight correlations. To compare
condition between years, I first tested for differ-
ences in the slopes of thc length-weight relation-
ship. lfslopcs were equal, I then tested tbr differ-
ences in the y-intercept to evaluate dil'fcrences in
weight at a given length. Length entering winter
was estimated as the maximum mean length of
age-0 largenrouth bass during summer and fall
sampling. A t-test was used to compare lengths
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of bass entering winter between ycals. All tests
were considered significant at P < 0.05.

Results

Water Temperature and F ow

Mean da i l y  5ummcr  wt te r  temler r lu re  $a \ : ig
nificantty higher in 1998 than in 1997 (P < 0.001).
In 1997, summer water tempcrature averaged
19.5'C whereas in 19911 water tempemturcs av-
eraged 22.0'C. Higher summer water tempera-
ture was associated with lower discharge (Figure
1). In 1997, spring runofffiom snowmelt resulted
in high flows (peak flow of 3520 m3/s) lasting
t rom mid-Mr)  to  l . r l c  June.  ln  l  qgS.  spr inF .now-
melt rcsulted in little tlow (peak tlow of 1636
nrr/s) and lasted fiom late May to early June.
Suitable temperatures for spawning ( l5'C) werc
reached in early July 1997 and in early May 1998.
In 1998, however. spring runoff decreased water
tempcratue below 15'C from mid-May until early
June. Rains created a second pulse in the
hydrograph in mid- to late June thatconesponded
with stabilizing temperatures above 15'C. Water
temlc r r lu re \  a l  lhe  end o l  the  grou ing  .ea .on
dropped precipitously andbecame similar between
years. From I October-I8 October. water tem-
peratures dropped lrom 16.9'to l3"C in 1997 and
from 18.6' ro 13.5"C in 1998.

Hatch Date and Periods

The median hatch dates were significantly dif-
fercnt between years (P < 0.05; Figure l). Me-
dian hatch date was five days earlier in 1998 (13

July) than in 1997 (18 July). Hatching began l2
d earlier in 1998 than in 1997 but ended on the
same date in both yeals. Hatch dates ranged ftom
3 July to 17 August in 1997 (,16 d long) and 21
June to l7 August (58 d long) in 1998. Hatcbing
started when tempemtures reached about 15'C,
and peak hatch occurred in the second week of
July in both years. In 1998, hatching slowed from
early to nid-July in response to stabilized water
temperatures from mid- to late June. As a result,
there was an earlier hatch mode in early July and
later hatch mode in mid July.

Hatch periods differed between years. corre-
sponding to the ditl'erenthatch date distributions
The early hatch pedod was 3-17 July (15 d) in
1997, and 21 June-9 July (19 d) in 1998 (Figure
I ). Early-hatch lish in 1998 were generally hatched

befbre early hatch fish in 1997. The two-mode
distribution in 1998 resulted in proportionally less
ef the hatch occurring in the early period than in
1997 when the distribution was skcwed towards
earlier dates. ln 1998, 3 | % (n = 67) of the hatch
occurred in the early period, and in 199'l ,194/o (n
= 143) ofthe hatch was in the early period.

Crowrr  Rate .  Body  Co ld i t 'o r - .  a r  d  I  e lg th
Enter ing Winter

Growth mte was greater in 1998 than in 1997
(Figure 2). Mean lengths of age-0largemouth bass
ranged from 48 mm (SE = 0.66) to 64 nm (SE =

