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ABS1RACT 

A workshop on Salmon Age at Maturity was heli 13-14 November in Juneau sponsored by 
NMFS Ocean Carrying Capacity (OCC) research program and the University of Alaska 
Fairbanks School of Fisheries and Ocean Sciences. The goal of the workshop was to investigate 
effects of changes in climate, fish production, aLd ocean productivity on salmonid maturation 
schedules in natural environments. The two key scientific questions were: (1) When is the onset 
of maturation in natural environments; and (2) 'What are the types of factors affecting maturation 
(freshwater growth, marine growth, genetic, etc.), and do they affect maturation independently? 

Invited speakers reviewed the historical increase of maturation age, particularly in stocks of 
chum salmon, and reviewed the literature on an array of pertinent topics ranging from life history 
evolution, salmonid reproductive strategies, genetic variation of growth and maturation, to 
physiological factors that influence maturation age, particularly nutrition and endocrine 
regulation. Abstracts from these talks are included in this document. Workshop participants also 
identified a iist of important research questions related to the general question of why age of 
maturation has increased, including questions related to alternative hypotheses about phenotypic 
plasticity and genetic change, ecological hypotheses about energetics and nutrition and how they 
may have varied historically and geographically. These questions were categorized into four 
potential avenues of research described towards the end of the document. 
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Introduction 

Remarkable changes in the abundance and body size of salmonid populations have 

occurred in recent decades in the North Pacific Ocean and adjacent waters. Total catches 

of North American salmonids in the North Pacific declined steadily from historic highs in 

the late 1930's to a low in the mid-1970s (INPFC 1979; Fredin 1980). By 1980, however, 

there was a striking increase in North American salmonid catches (Rogers 1984, 1987), 

and recent Alaskan salmonid catches have risen to historic high levels exceeding 200 

million fish (Beamish and Bouillon 1993; Rogers and Ruggerone 1993; Olsen 1994; 

Alaska Department ofFish & Game statistics). The increase in the average annual 

production of adult salmon in the Gulf of Alaska between 1950-1977 and 1981-84 is likely 

the result of an increase in marine survival (Rogers 1984, 1987). These large-scale 

changes in biological production of many species in the North Pacific Ocean are probably 

linked to decadal-scale changes in ocean and atmospheric conditions (e.g., Brodeur and 

Ware 1992; Hollowed and Wooster 1992; Beamish and Bouillon 1993; Francis and Hare 

1994; Polovina et al. 1994; Trenberth and Hurrell 1994). 

Along with recent increases in salmonid production, the average size of adult 

salmonids has decreased and age at maturity, particularly in chum salmon (Oncorhynchus 

keta), has increased in some areas of the North Pacific Ocean. Density- dependent 

limitation of growth in the ocean has been suggested as the possible cause of these 

changes. A decrease in adult body size and an increase in age at maturity of Japanese 

hatchery chum salmon occurred as hatchery production increased from 800 million fry 

annually in the early 1970' s to about 2 billion fry per year after 1980 (Kaeriyama 1989; 

Kaeriyama and Urawa 1992; Kaeriyama 1994). Significant coincident increases in mean 

age and decreases in mean body weight, mean scale radius, and mean width of the third

year zones of age .4 chum salmon occurred in cohorts of Japanese hatchery fish and some 

Russian stocks after 1970, suggesting a relationship between growth and maturation age 

(Kaeriyama 1994); but similar changes could not be demonstrated in a Canadian stock 

(Fraser River) (Ishida et al. 1993). A significant negative relationship was demonstrated 

between research gillnet catch per unit effort (an index of density) and mean body weight 
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for maturing and immature chum salmon caught in June and July in the central North 

Pacific (46-52°N, 170oE-1700W), where the distribution of Japanese and Russian chum 

salmon is known to overlap (Ishida et al. 1993). Similar density-related interannual size 

differences of chum salmon were observed in immature (age .2) chum salmon caught in 

1958-1977 in the ocean south of Adak Island, where chum salmon stocks are primarily of 

Asian origin (Rogers 1980). However no evidence of density dependent effects on survival 

of Japanese chum salmon fry can be detected in the historical record (Kaeriyama 1994). 

