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Maturity of Lake Trout from Eleven Lakes in Alaska

Abstract

This study was undertaken 1o estimate the lenglh and age at which lake trout Salvelinus ramayeush become sexually mature in
a variety of lakes in Alaska. Probil analvsis was used 1o estimate length and age at first, median, and complete maturity for like
trout from 11 populations. Ages at which lake trout matured among the populations were quite variable. Ages al 30% muturily
for lemales ranged from 4.9 10 14.3 vears. Males generally matured al a vounger age than did females. The estimates of age al
maturily were within the range of estimates reported from other areas. Estimates of length al maturity were less variable among
the populations studicd. Lengths al 50 percent maturity for females ranged from 348 1o 481 mm FL und have a positive correlation
to lake surface area. The estimales of length ot matarity for lake trout from these Alaskan lakes were generally less than those
reported from other areas. The cllects of latitude, altitude, lake size and available forage on the sexual matarity of lake trout are
examined. Length limit regulations applied to lake trout populations in lakes of greally different surfuce area sizes. even within
a small geographical area, are unlikely to be effective at providing adequate protection for lake troul from harvest through at least

one spawning.

Introduction

The lengih and age at which lake trout Salvelinus
namaycush become sexually malure are indicative
of growth rates. productivity. and food habits of
a population (Martin 1952}, which in turn affects
the reproductive potential and sustainable vield.
In addition, populations composed of small, rapidly
maturing lake trout may provide greater vield in
numbers than do populations of later maturing
larger fish (Martin 1966). Consequently, fishery
management regulations designed to protecl im-
mature and first spawning fish in a population of
lake trout through minimum length limits or the
spawning stock with a slot imit must address differ-
ences in size at maturity. Information about matu-
rity of lake trout and the criteria for classifying a
fish as mature or immature is oflen not well de-
lined (Healey 1978). Other than those fish which
are in spawning condition, designating a fish as ma-
turc or immature in the field can be subjective and
relies heavily on the experience of the examiner,
particularly {for vounger and smaller fish (Martin

and Olver 19803

The age and length at sexual maturity is varia-
ble among populations of lake trout. Slow growing
populations may not mature until ages 13-17
{Miller and Kennedy 1948). ITn most naturatly
reproducing populations, maturity does not oecur
until age 3 for males and ages 6-8 for females (Mar-
tin and Olver 1980). Females reared in experimen-
tal ponds (Surber 1933) or stocked (Hanson and
Wickwire 1967, Olver and Lewis 1977) have oc-

casionally been reported to spawn at age 4. Male
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lake trout from planktivorous populations were ma-
ture at age 4 with females mature at age 5 or older
(Martin 1966, Donald and Alger 1986). Reported
lengths at maturity vary from 180 mm for males
and 200 mm for females in Sassenach Lake
(Donald and Alger 1986} 1o lengths in excess of
600 mm (Seneca Lake, Rovee 1943: Lake Su-
perior, Eschmeyer 1955 and Lake Simeoe, Mac-
Crimmon and Skobe 1970).

Little is known about the age and length at
which lake troul mature in Alaska, the western ex-
tent of the native range of the species, Lake trout
in Itkillik, Campsite, and Old John Lakes (68° lali-
tude) mature between 10 and 14 vears of age
(otoliths) and between 340 and 430 mm FL
(McCart et al. 1972: Craig and Wells 1973). Far-
ther south (63° latitude), most lake trout in Pax-
son and Summit Lakes were mature at 7 10 10
vears of age (scales), and al lengths of 450 to 490
mm FL (Van Wyhe and Peck 1968).

In 1987, harvest limits for lake trout were
reduced in most arcas of Alaska and a minimum
length limit was adopled for some lake trout fish-
eries, The goal of the minimum length limil was
to permit lake trout lo spawn at least once prior
to legal harvest. A single size limit (18 inches TL,
420 mm FL} was applied to roadside lakes rang-
ing in size from 150 te more than 1,500 ha. This
study was conducted to determine age and length
at maturily for lake trout from a varicty of lakes
in Alaska and to evaluate if the length Iimil regu-
lation provided adequate protection for lake trout
from harvest through at least one spawning.



