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ABSTRACT

THE ROLE OF SEXUAL SELECTION IN DETERMINING OVERALL
MATING PATTERNS AND MATE CHOICE IN CHUM SALMON

By Steven L. Schroder

Chairperson of the Supervisory Committee: Professor Ernest L. Brannon
College of Fisheries

The influence of sexual selection on overall mating patterns and

mate choice in chum salmon demes was examined by observing fish in an

experimental stream and viewing chamber. Males remained sexually active

throughout most of their spawning ground residency (~ 10 to 14 days)

while females often finished spawning within two days after establishing

a territory. Consequently, the Operating Sex Ratio (OSR) in most spawn

ing communities is skewed in favor of females. Such skewed sex ratios

strongly affect overall mating patterns. When the OSR within •a deme was

< 1, every male was successful. However, as OSR values increased only

the strongest or largest males spawned successfully.

To circumvent this type of intrasexual competition subdominant

males positioned themselves downstream of mating pairs and attempted to

“steal” fertilizations. At low OSRs the occurrence of such “satellite”

males was close to zero but it rose asymptotically to 20% at higher

OSRs. The nunier of satellites associated with a pair remained rela

tively constant (1 to 2) at the OSRs examined. However, the percentage

of pairs within a deme accompanied by satellites increased in a linear

fashion as male competition for females escalated. Gametic success of



satellite males as measured by electrophoresis showed that satellite

males may fertilize 20 to 25% of the eggs deposited during a spawning.

Socially dominant males usually had vertical bars while subdominant

ones and females generally possessed a single horizontal stripe. Video

tapes made of single pairs revealed that females were 11awar&’ of both

the color pattern and relative size of their consorts. When courted by

relatively Hsmallu males or those with stripes females slowed down nest

construction.

Intrasexual competition for egg burial sites occurred when < 1.66

m2 of spawning area was available per female. The size of a female did

not influence her ability to successfully establish a territory. Terri

tory size was influenced only by the number, and not the size, of terri

torial females within a spawning community. Generally the greater the

competition for space the smaller the area a female could successfully

hold.

Males did not find large females more uattractiveu than small ones.

However, they preferred females that were engaged in nest digging over

those that were quiescent or guarding their nests. Apparently, the

impossibility of predicting the number of eggs a female will deposit,

the size of those eggs, the quality of the subsequent young, and the

costs incurred by being selective (time lost by searching) have forced

males to adopt the strategy of attempting to fertilize as many eggs as

possible.



Since females exhibited a behavioral preference for relatively

large mates, three artificial crosses were made to determine if paternal

traits could be linked to early progeny performance. The families pro

duced from these crosses did differ in their viability, growth rates,

etc., but none of these differences could be associated with any observa

ble paternal traits. One possible explanation for the observed feminine

preference is that within the genus Oncorhynchus males tend to mature at

the same age as their fathers. Consequently, by mating with large and

presumably old males a female increases the probability that her sons

will have greater access to females than if she were nonselective.

Unlike several other studies dealing with mate selection in Pacific

salmon I did not observe an innate preference for similar appearing

mates. Instead, pairing in this species is based upon the outcomes of

masculine intrasexual competition and feminine epigamic selection.
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CHAPTER I. INTRODUCTION

The reproductive activities of Pacific salmon (Oncorhynchus spp.)

have fascinated investigators for almost a hundred years. Yet, at pres

ent little information is available regarding the mating systems and

sexual preferences occurring in breeding aggregations of these fishes.

Clearly, the pattern of mate selection within a breeding population of

salmon is a reflection of many individual choices made by males and

females. To fully understand why salmon select mates the way they do,

we have to link this behavior with their potential fitness; i.e., how

does mate choice influence an individual’s ability to perpetuate its

genes.

Two processes are involved whenever mate choice occurs, species

identification, and intraspecific mate selection. I have concentrated

on the second; how and why mates are chosen within breeding aggregations

of chum salmon (0. keta). Who spawns with whom is basically determined

by the balance existing between intrasexual and epigamic selection, the

two components of sexual selection. This balance can be affected by the

mating system existing within each breeding population. In this sec

tion, I define mating systems and discuss the environmental and phyloge

netic factors that influence their existence. Secondly, I discuss the

roles that sexual preferences and intrasexual competition play in mate

choice. Next, mating patterns and mate choice are differentiated from

one another. Finally I review two previous studies dealing with mate
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selection in salmon and present questions arising from these studies.

The remainder of the dissertation deals with their solution.

Operational Definitions of Polygamy,
Monogamy, and Promiscuity

Mating systems may be thought of as general behavioral strategies

used to acquire mates and produce young. Each strategy is defined by

how mates are obtained, the number acquired per season, the absence or

presence of pair bonds, and how each sex takes care of its young (Emlen

and Oring 1977). Polygamy and monogamy are the two basic mating strate

gies available to diploid animals (Emlen 1973; Wilson 1975). Polygamy

occurs when one or both sexes obtain more than one mate, either simul

taneously or in succession during a breeding season. I identify three

types of polygamy; polygyny, where males acquire multiple mates; poly—

andry, where females do; and multiple polygamy where both sexes obtain

more than one mate (for a detailed ecological separation of polygamy,

see Emlen and Oring 1977). Each type of polygamy can be further defined

by whether prolonged pair bonds occur between the mated pairs. If the

pair bond does not continue beyond copulation then the sexual relation

ship between the male and female is promiscuous (Emlen 1973). In prornis—

cuous and nonpromiscuous polygamy one sex usually protects and sometimes

nourishes the young if parental care is required. Two types of monogamy

have been identified; obligate and faculative (Kleiman 1977 as cited by

Rails 1977). In obligate monogamy both sexes tend the young and thus a

permanent pair bond exists at least through the rearing of one brood

(Emien 1973; Wilson 1975).. In facuiative monogamy the relationship
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between the sexes is promiscuous but only one mate can be acquired

because of environmental or phylogenetic factors.