Some evidence concerning density dependent effects on other species has been 

presented. In 1990 and 1991, the body size of adult Bristol Bay sockeye salmon (0. 

nerka), at historic high abundance, was unusually small, which raised concerns about 

limited ocean carrying capacity (Rogers and Ruggerone 1993). Analyses of size. 

abundance, and scale pattern data indicates that density-dependent growth in Bristol Bay 

sockeye salmon occurs in their last summer in the ocean, when maturing fish are 

concentrated during their return migrations (Rogers 1980; Rogers and Ruggerone 1993). 

An inverse relationship between body size and abundance for some stocks of pink salmon 

(0. gorbuscha) has been attributed to density-dependent marine growth or availability of 

food (Takagi et al. 1981). 

Evidence from North America also supports the notion that chum and pink salmon 

growth may be density dependent. Since the early 1970s, the period of increasing salmon 

abundance, the average body weight at age of chum salmon in several North American 

stocks has declined by 46% (Helle and Hoffinan 1994; Helle 1995). The mean weight of 

most British Columbian pink salmon stocks decreased between 1959 and 1975, and since 

1975 this trend has continued for some stocks (Ricker et al. 1978; Healey 1986). Mean 

weight of southeast Alaska pink salmon also declined, from the mid 1920's until around 

1950 and after a brief increase from the mid 1950' s until 1985 (Marshall and Quinn 1988); 

the decline has continued to the present (unpublished analysis of annual observations at 

Auke Creek since 1970). Ricker et al (1978), and Ricker (1981) attributed the earlier 

decline in British Columbia to possible artificial genetic size selection by the fishery, not to 

density or environmental effects. After the early 1970's, however, these declines of pink 



salmon body size have persisted while abundance has generally increased and the declines 

have been evident in stocks tlshed only by nO-1-selective gear. 
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Other analyses suggest that density of all salmon species rather than genetic effects 

of selection is a controller of salmon growth. Growth rates of abundant stocks of several 

species of salmonids appear to be inversely related to stock size of pink salmon, often the 

numerically predominant species (Peterman 1987). Salo's (1991) review of chum salmon 

dynamics concluded that cycles in behavior, age at maturity, size, marine survival, and 

abundance are related to strong biennial cyd~s of abundance in pink salmon, that 

competition in the ocean is the ultimate cause of these cycles, and that ocean 

environmental effects override the genetic mechanisms. Ogura et al. (1991) found 

substantial odd-even year fluctuations in the second year of ocean growth on the scales of 

coho salmon (0. kisutch) from the western North Pacitlc, and hypothesized that this was 

due primarily to the overlap of diet between coho and pink salmon. 

Density independent environmental relationships to growth have also been 

demonstrated in studies ofPacitlc salmon population records. For instance Rounsefell 

(1957) found sea surface temperature to be the "principal factor controlling average fish 

length" (a negative relationship) in observations during the 1930's of six cohorts ofa pink 

salmon population. Helle (1979) found that interannual variation during 1957-1972 of size 

of mature chum salmon and of their growth in the first year was explained by variation of 

sea surface temperature and other climatologic measures. 

The documented chang's of age at maturity and body size have without doubt 

been accompanied by correlated changes of other life history and fitness traits such as 

fecundity and egg size. These traits are in general positively related to body size and 

maturation age (e.g. Rounsefell1957; Beacham 1981). However, long historical records 

of particular fitness traits are rare. Particularly during the past 20 years productivity of 

North Pacific salmon stocks, measured by aggregate harvest, has increased even though 

maturation age, body size and related individual fitness traits have declined. Maturation 

age, body size, and egg production are adaptively important to evolved tltness in salmon 



populations (Helle 1979; Van Den Berghe and Gross 1989); long term changes are of 

concern in conservation of salmon biodiversl:y, particularly if the changes are 

anthropogenic. 
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Presented here are abstracts of prese Itations at the workshop and a discussion of 

research directions and plans. Included are presentations of historical data on size and age 

trends, reviews of literature on life histories and salmon life histories, reports of pertinent 

research in progress, and a discussion of res(arch directions. 

Historical declines in Age of Maturation in stocks of Pacific 
Salmon by Jack Helle US NMFS Auke Bay Laboratory 

Two populations of chum salmon were monitored for changes in age and size at 

maturity from 1972 through 1995 (Helle and Hoffinan 1995). One population was at Fish 

Creek, a tributary of the Salmon River which flows into Portland Canal near Hyder, 

Alaska. Fish Creek chum salmon are known for their very large size. The other stock was 

from the Quilcene National Fish Hatchery which is on the Quilcene River in Hood Canal, 

Washington. The U.S. Fish and Wildlife Service operates this salmon hatchery. 