Methods

Data on length, age, and maturity were collected
from lake trout in nine lakes in the Alaska Moun-
tain Range in central Alaska and from two lakes
in the Brooks Mountain Range of arctic Alaska {Fig-
ure 1}. All lakes except Paxson Lake and Walker
Lake arc above tree line (Table 1), Lake trout were
collected with small mesh. sinking, gill nels mea-
suring 60 m X 3 m and with mesh size of 25 mm
and 38 mm square measure. Samples were col-
lected during mid June threugh September,
1987-1990. All fish were measured to the nearest
mm fork length (FL) and were dissecled 10 obtain
otoliths {saggitae). Sex and state of maturity were
determined by field inspection of gonads.

Females containing eggs with diameters greater
than 1 mm and ovaries with stretched, fragmented
mesovarium were considered mature (Martin and
lver 1980). The presence of retained eggs was
uscd Lo identify females which had spawned previ-
ously. Females with lightly compacted and granu-
lar ovarics that contained eggs less than 1 mm in
diameler were considered immature. Males with
flattened testes with a maximum width of 3 mm
or more were considered mature. Males with testes
which were cylindrical in cross section and less
than 3 mm in diameter were considered immature.

Ages were determined from otoliths. Whole
otoliths were cleared in a solution of glycerine, ethyl
alcohol, and waler and viewed with a dissecting
microscope with moderate power {12x-50x) under
reflected light (Sharp and Bernard 1988). The hya-
linc or translucent bands were used as annuli and
the annuli were counted from the nucleus outward
(Nordeng 1961). When neeessary, a portion of the
lateral surface was removed by hand grinding on
a carborundum stone. Some of the oldest samples
{age 15 or greater) required additional prepara-
tion. The outer annuli in these samples were very
closcly spaced and were indistinet when the whole
otolith was viewed latlerally (sagilal planel. In these
cases, the otoliths were sectioned through the nu-
cleus with the aid of a Dremel tool. and the otoliths
were viewed in cross section. The nucleus of the
otolith was clearly visible and the outer annuli were
distinet,

The proportion of mature and immature lake
trout of each sex from cach population was deter-
mined for each age class and for 25 mm length
categories. More than one age or length category
generally contained mature and immature fish.

Probit analysis was used to estimate the median
age (AM;o) and length {(LMss) al maturity (Finney
1971, Tripple and Harvey 1991). The same sam-
ples were used for analysis of maturity at both age
and length. The midpoints ol the 25 mm flork
length intervals were used for computations of
maturity al length. Estimates of 5% and 95% matu-
rity from the probit analysis were used for first and
complete maturity. The numbers of lake trout of
cach scx sampled from each population are given
in Figure 2.

Comparison of 953% fiducial limits from the
probit analysis was used 1o delermine if eslimates
of maturity were different between sexes and be-
tween populalions. Fslimates were considered
different when there was no overlap in the fidu-
cial limils.

Results

Estimates of age at which 50% of female lake troul
matured (AM;e) in the eleven populations sampled
ranged from 4.9 10 14.3 vears (Figure 2). Males
generally matured at vounger ages than did fe-
males. However, because of overlap in the fidu-
cial limits around estimates of A Mg, for males and
females, only males and females from Paxson Lake
were considered stalistically different. The esti-
mated age at first maturity {AM,) for females var-
ied from 4.9 years in Paxson Lake to 11.0 vears
in Walker Lake (Figure 2). Estimates of first matu-
rity for males were generally aboul one vear earlicr
than for females but as with most of the estimates
of AMs,. were not considered statistically differ-
ent. Estimates of the age of complete maturity for
females (AMos) ranged from 7.7 years to 21.1
years. Complete maturity for males ranged from
7.5 w 20.1 years. Ages at which males and fe-
males were all mature were similar for each popu-
latiom except for Twobit Lake where males matured
at a younger age.

Fstimates of the length at which 50% of the
female lake lroul from these populations matured
{LMso) varied from 348 to 481 mm. The range oi
values for LMz, were relatively less than for AMg,
{Figure 3). The coefficient of variation hetween the
estimates of LMz, was 10.8 percent {sd, 44.1) com-
pared with 29.5% (sd, 2.6) for cstimates of AMas,.
In general, the estimates of LMy, for females were
not different between the populations studied. Lack
of overlap in the 95% fiducial limits for the esti-
mates indicates the LMy, for females from four of
the largest lakes (Walker Take, Fielding, Summit,
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TABLE 1. Location. elevation, surface arca, maximum depth and fish species in the 11 study lakes.'