1.3) in 1997 and from 39 mm (SE = I .,1) to 87
mm (SE = 1.6) in 1 998. Precision of mean length
cstimates was high (mean SE = 1.5 mm), so esti
mates of growth rates should be similarly pre-
cise. In both years. growth rate was negatrve and
the lowest tiom early to mid-October. Maximum
mean lengths were recorded in early October.
suggesting the end of the growing seasor was
between early and rnid-October in each year. The
first date of capture was 29 August in 1997 and 5
August in 1998. Mean bass lengths wcre most
similar on 29 August 1997 and 13 August 1998.
Mean grou th rltes fr \m fi rst cilplure lo ma\imum
mcan length was 0.46 mm/d in 1997 and 0.83
mm/d in 1998. Growth rate was highest in 1997
from l9 September to 3 October when fish grew
tiom a mean of 53 to 6,1 mm (0.69 mm/d). ln
1998, the highest growth rate (1.15 mntd) was
recorded tiom 13 August to 1 September when
fish grew from a mean of 49 to 70 mm. From
dates when bass were similar in rnean length (29
AuCu. l  lgqT und l3  Augu. t  lgg8 t  lo  ma\ imum
mean lengths in early October. growth rate was
higher in 1998 (0.76 nni/d) than in 1997 (0.'16
mm./d). This suggests that tish in 1998 grew taster
despite having similar initial fbraging capabili-
ties as those in 1997. Similardates ofcapture were
the periods of 29 August to 3 October 1997 and I
September to I October 1998. Dudng this time,
growth rate was higher in 1998 (0.57 mm./d) ver-
sus 1997 (0.46 mm./d) again suggesting better
growing conditions in 1998. Growth trajectories
differed. In 1997, the trajectory (growth rate) in-
creased with time whereas in 1998 it decreased.
The mean length estimates for fish on I Septem
ber and I October lgqS a.re l ikcl) conser\ali\e
because of the bias seine sampling has fbr fish
<70mm, particularly 1br the October sample when
fi sh were larger
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Figure 1. Relationship between flow. waler temperature. and largemouth bass hatch date in Noxon Rapids Reservoir, Montana
during A) 1997 O = 29,1) and B) 1998 (n = 215). Dashed line at l5"C was added to illustratc when warcr temperature
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A) 1997: High discharge/Low temperatures

Date Mean (SE) mm/d
29 Aus 48 (0.66)'19 Sep 53 (1.4)  0.25

3 O c t  6 4 ( 1 . 3 0.69'11  Oct  61  {1 .4 )  -0 .30

B) '1998:

Low discharge/High temperatures

Date lvean (SE) mm/d
5A"s 

-lrlTTt
13 Aug 49  (1 .6 )  1 . '10
'1 Sep 70 (1.2) '1.'15
'1 Oct 87 (1.6) 0.57

15 Oct 71 (2.4) -0.27

E 6 0

) - ^

Figurc l. Ciroslh rajcclonc\ lbr agc 0largcnrouth bas! in \_oron Rapids Reservoir durlng sumncr through lall ofA) 1997 and
ts ) 1 99 8. Regfess ion line added for visual comparison of gfowth rate Glope) acros s sanpling dates. Shown at each date
is tle s.unDle sire ard mean i slandard crror.

30
1 Aug '15 Aug 1 Sep 15 Sep 1 Oct

Date

Length entering into the winter season was
signiticantly greater in 1998 than in 1997. whereas
condition was similar Largemouth bass entered
into winter at a mean length ef 64 mm (SE = | .3)
in 1997 and a mean length of 87 mm in 1998 (SE
= 1.2), so fish avcragcd 23 mm larger in 1998
than in 1997 (P < 0.001, Figure 2). These mean
lengths were recorded on I Octobcr in 1997 and
3 October in 1998. Condition of age 0 fish was
similar between the t$,o years. Correlations of
length and weight Iboth fansformed using (logro)]
were signiflcant (r = 0.99, P < 0.001) 1br both
years. Slopes and intercapts \\, ere not significantly
dift'crcnt (slopc = 2.94 and intercept = -,1.75 in
1997, and slope = 2.97 and intercept = '4.80 in
1998) .

Age-length comelations were signiticant (P <
0.001) for both years suggesting that older fish
u'ere longer (Figure 3). Age explained 557. of
the variation (r = 0.7,1) in length in 1997 and716/o
(r = 0.84) in 1998 using log,n transformations of
age and length. For the 1997 data. translbrma-
tions of age (xr and log,) and length (1og,,,) did
not result in increased r-values (r ( 0.74), so they

'15 Oct 1 Aug '15 Aug 1 Sep 15 Sep 1 Oct 15 Oct
Daie

were not used. The relationship between cumu
lative temperature and length resulted in signitl-
cant correlations (P < 0.001) in both yea$ and
higher r-values (r = 0.75 in 1997 and 0.87 in 1998)
than agelength relationships, but did not descdbe
a significantly greater proportion of variance in
either year Mean temperatures experienced by
individual bass ranged from 19.1 to 22.5'C in 1997
and 20.5 to 25.2'C in 1998.