Both stocks of chum salmon showed a major decline in mean size at age starting 

about 1980. Mean weight of 4-year old chum salmon declined by 46% and mean age at 

maturity increased during this 20-year period. Population abundance increased as well. 

Similar changes in size, age, and abundance have been documented in Japanese hatchery 

populations of chum salmon. North American and Asian populations of salmon 

intermingle on the high seas at certain life stages. The possibility of density dependent 

growth in the ocean was discussed in relation to the major regime shift in the North 

Pacific. 

Models of Life History Evolution by Bob Fagen 

Life history models yield a variety of approaches to life history strategies in 

salmonids. Some of these approaches could represent potential candidates for use in the 

ocean carrying capacity program. The scope of this review is to describe various life 
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history models developed for salmonids, to provide a summary overview of life history 

models developed for fishes, to place these results in the contex1: oflife history theory, and 

to identifY candidate models for salmonid maturation. 

For the problem of age and size at maturity, the most promising approaches to 

date appear to be: 

1) adapting the common features of the Roff and StearnslKoella models so that they 

will apply specifically to Pacific salmon. 

2) an extension of Healey's conceptual approach, using advanced technology 

(possibly supercomputer technology) to search for multiple optima. 

3) a model that examines implications of self-assessment and environmental 

assessment (by fish!) for decisions about the size and age of maturation. 

4) a model analogous to that used for juvenile coho (Harding, Mangel-Clark, Grand) 

but capturing the key features of habitat shifts as they apply to decisions about the 

size and age of maturation. This model may need to recognize a role for history as 

maturing salmonids undergo the linked sequences of metamorphosis and niche shift 

that constitute the Pacific salmon life cycle. 

5) data collection for 50-100 representative sites across the entire range of chum 

salmon and a model to investigate possible constancy of the product of size

specific fecundity and age at maturity. 

6) a sampling model to determine the amount and cost of sampling effort necessary to 

define the maturation cycle for chum salmon by sampling chum salmon at sea and 

identifYing their age, stock of origin, and other relevant life-history characteristics. 

Reproductive strategies in salmonids by J E Thorpe, University of Glasgow, 
Institute of Biomedical & Life Sciences, Glasgow G12 BQQ. Scotland. U.K. 

Fishes mature at their earliest possible opportunity. Salmonid maturation cycles 

are annual, each new cycle starting immediately after spawning. Differentiation and 
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development of gonad tissue begins in salmonids before emergence from the gravel, and 

its continuance is regulated by inhibition. Whether or not a maturation cycle will be 

initiated or arrested depends on the status of the fish's energy stores at the beginning of 

the cycle, and whether or not an initiated cycle will be maintained depends on the energy 

stores towards the end of winter. The first internal evidence of an initiated maturation 

cycle is the grov.th of the gonads - well before increases in serum sex steroids are 

measurable. This growth is relatively slow during winter, but then accelerates rapidly 

through spring and summer. Maturing fish have higher appetite than non-maturing, are 

more aggressive, dominate food supplies, and grow more rapidly than non-maturing fish. 

Body proportions begin to change, and maturing fish can be distinguished from immatures 

on this basis before their colours change. 

Genetic Variation of Growth And Sexual Maturity Traits in 
Salmon ids by Patricia A. Crandell, University of Alaska Fairbanks, School of Fisheries & 
Ocean Sciences, Juneau Center, Gastineau Salmon 8roodstock Laboratory. 11120 Glacier 
Hwy., Juneau, AK 99801 

Over the last several decades, significant changes in body size and age and size at 

sexual maturity have been observed for several species of Pacific salmon. Since measured 

values of phenotypic traits consist of both genetic and environmental components, it is 

impossible to determine if the changes are due to environmental fluctuation or are in 

response to selection. If the change is due to environmental factors, then it is not 

permanent and will vary as the environment varies. If the change is genetic, permanent 

differences in gene frequencies may have occurred. Although the cause of observed 

phenotypic change is unidentifiable, a comparison between observed phenotypic change 

and predicted response to selection is possible. Response and correlated response to 

selection may be predicted if genetic parameters for the traits of interest are available. 