Maximum Fisk

Elevation Arca Depth Species’
Lake Location (m) {ha) {m) Present
Sevenmile 63° 06" N 145° 377 W 925 33 12 RB.SC,LT
Paxson 62° 55" N 1137 33" W 77 1.575 26 BB,CR.HW KW . SC.SS,I.T
Summit 63° 08" N 145° 33 W 978 1,650 70 BB.GR.RW SC.SS.LT
Ficlding 63° 10" N 1457 407 W 906 538 241 BB.GR.RW.SC.LT
Lpper Tangle 639 02" N [46% 037 W 368 150 27 BR.GR,LS,RW . SCLT
Buite 63% 10" N 1479 507 W 1,022 318 24 GR.RW.SC,LT
Glacier 637077 N 146% 157 W 1.124 177 27 BB.CR.EW SC.LT
Landlocked Tangle 63° 00" N 146° 06" W 872 241 37 BB.GR.RW SC.IT
Twobit 637 08" N 145° 38" W 1.006 109 24 SCILT
Chandler 68° 14" N 1329 14" W 914 1,300 22 AC.BB.GR.RW.SC,L.T
Walker 67° 08" N 1549 207 W 206 3,800 122 ACBB.CS,GR.LCNP.LT.RW . SC

'Lakes ordered by increasing mean age Lo 50% maturity (AMgg) of luke trout.

*‘AC-Salvelinus alpinas, BB-Lota lote, CS-Oneorkymehus heta, GR-Thymallus arcticus, | C-Coregonus sardenella, | T-Safvelinus namaycush,
LS-Catasomus catasomus. NP-Esox lucius, RW-Prosopium eviindraceum, SC-Cotus cognatus, S-Oncorfynchis nerka.

Paxson) are larger than from most of the smaller
lakes {Landlocked Tangle, Twobil, Glacier) but not
all (Sevenmile, Butte). In most of the populations,
male lake troul appear to mature at a smaller size
{335-460 mm) than females. However, differences
between males and females were seen only in the
samples from Paxson, Summit, and Fielding lakes.
The length at first maturity estimated by LM; for
female lake trout ranged from 266 mm in Twobit
Lake t0 428 mm in Fielding T.ake. No females en-
countered from any of the lakes were malure at
fork lengths less than 290 mm. In most popula-
tions, the estimated length of first maturity for
males appears 1o be less than for females but differ-
cnees in the fiducial intervals were seen only for
Paxson and Summit Lakes. Estimates of LMgs for
females ranged from 420 mm to 600 mm and for
males from 389 mm to 678 mm (Figure 3).

In Sevenmile Lake, all age 4 fish were imma-
ture and all age 6 fish were mature. Estimates for
maturity were not obtained from the probit proce-
dure due to the “knile-cdged” maturity of lake trout
in this population. Other methods are recom-
mended for populations with this type of mawra-
tion (Trippel and Harvey 1991}, First and complete
maturity could not be estimaled with the probit
procedure from samples of cither sex from Upper
Tangle Lake and for females from Chandler Lakes.
The 95% hiductal limit around the eslimate of T.Ms,
for males from Walker Lake ranged from 0 to 540

mm and is not shown in Figure 3. Small sample
sizes were likely responsible for the failure of probit
analysis to accurately predict the length and age
of first and complete maturity for these populations
(Figure 2. 3).

Discussion

The estimates of first and complete maturity from
probit analysis were generally not different from
values observed in the samples. The minimum ob-
served values for auge and length of {irst maturity
fell within the 95 percent fiducial interval for 5 per-
cent maturity most of the time (87% of the time
for age, 88% for length). Similarly, values for com-
plete maturity from the samples were generally
within the 95 percent limits of AMys and LMas
(ages 87.5%. lengths 95%). The point estimates
for age and length at first maturity were often less
than the voungest or smallest mature fish encoun-
lered in the samples. However, actual differences
were observed only for males from Paxson and
Chandler Lakes. The source of this potential bias
is unknown bhut may be duc either to errors in age
determination or to incorrectly assigning mature
status 1o immature fish. Similarly, estimates for the
age and length at complete maturity predicted with
probit analysis were ofien older and larger than
encountered in the samples. Differences hetween
cstimated and ohserved age at complete maturity
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were detected only for males from Chandler and
Walker Lakes and for length at complete maturity
only for males from Walker Lake. Failure to recog-
nize as maturc males that would not have spawned
in the vear of capture but that had spawned previ-
ously may be one source of this potential bias. Non-
consecutive spawning is common in northern popu-

lations (Martin and Olver 1980).