Brly hatching resulted in greater length in 1997
and 1998 (Figurc 3). For 1997, hatch periods had
significant correlations (r = 0.74 for early-hatch
and 0.76 for late hatch, P < 0.001 for both) and
similar slopes (slopes = 0.53 fbr early-hatch and
0.60 for late-hatch). Adjusted means oflength were
significantly different using analysis of covari-
ance (P < 0.05). Adjusted mean was 55.4 mm fbr
early-hatch fish and 53.1 mm for late hatch fish.
indicating a 2.3 nm advantage for early-hatch fish
at a given age. In 1998, correlations using log,,,
transformations of age and length were signifi-
cant lbr both hatch periods (r = 0.92 ibr early-hatch,
r = 0.83 tbr late-hatch, and P < 0.001 1br both
periods), but slopes werc not equal (P < 0.001).
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The slopc for early-hatch fish was 1.18 versus
0.71 for lrte-hatch fish. The greater slope sug
gests that length was gained nrore rapidly with
increasing age in 1998. Inspection ofthe scattetplot
for 1998 (Figurc 3B) indicated that early-hatch
fish werc slightly smaller than late-hatch fish liom
about 30 to 45 d then were larger at older ages.
According to correlations, a 30 d old early,hatch
fish averaged 30 mm vcrsus 35 mm for late hatch
flsh. At 75 d old, carly-hatch fish were 88 mm
and late-halch fish 611 mm. The division of the
overall age-length relationship in 1998 (n = 215)
into hatch periods helped cxplain part of the varia-
tion in length at ages over 45 d old. This was in-
dicated by the generally higher r-values forearly-
and late-halch tish (r= 0.92 and0.83. respectively)
versus thc overall age-length relationship (r= 0.84).
The lower r-value for late-hatch versus early-hatch
tish u'as largely due to remaining and higher varia-
tion of length at ages over 45 d.

Discussion

Largemouth bass in Noxon Rapids Reservoir
ha tched er l l ie l  in  I  qqh r  Ined ian  d i f fe rence =  5  d ,
stafi 12 d eariicr) when llows were lower and tent-
peratures warmed more quickly. Spawning and
hatching were largely controlled by snowmelt and
spring runof'f and, as a result, were later than re-
pofted for lakes in the same region of Montana.
Within a year earJier hatching resulted in faster
grcwth. presumably because of increascd piscivory
Only 1998 had a large enough difi'crence in growth
rate between early- and late-hatch to be of bio-
logical signiticance, ho$ever. Water temperatures
experienced by individual f ish did not result in
differeDt growth rates within an annual cohoft.
Highest growth rates were achieved by hatching
early in the year with higher water temperatures
(i.e.. 1998). Among years, differences in length
of age-0 largemouth bass entering winter bct\a,een
1997 and 1998 was p marily due to dil lerences
in growth rate, whereas growing season was less
important because of its low variability. Water
temperature was probably the most influenlial
factor fordift'erences in growth rate belwcen years.
Body condition was similar between years. Age-
0 Jargemouth bass in Noxon Rapids Reseryoir
achieved greater lcngths entering winter more by
growing laster than by having longer to grow.

Spring runoff affected the timing and durarion
of hatching for largemouth bass in Noxon Rap-
ids Reservoir (Figure l). Spring runoff mediates
the effects of warming air temperatures in May
and June by increasing the volume of cold water
coming from snowmelt. Later hatching dates were
Iikely the result of later spawning due to low water
temperature. Watgr temperature in conceft with
photoperiod contols the onset ofspawning. Bass
spawn between l5 and 2,1'C (Kramer and Smith
1962). ln northwest Montana lakes. largemouth
bass spawning begins in mid-May to late June
depending on water tempemtures (Walker Smith
1995), indicating that photoperiod would be suit-
able in May at Noxon Rapids Reservoir. How-
evet at Noxon Rapids Reservoir, hatching began
in late June in 1998 and early July in 1997 atier
high flow and when water temperaturcs werc above
15'C and suitable for spawning. In 1998, spring
rains slowed hatching in early July, even though
water temperature exceeded l5'C. The lack of a
risilg trend in temperature appeared to reduce
hatching and probably spawning. A similar re
sponse to tempcrature was reported in an Illinois
reservoir where rising water temperatures above
15"C stimulated largemouth bass to spawn (Miller
and Storck 198,+).