Since the early 1970's genetic parameters for economically important traits of 

salmonids have been estimated through breeding experiments. Estimates of heritabilities 

and genetic correlations are available for growth traits, such as body size, and maturity 

traits, such as body size at maturity and age at maturity, for pink (Oncorhynchus 

gorbuscha), chinook (0. tshawytscha), and coho (0. kisutch) salmon and rainbow trout 
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(0. mykiss). Similar information exists for Atlantic salmon (Salma salar) and Arctic char 

(Salvelinus alpinus). Heritability estimates, vhich allow the prediction of genetic change 

for a selected trait, are available for growth tl aits of all 6 species listed above. Body size of 

fish older than 1 year of age is moderately he'itable, estimates range from 0.13 to 0.94, 

with most estimates between 0.3 and 0.5. Heritability estimates for mature size are only 

available for pink and coho salmon and rainbow trout and range from 0.19 to 0.76. For 

mature age, recorded as a categorical trait, heritability estimates are available for Atlantic 

salmon, rainbow trout and Arctic char and range from 0.12 to 0.48. 

Few estimates of genetic correlations, which allow the prediction of genetic change 

for an unselected trait that is genetically correlated to a selected trait, have been published. 

Genetic correlations between mature size and size measured prior to maturity are only 

available for rainbow trout and range from 0.35 to 0.77. Genetic correlations between 

mature age and size measured prior to maturity are available for rainbow trout, Atlantic 

salmon and Arctic char. They range from 0.11 to 0.52 for those species. The availability of 

genetic parameters allows the prediction of genetic change over a range of selection 

intensities. Such information may facilitate understanding of the causes of phenotypic 

change. 

Growth and Age of Maturity: Their Relationship and Potential for 
Selection in Chinook Salmon by Ron Heintz, John Joyce, W W Smoker, US 
NMFS Auke Bay Laboratory, 11305 Glacier Highway, Juneau AK, 99801 and (WWS) University 
of Alaska Fairbanks, SFOS 

Faster growing salmonids have been noted to mature at younger ages. If a genetic 

correlation between growth and early maturation is responsible for that relationship it 

would imply that selection on growth would have a correlated effect on maturation age. 

We studied growth and maturation in a 50 full-sib families of captive chinook salmon. A 

significant inverse relationship between growth during the first year of life and the age of 

maturity in a group of male chinook salmon was identified (P < 0.001). While this 

relationship may not be suprising for early maturing males Gacks), the growth rates of 

males destined to mature at later ages also differed significantly from the average. 

Characters such as sire age, dam age, and egg size were positively related to growth 
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during this same early period, but the relationship between these characters and age at 

maturity is contrary, i.e. negative. Consequertly, the relationship between growth and age 

at maturity described here, is not mediated by parental characters. Calculation of the 

heritability for growth and age at maturity an long males revealed a large genetic 

component to variation in growth (h2 
- >2), and little genetic influence on age at maturity 

(h2 
- 0.15). This result coupled with the relationship described above suggests that a 

decrease of average age at maturity in a population could result from selection for 

increased growth during the first year of life. 

Effects of Parental Age and Smolt Size on the Age of Maturity of 
Southeast Alaska Chinook Salmon by John E. Joyce, Jeffrey J. Hard, Frank P. 
Thrower, Alex C. Wertheimer US NMFS Auke Bay Laboratory, 11305 Glacier Highway, Juneau 
AK,99801 

This experiment was designed to measure the influence of parental age and smolt 

size-at-release on the survival, growth, and age-at-maturity of chinook salmon 

(Oncorhynchus tshawytscha). Unuk River stock chinook salmon returning to the National 

Marine Fisheries Service (NMFS) station at Little Port Walter, BaranofIsland, Southeast 

Alaska were spawned in 1984 and 1985. Both individual and pooled family groups were 

created from a variety of parental age combinations (male range 2-6 yr., female range 5-7 

yr.). Offspring from these pairings were marked with coded-wire tags and released as 

yearling smolt to the marine environment at a variety of sizes. In 1986, 203,962 smolts 

from 46 groups were released. In 1987,210,712 smolts were released from 30 groups. 