Estimates of the median age al maturity (rom
the 11 Alaskan lake troul populations in the study
{5-14 years) are within the range reported for the
species {Healey 1978, Martin and Olver 1980,
Donald and Alger 1986, Table 2). T.ength at matu-
rity for lake trout populations in Alaska (335-481
mm) are generally less than those observed for
populations farther south, but are within the range
reparted (Table 2). Thffercnecs in the rate of matu-
ration in lake trout have been related to a number
of environmental and biological factors such as lati-
tude, altitude, growth, lake size, and available for-
age. Maturity is often related 1o the allainment of
a given size and age such that fast growing lake trout
may mature at an carlicr age and the largest mem-
bers of an age group are the first 10 mature (Martin
and Olver 1980). For lake trout, the lower limit of
age of maturity appears to be 4 years and at a length
of approximately 200 mm (Table 2).

Maturity is expected to be slower in populations
in high latitude and altitude lakes due to low avail-
able solar energy (Henderson et al, 1973) and slow
growth {Healey 1978). In this study. estimates of
median age at maturity were highest (12 and 14
vears) for the two populations north of 67° lati-
tude {Walker and Chandler Lakes). Reports of me-
dian age at maturity from high latitude populations
in Alaska (1tkillik, Campsite. and (Md John Lakes)
and from northern Canada {c.g., Great Bear Lake,
and Kaminuriak Lake. Table 2) are similar to
results found at Walker and Chandler Lakes. In
contrast, estimates of age at maturity from the nine
lake trout populations investigated farther south
(62° 55" 1o 63° 10 N) are consistently younger
(AMsy 5.4-10.4 vyrs) than estimates from popula-
ttons residing in lakes at higher latitudes. The age
at maturity for lake trout in these lower latitude
Alaskan lakes arc similar to results from Lake Ta-
hoe in California and more temperale areas in
Canada (Table 2). An increase in age of maturity
with increase in latitude was reported by Falk e
al. (1973) and Healey (1978). Length at maturity
may also decrease with increasing latitude (Healey
1978). In this study, latitude is not inversely related
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to LMsy. The effect of elevation on length or age
al maturity was not cvident in the Alaskan lakes,
but the range of elevation in this study was quite
limited (Table 1).

Differences in age at maturity among popula-
tions have been attribuled 1o differences in growth
rates such that age and size of maturity are in-
versely relaled (Alm 1959, Hanson and Wickwire
1967, Paterson 1968). In contrast, Healey (1978}
lound that size and age at maturity were not cor-
related. In some populations (primarily plank-
tivorous) small fish mature at young age (Martin
1966, Donald and Alger 1986). An inverse rela-
tionship between age and length at maturity be-
tween populations was not observed in the resulls
from the 11 Alaskan populations (Figures 2, 3).

Lake size may also affect the lengih at which
lake trout mature. Lake arca is highly correlated
with measures of community structure, catch and
harvest, and numerous abiotic faclors (Goddard et
al. 1987). A significant correlation between lake
area and LMz, lor lake troul, and a positive rela-
tion between area and L, s, 18 reported by Payne
et al. (1990). This means larger lakes contain
populations with larger lake trout and correspond-
ingly greater LMs,. In Alaska, length at 30% matu-
rity for females was generally larger in the larger
lakes; all estimates greater than 400 mm were [rom
lakes larger than 500 ha. The overall smaller size
at maturity for lake trout from lakes in the Alaska
Range is likely a result of the small surface area
of these lakes. Most lakes that have been studied
in areas outside Alaska are relatively larger; Sas-
senach Lake, Alberta is smaller (8.1 ha), length
at maturity is less {Donald and Alger 1986).

The effect that lake surface area has on Lhe size
at maturily for lake trout is significant in consider-
ation of length limit regulations. The median
lengths at maturity estimated as [.Ms, for the lakes
in Alaska, indicate that the 420 mm FL length limit
adopted in Alaska is unlikely 10 provide protection
for first spawning lake trout in lakes larger than
500 ha {Figure 2). For lakes 320 ha and smaller
in this study, the estimated median length at matu-
rity was less than the length limit, and protection
for lake trout through first spawning can be ex-
pecled.

Available forage and diet may also affect the
age and size of maturity for lake trout. Small lakes
in Alaska are inhabited by few fish species (Table
1}. In other studies, slow-growing lake 1roul which
fced on plankton matured earlier than fast-growing



TABLE 2. Maturity schodules for lake trout from selected North American populations!