My results suggested that growth ofage-O fish
ceased when temperatures were still suitable for
growth (Figurc 2). The growing season ends when
water temperatues fhll below lO'C (Coutant 1975.
Adams et al. l982). However water temperatures
in Noxon Rapids Resenoir were at -13'C in mid-
October ofboth years, suggesting conditions were
still tavorable for growth. Immediately prior to
the decrease in length of tish according to mid
October sampling was a cold front. Maximum
air temperatures dropped from 28 to < 15'C on 2-
4 October 1997 and 3-5 October 199ti (U.S. For
est Service weather station near Noxon Rapids
Reservoir, unpublished data, 1999). Movement
by age-O largemouth bass out of littoral areas to
deeper water in response to cold lionts was ob-
served in two Montana lakes (Walker-Smith 1995)
and reported elsewhere (Coutant 1975). In Noxon
Rapids Reservoir, smaller age-O largemouth bass
may use shallow water to avoid predators despitc
the potential tbr staryation because of low, fluc-
tuating temperaturcs (Miranda and Hubbard 1994a,
Garvey et al. 1998). Thus, the fish sampled on
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the last sampling date in both years consisted of
lhe  qmal le r  age-O ba. :  \  i l h in the i r respec t i \e )eur
classes, whereas larger individuals moved to deeper
water and were not sampled.

Earlier hatching resulted in longer bass in both
1997 and 1998. but was more important in 1998.
Being hatched earlier simply allowed fish more
time to grow (get older) and reach longer lengths
(Figures 2 and 3). In addition to having a longer
growing season. early-hatch fish grew faster than
late-hatch fish in both years. The benefit ofearly
hatching in 1997 was small (an additional 2.3 mm
in length), suggesting that this difference was not
biologically impoftant. However, in 1998, earlier
hatching had a greater benefit (20 mm for a 75 d
old fish). Conversely, bass thatexperienced higher
water temperatures than fish of similar age were
not longer This suggests that, within an annual
cohort, early-hatch llsh grew faster and longer
than late-hatch fish because of foraging opportu-
nity rather than higher water temperatures. In-
formation on diet \\,as not collected in this study
but past studies suppofi this hypothesis. Growth
ratc of age-O largemouth bass increases with the
rate of piscivory (Aggus and Ell iot 1975, Miller
and Storck l98,1) and is higher for earlier hatched
fish (Maceina and Isely 1986, Goodgame and
Miranda 1993). Funhermore, Phillips et al. (1995)
linked hatch date and piscivory directly to growth
rate ofage-0largemouth bass by finding thatearly-
hatch fish were more piscivorous and grew laster
th?Ln laler-hal(h fish in r Nonh Carolina resen,rir

Watgr temperature among years is the most
probable and influential reason for observed dif-
fercnces in largemouth bass annual growth rates
and length entedng winter. Mean daily summer
water temperatures in 1997 (19.5'C) and 1998
(22.0"C) wercbelow the optimum for growth (Fig-
ure I ). Optimal temperature for growth of large-
mouth bass is 27.5'C (Coutant 1975). Growth rate
ilcreases to the optimum. Therefore, higher tem-
peratures, as long as they are below the optimum,
should correspond to higher growth rates. This
suggests that growth rates would be higher in 1998
than in 1997, as was seen in this study.

Growth rate had a grcater influence on length
of largemouth basr entering the u inler \eason in
Noxon Rapids Rese oir than length of growing

season during this study. Using growth rates when
tbraging capabilities were initially equal. the in-
creased growth rate estimated in l99ti (0.76 mnt
d) versus 1997 (0.,16 mm/d) added an additional
26 mm for a hsh 85 d old fish. Generally, the
growing season was irom - 15 July to l0 Oct or
85 d in Noxon Rapids Reservoir. Fufihermore.
the dift'erence of 26 mm coresponds well with
the di11'erence in estimates from sampling (23 mm)
t Figure 2 t. Conr crsell. length of gror,r ing rearon
was relatively similar between 1997 and 1998.
The beginning ofthe growing season was 5- l2 d
earljer in 1998 (as indicated by the difference of
median and range of hatch dates) (Figure l) and
both seasons ended at similar times according to
growth tlajectories and water temperaturc. Again,
using the predicted growth rates, and a 5 lo 12 d
extension in the growing season, the additional
time from earlier hatching in 1998 adds only 2 to
9 mm in length.

Fudher study is needed on the relationship of
growth to number offish. mortality rates tlrough
summer and wintgr, and recruitment to the popu
lation. Investigation of the relationship between
Iength entering winter and sur,'ival to age-l and
the fishery is needed. Overwinter sun'ival is size-
dependent in some systems (Adams et at. 1982:
Bowles 1985; Post et al. 1998; Miranda and
Hubbard 1994a, 1994b) but notothers (Hatch 1991,
Kohler et al. 1993, Jackson and Noble 2000).
Garvey et al. (1998) reported variable size-de-
pendent suryival across a range of nofihern and
southem waten. Results ofthis study idcntify key
environmental conditions and population factors
that intluence hatch timing and grcwth, two critical
elements of the recruitment process.
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