Recoveries of marked fish were made in commercial and recreational fisheries, and at the 

release site. Recoveries of mature fish at the release site numbered 2,597 and 1,625 from 

1984 and 1985 broods respectively. Fishery contributions, exploitation rates, and 

escapements have been calculated for all release groups. Analysis of the escapement 

returns (uncorrected for fishery data) from the 1984 spawnings suggests a strong influence 

of mean parental age on male offspring age, but little or no influence on the age of female 

offspring. Realized heritability was calculated as the ratio of response to selection 

(difference in mean offspring ages) to selection differential (difference between mean 

parental ages). Realized mean heritabilities (+1- SE) calculated from the 1984 brood were 
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0.59 (0.23) for male offspring and 0.10 (0.05) for female ofTspring. Size ofsmolt at 

release also was related to mean offspring age. Fish released at a larger size had lower 

average ages at maturity than did fish originating from the same parental age combinations 

but released at a smaller size. Further analyses will focus on the survival and fisheries 

exploitation of these groups, and their size and age at maturity. 

Early morphological indicators of maturation in Atlantic salmon by 
J E Thorpe, S.Kadri, N.B.Metcalfe & F.A.Huntingford, University of Glasgow, Institute of 
Biomedical & Life Sciences, Glasgow G12 BQQ. Scotland. u.K. 

Early maturity complicates the efficient production of farmed salmon in cages. 

Maturing individuals dominate food capture, and suppress the intake of non-maturing 

ones. Maturing fish lose appetite during June and July, and cease feeding prior to 

spawning. This anorexia may occur over a six week period before all maturing 

individuals in a sibling population have ceased feeding. During that time non-maturing 

individuals begin to feed more actively. The decline of appetite and arrest of further 

growth in maturing fish in the summer before spawning is associated with the achievement 

of a threshold lean mass. Thereafter, further gonad development occurs by transfer of 

protein from the soma to the ovaries and testes. Secondary sexual characteristics of 

mature individuals do not become obvious until August. However, maturing individuals 

are distinguishable by their relatively greater condition factor at any given body length 

when compared with non-maturing fish. This predictive relationship between condition 

factor and length differs between stocks, implying that its discriminatory power would be 

reduced (but still worth testing) in populations of mixed stocks. 

The Role of Energy Stores in the Timing of Life Cycle Transitions 
in Pacific Salmon by Karl Shearer, US NMFS Northwest Fisheries Science Center 

Growth and development in Pacific salmon species are highly variable. Although 

seasonal cycles of growth and development are entrained by photoperiod and temperature, 

they are influenced by genetic, abiotic and biotic factors. The plasticity caused by these 

factors allows these fish to sexually mature from one to seven years age. A research 

group at The Northwest Fisheries Science Center composed of an endocrinologist, 
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physiologists and nutritionists has recently initiated research designed to examine the role 

of lipid stores on the incidence and timing of smoltification and maturation in sockeye 

(Oncorhynchus nerka) and chinook (0. tshawytscha) salmon. In these studies, fish are 

being fed diets containing equal amounts of protein and graded levels of lipid. The diets 

are designed to promote similar rates of growth but varying levels of stored lipid. 

In our first experiment, 1 + chinook salmon (initial weight 5. 6g) were fed diets 

containing 4, 9, 14, 18 or 22% lipid for 14 months (Aug 1993 to Sept 1994). Mean 

weights of the fish in the five duplicate groups (200 fish/tank) did not differ over the 

course of the experiment, and the final weights of the fish averaged 55 g. Monthly 

sampling indicated that whole body lipid levels averaged 5.6, 7.1, 8.2, 9.4 and 9.6% over 

the course of the experiment. Some males in the 9 to 22% dietary lipid groups began 

testicular development by January 1994 and those fed 4% lipid began to show 

development in February. Testicular development was accompanied by an increase in 

growth and insulin-like growth factor 1 (IGF-1) in maturing males, while growth and IGF-

1 levels in non maturing males and females were similar. At the end of the experiment the 

remaining fish were sacrificed and the fish were sexed and the state of maturation was 

determined. Percent maturation was significantly related to whole body lipid stores, 

increasing from 25% in the fish fed 4% lipid to 46 % in fish fed the 22% lipid diet. 

Experiments will soon be underway to assess the effects of dietary lipid level on 

smoltification of 1 + age male and female sockeye and 0 male and 2+ male and female 

chinook salmon. 