Fork Length al maturity Age al malurity
Lake sl mature  50% mature Al mature  lst mature  30% malore Al mature Relerenee
Tahoe, Calif-Ney 335 m? 205 m 610 m 4 m 7m 10 m Hanson & Wickwire 1967
422 531 f 620 f 47 ) Iam
Loutsa. Ontarie 3300 335 f 400 of 71 811 Martin 1951, 1936
Algonquin Park, Ont 250 m 4m 6 h Martin 1957, 1966
330 f 51
Opeongo. (ntario 380 f 457-500f  480-380 Martin & Fry 1973
Squeers, Ontario 310 m 395 m 5m 7m 911 m Ball 1988
280 360 f 415 1 71 a1 9.11 ¢
Mistassini, Quebec Tm ) Dubois & Lageux 1963
183 1 LT 9 1nf
Swan, Alberta 3m Paterson 1968
470 479 f 325 1 60 61 Tr
Sassenach, Alberta 180 m 180 m 200 m 4m 4 m 3m Donald & Alger 1986
200 f 220 1 i} )
la Ronge, Sask 00 f 560 f 612 1 ar 71 8r Rawson 1961
Great Slave, NW.T. 484 b 897 8-10 1419 1 Falk er of. 7974
Paxson, Alaska 450 b 76 b Yun Whye & Peck 1968
Paxson 304 m i3t m 4y m 3 m S m 8 m This study
388 1 426 1 167 1 afl 6f 81
Kaminuriak, N.W.T. 3 m Bond 1975
BEHEI 6l0f 197 27 1
Hottah, N.W.T. 165 1 465 5261 5h 5h Tl Wong & Whillans 1973
undlocked Tangle 308 m 363 m 129 m 6 m 10 m 16 m This study
28T 348 { 4310 Tr 101 151
Lpper Tangle 400 m 1 m gm 11 m This study
400 1 5f 8f 121
Sevenmile 379 m 348 m 389 m 3m This study
36370 3911 120 1 af
Glacier 337 m 376 m 121 m 6 m 9 m 14 m This study
32871 ave { 132 F i1 9r 121
Twobit 35 m 335 m 105 m Tm 10 m T4 m This study
327 1 3521 479 71 11 f 2210
Summit, Alaska 500 b 8-10 b Van Whye & Peck 1968
Summit 27l m 361 m 487 m 1 m 6m 9m This study
421 f 432 1 5111 6 Tf gf
Rulle 326 m 353 m 405 m Tm 8m 10 m This atudy
32871 375 1 127 1 i 8f r
Fielding 374 m 428 m 49T m 4 m 6 m 9 m This study
428 1 481 1 540 1 of 811 10 f
Keller. N.W.T. 500 b Inf Johnzon 1972
Greal Rear, NW.T. 418 b 14 m Falk et ol 1974
1011 1 14-15 f 15-20
Walker 31l m 400 m 678 m 9m 4 m 20 m This study
3781 176 600 f 11T 141 191
Old John. Alaska 350 b 1530 h 10 b 15 b Craig & Bain 1975
Chandler 326 m 390 m 168 m Tm 12 m 19 m This study
41010 125 1 121
Nkillik, Alaska 400 m 450 m I'm 11-15 m 17 m McCart et ¢l 1972
A50 1 141 15-17 f 200
Campsile, Alaska 350 m Il m McCart et af. 1972
353400 131

lLakes ordered by increasing latilude.

m—males, {—females, b—botlr sexcs
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piscivorous lake trout, and a change in diet from
plankion to fish resulted in an increase in size and
age of maturity (Martin 1966). The absence or un-
availability of suitable-sized forage fish for lake
trout resulted i a dict of benthic invertebrates,
smaller fish (including lake trout), and plankton in
many northern populations (Falk et al. 1973, Ball
1989). Such populations may hecome dominated
by small, slow-grawing or “stunted” individuals
{Donald and Alger 1986, Carl et ol. 1990). In con-
trast 1o the slow growing, early maturing. plank-
tivorous lake trout described by Martin (1966),
lake trout in Alaskan lakes with limited forage ma-
ture at small size and old age. Twobit Lake in
Alaska has the lowest fish specics diversity in the
data set, and estimates of AMa, (L1 yrsi and LM,
(352 mm) for female lake trout from Twobit Lake
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are older and smaller than for other populations
in the Alaska Mountain Range. Alaskan lake trout
populations in smaller lakes are generally ben-
thivorous/planktivorous and species diversity and
piscivory increases with lake size,
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