Discussion and Summary by Steve Ignell US NMFS Auke Bay Laboratory, 11305 
Glacier Highway, Juneau AK, 99801 

The foregoing presentations suggest a general hypothesis that variation of the 

energetic environment of salmon explains variation of maturation age. "Energetic 

environment" encompasses the physical (i.e. physical oceanographic) features of the 

salmon's environment as well as the biological features (prey availability, etc.) This 

hypothesis is grounded on the body of experimental evidence that age of maturity is 



dependent on the energy budget of individual salmon and the It assessment" of their own 

energy stores during an annual growing sea~ cm. 
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Chum salmon are an appropriate model for study. They have relatively simple life 

history-freshwater phase reduced to reproduction and incubation-but unlike pink 

salmon have multiple ages at reproduction. Chum salmon may be particularly responsive 

to changes in ocean conditions. They have declined in body size at age for more than 20 

years and have increased in age-at-maturaticn for more than 15 years. 

The following sections present four potential avenues for maturation research. The 

first three are directed towards developing an understanding of the energy budget of chum 

salmon and how that budget relates to maturation. The research combines field surveys to 

construct developmental profiles of chum salmon in natural environments and hatchery 

experiments to construct comparative profiles under controlled growth conditions. The 

fourth centers about the development of biological indicators of changes in ocean carrying 

capacity using life-history models. 

Survey of Energy Stores and Maturation in Chum Salmon 

Background: 

Several lines of research (e.g. Thorpe, above; Shearer, above) suggest that an 

individual's age at maturation is determined by its energy stores, measured at a particular 

season of the year. For example, one expression of this from the workshop is that in 

November if an individual's lipd stores exceed a "setpoint" of 1 0% whole body weight, 

the individual will undergo maturation during the succeeding year; otherwise not. 

An individual's energy stores reflect: 1) its nutritional history--how well it fed 

during the preceding season of growth; 2) its physical environmental history--how warm 

its environment has been; and 3) its genotype--inherited factors that influence development 

and maturation. As a result, salmonid energy stores would be expected to vary on several 

different scales: seasonal variation due to seasonal differences in productivity and 



temperature, spatial variation due to habitat differences, and individual variation due to 

genetic differences. 

Questions: 
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1. How variable is the onset of maturation of chum salmon in natural environments? 

In particular, does maturation in chum salmon follow Thorpe's model (e.g., 

maturation begins one year prior to time of spawning, thus there should be 

variation in the onset of maturation between stocks), or is the onset of maturation 

related to some other cue that may result in between stock synchrony in the onset? 

2. What is the seasonal dynamics of energy stores in chum salmon and do these 

seasonal dynamics vary annually or spatially'? 

Strategy: 

Energy stores and maturation stage of chum salmon should be measured 

throughout their marine residence period. Developmental profiles of these two variables 

will be constructed consisting of the mean and variation about the mean. The percentage 

of variation attributed to differences in stock region could then be estimated. Annual 

changes in development could be examined using samples collected from surveys that are 

repeated annually (e.g., Hokusel maru surveys). 

Whole, frozen, chum salmon should be collected during research surveys and by 

observers aboard commercial fishing vessels. Efforts should be made to collect samples 

during each season (e.g., summer, fall, etc.) and from different regions (e.g., Gulfof 

Alaska, Bering Sea). Samples would be processed for analyses of lipid levels. growth 

history, maturation stage, and stock origin. Genetic stock identification methods could be 

used to differentiate stock region. 



Longitudinal Study of Development and l\1/aturation of Mass- lW.arked Chum 

Salmon Cohorts 

Background: 
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Stocks of chum salmon vary in life-history characters including body size at 

maturation, season of spawning migration and of spawning, age at maturation, distance of 

riverine migration, etc. It is difficult, however, to compare variation of growth and 

maturation in a cohort of chum salmon with respect to variation of the biophysical 

environment because cohorts from different stocks, with different life-history characters, 

are indistinguishably mixed. Around the Gulf of Alaska chum salmon are released in large 

numbers (500 million in aggregate) from ocean-ranching hatcheries. Large proportions, 

frequently all, are marked artificially. The marks are detectable patterns in the 

microstructure of otoliths. They are placed in the fish as embryos by manipulations of 

incubation temperature. The presence of these marked stocks of chum salmon in the Gulf 

of Alaska offers the opportunity of studying identifiable cohorts of different stocks of 

chum salmon. They can be sampled at sea over a succession of seasons. Their growth and 

maturation can be monitored in the context of biophysical (hydrography, salmon 

abundance, prey fields, etc.) variation. 

Questions: 

1. How do growth and energy stores of chum salmon relate to variation in migration 

routes? 

2. Do levels of energy stores in salmon give us information on regional levels of 

productivity,) 

3. What is the correspondence between patterns in fish scales and otoliths with 

measurements of growth and energy stores? 
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4. What are the developmental and maturation characteristics of chum salmon during 

their marine residence period? How do these characteristics compare with 

developmental characteristics of pink salmon'! 

5. How do the bioenergetics, onset of maturation, and development differ among 

chum stocks with widely different maturation schedules? 

6. What level of sampling (number of survey days) and what level of marking in 

hatchery populations is necessary to define the maturation cycle? 

Strategy: 

In 1996, widespread thermal marking of hatchery chum and pink salmon stocks 

from Southeast and Southcentral Alaska will result in millions of marked fry released into 

the ocean. The thermal marks will provide a new opportunity to identifY fish from 

individual hatcheries in the ocean environment. As the marked fly develop and migrate to 

coastal waters and beyond, they will mix with unmarked fly from other regions, lowering 

the probability of encountering marked fly in a sample of fish. Nevertheless, it is possible 

that the encounter rate of marked fish will remain at significant levels resulting in the 

persistent capture of marked fish in a mixture of salmon. 

Our research approach (conditional upon the analysis of costs) would be to 

conduct a systematic sampling of salmon with a midwater trawl to locate marked pink and 

chum salmon; first as juveniles in the Alaska Coastal Current and then as immature salmon 

in the Gulf of Alaska. Surveys would start in July, when the juveniles first migrate beyond 

inside waters, and will be repeated every one to three months. Location of survey 

transects would be conditional upon the life-stage of the salmon. While juveniles, the 

surveys would consist of a series of transects perpendicular to the coast and extending to 

just beyond the shelf As the fish mature and migrate westward around the Gulf of 

Alaska, the surveys would likewise extend westward. Survey effort would be enhanced by 

collaboration with Japanese, Canadian, and Russian cruises within our study area (study 
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area is defined as the distributional range of thermally marked pink and chum stocks from 

the northern Gulf of Alaska). 

All salmon would be sexed, measured, and frozen for laboratory analyses. Otoliths 

would be examined to identifY thermally marl~ed and unmarked salmon. Unmarked 

salmon would be processed for stock identifi\~ation analyses. Marked salmon would be 

separated for detailed laboratory analyses. Growth rate would be measured from scales (if 

present) and otoliths; energy stores would be measured from fat content; diet would be 

determined by stomach content analyses and by fatty acid analysis; and maturation levels 

would be determined from gonad development or from blood tests. 

Growth patterns of fish captured during the surveys would be examined from 

scales and otolith measurements. Within stock variation of the growth patterns would be 

analyzed using multivariate statistical methods. In the one to three years following the 

field work, we would collect scales and otoliths from hatchery returns of the thermally 

marked fish captured during the field surveys. Growth patterns from the returning fish 

would be compared to the growth patterns measured from the field surveys to examine the 

influence of particular life-history characteristics on the final development of the fish. 

Two stocks of chum salmon would be spawned in a hatchery, reared until 

maturity, and periodically measured for lipid stores, growth, and maturation. These data 

would be used to develop a profile of development and maturation of chum salmon under 

controlled growth conditions. Additional information on the hatchery experimental design 

is given in the project entitled "Reaction Norms of Maturation in Chum Salmon". 

Growth and energy stores would be compared among salmon, especially with 

respect to ocean distribution. Ocean productivity would be measured using a combination 

of SEA WIFS ocean color data, hydroacoustic data, and plankton tows. Maturation stage 

of thermally marked chum salmon would be assessed and related to time of year, stock, 

ocean distribution, growth, and energy stores. Hatchery fish would be repeatedly sampled 

to build a bioenergetic model of development and maturation of chum salmon, which 

would then be used to interpret developmental data from the field surveys. 
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Reaction Norms of lWaturation in Chum Salmon 

Background: 

Chum salmon populations vary in ave ~rage age of maturity, generally increasing 

with latitude. This may reflect evolved, adapted variation between stocks-high latitude 

stocks have adapted to colder, less nutritious, environment and are genetically different 

from low-latitude stocks such that they mature at an older age and hence at a larger and 

more reproductively fitter size than they otherwise would do. On the other hand the 

latitudinal cline, the variation of age of matu.ity may reflect the plasticity of a uniform, 

common, genome. Chum salmon spawning at high latitudes may be older because in the 

colder, less nutritious, environment they don't grow fast enough to mature at younger age. 

The relationship between age, length, genotype, and sexual maturation takes on a 

number of forms in fish populations. When growth is poor, some fish mature later at a 

smaller size, mature later at the same size, mature later at a larger size, or mature earlier at 

either a smaller or larger size. These responses can be characterized as species specific 

reaction norms for age, size, and maturation. A norm of reaction is defined as the range of 

potential phenotypes that a single genotype could develop if exposed to a range of 

environmental conditions. 

Questions: 

1. What is the shape of the norm of reaction curve for age and size at maturity of 

chum salmon? 

2. How do the reaction norms vary between stock and/or genotype? 

3. Ignoring genetic variation, how does the general shape of reaction norms vary 

between species? 

4. What do the reaction norms tell us about the life-history strategy of salmon? In 

particular, how do these norms fit predictions given by the SteamslKoella model? 
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Strategy: 

Chum salmon would be spawned in a hatchery, and reared in salt-water net pens 

until mature. Experimental design would consist of two chum salmon stocks (one of 

which would be from an intertidal spawning population and the other from a far migrating 

upriver population), two rearing locations (e.g., Auke Bay and Osprey Bay), family 

identification (by pit tag) for each surviving juvenile, and four feeding levels once the fish 

are transferred to salt-water pens. 

A percentage of the rearing fish would be sacrificed periodically to measure lipid 

stores, maturation stage, and growth rate. Maturing fish would be extracted from the 

pens, identified (by querying the pit tag), and measured for age, length, and weight. 

Reaction norms would be plotted by genotype and tested for effects of rearing location, 

family history, and stock. Shape of reaction norms would be evaluated in context oflife

history models such as the StearnslKoella model. 

A literature review should be initiated to develop a database of size at maturation 

age for widely separated (geographically) stocks of pink, sockeye, and chum salmon. 

These data would be plotted and analyzed to identity generalized species-specific reaction 

norms for the relationship between age, size, and maturation. Chum salmon maturation 

data should also be examined for geographical patterns in size and age at maturation. 

Geographical Analyses of Annual Variation in Maturation Schedules of Chum 

Salmon [Test of the Charnovian model of patterns in Beverton-Holt invariants! 

Background: 

Charnov's model "predicts that the product of weight-specific fecundity and age at 

maturity should be constant." This constant should be affected by climate change and by 

crowding or food competition at sea, and thus serve as a possible measure of the effect of 

these processes on salmon life-histories. The constant would also represent a model 

system for developing additional biological indicators of change in ocean carrying capacity 
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or climate, based on the Beverton-Holt invariants." (Bob Fagen, Life-History Models a 

literature review, with particular emphasis on salmonids. Ms. 29 pp.) Application of 

Charnov's model would require a complete investigation of chum salmon life histories over 

the entire range of the species, in which these two parameters were measured along with 

size at maturity and growth rate. 

Questions: 

1. Are annual changes in maturation age, size, and fecundity similar among stocks 

from the same region with presumably similar ocean migrations? 

2. What is the spatial scale of correlation between stocks in trends of size, fecundity, 

and maturation? Does this spatial scale correspond to any similar scaie of variation 

in the ocean environment? 

3. Is the product of size-specific fecundity and age at maturity a constant for chum 

salmon? 

Strategy: 

Our approach would be to collate all available medium to long term (at least 15 

years) data sets of chum salmon escapements and age structure. Possible data sources 

include various river systems surveyed by the Alaska Department of Fish and Game, rack 

returns at hatcheries, and chum salmon data collected by various agencies. Efforts would 

also be made to collate data from other regions and countries. Special attention would be 

given to locate data sets with size-specific fecundity data to test for invariance in the 

product of fecundity and maturation. 

The primary analysis would be a pairwise comparison of maturation schedules 

between stocks to compute the similarity of changes in maturation between stocks. 

Similarity measures would include correlation coefficients, analyses of outliers, and trend 

patterns. The pairwise data would be used to develop regional and inter-regional 

measures of the similarity in maturation. The temporal and spatial scales in the similarity 
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of maturation schedules would be compared with oceanographic and atmospheric data to 

identifY environmental processes operating 01 the same scale as the biological ones. 

Trends in body size and escapements, when cyailable, would also be compared with the 

trends in maturation. 
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