The Influence of Phylogenetic and Environmental
Factors on Mating Systems

Two factors will influence the type of mating system that will

occur in a breeding population. Certain phylogenetic propensities,

besides anisogamy, will tend to promote the occurrence of polygamous

mating systems. For example, tendencies to reduce parental care either

by the production of young that are entirely self—sufficient or nearly

so (most fishes, amphibians, arthropods, lower invertebrates, and the

majority of birds with precocial young), or the predisposition of one

sex to assume most of the parental care (e.g., mammals) will sometimes

allow one and rarely both sexes a chance to remate. Additionally, short

periods of courtship (promiscuity) and prolonged periods of sexual acti

vity in one or both sexes will also provide the animals with time to

search for additional mates (Emlen and Oring 1977; Wilson 1975; Trivers

1972; Orians 1969). By themselves, such predispositions will not lead

to polygarr~’, but merely make it easier for one or both sexes to capital

ize on the “polygamy potential” of their breeding environment (Emlen and

Oring 1977).

The polygamy potential in any environment depends “...on the degree

to which multiple mates, or resources critical to gaining multiple

mates, are economically defendable” (Emlen and Oring 1977, p. 215).

When important resources (food, nest sites, etc.) are evenly distributed

there is little opportunity for resource monopolization. Members of the
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breeding aggregation will tend to disperse and consequently the oppor

tunities for acquiring multiple mates will be low. On the other hand,

if such resources are highly clumped the “polygamy potential” may be

high, for some individuals might be able to control higher quality or

larger portions of the needed resources (Emlen and Oring 1977).

The benefits (in terms of potential fitness) derived from defending

a resource are associated with the temporal arrival and sexual receptivi

ty of potential mates. If, for example, all the females in a population

become sexually receptive at once and for a short period of time, then

the likelihood of a male monopolizing more than one female becomes very

small. This occurs because by the time a male locates a female and

inseminates her eggs, few additional partners would be available (Emlen

and Oring 1977). Conversely, if female arrival were more prolonged and

males were to remain sexually active during this period, then opportuni

ties for multiple mate monopolization would increase (Emlen and Oring

1977).

Other environmental factors, such as super abundance of renewable

food (Orians 1969; Verner and Willson 1966; Verner 1964) and heavy preda

tion at breeding sites (Orians 1969; Wilson 1975) have also been sug

gested as increasing the probability of polygan~y. The important point

is, that as environental conditions change, the economic feasibility of

certain behavioral strategies also shift. This means that different

mating systems may occur in separate populations of the same species

(Emlen and Oriftg 1977).
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Sexual Selection: The Distinction Between
Epigamic and Intrasexual Selection

Darwin felt that sexual selection possessed two distinct compo

nents, one was concerned with the “power to conquer other males in

battle” (intrasexual selection) and the other (epigamic selection) with

“the power to charm the females” (Huxley 1938; Fisher 1958, Wilson 1975;

Mayr 1976). Both of these operational definitions have been slightly

revised since Darwin first proposed them, but field data have supported

their importance in animal populations. Yet, in practice it is usually

difficult to separate the impact each may have on mate choice since

attributes that “charm” one sex may repulse the other.

Intrasexual Selection

Intrasexual selection takes place when members of the same sex

attempt to nullify previous matings by sexual rivals, exclude one

another from mates, or from resources essential for successful repro

duction. Both sexes engage in this type of competition and it may occur

before and after copulation. Wilson (1975) has suggested that four

types of precopulatory competition exist——competition in finding mates,

excluding others from territories, obtaining dominance in permanent

social groups, and obtaining dominance during courtship. Even after an

individual successfully copulates, intrasexual competition can still

occur. Sperm competition (external fertilizers) and displacement

(internal fertilizers) may happen, abortions can be induced (e.g., the

so called “Bruce” effect in mice) and offspring may be killed (Wilson

1975). Various strategies have evolved to prevent this kind of genetic
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usurpation. Males may insert mating plugs or place repellents on their

mates. Other species have prolonged periods of copulation, or “passive

phases” where one suitor guards a mate by staying attached or in close

proximity to it. (Wilson 1975; Abele and Gilchrist 1977).

In polygamous mating system, intrasexual competition will play an

important role in determining mate choice and mating frequency. The

intensity of intrasexual competition can be assessed by dividing the

quantity of the limiting resource (mates, territories, etc.) by the

number of individuals competing for it. An important ratio of this type

is the number of sexually active males to fertilizable females. This

Operating Sex Ratio (Mathisen 1955; Potter 1976a and 1976b; Emlen and

Oring 1977) reflects any imbalances in a population that may lead to

intrasexual competition. The more skewed the Operating Sex Ratio the

greater the variance in the reproductive success of the “limited” or

competing sex. However, competition among members of the same sex for

mates or for resources that will attract mates is only one half of

sexual selection.

Epigamic Selection

Epigamic selection (Huxley 1938) can also influence mate choice in

monogamous mating systems and in polygamous ones when the Operating Sex

Ratio is not heavily skewed. Such selection occurs when one or both

sexes choose their mates among many alternates on the basis of showiness,

athletic prowess or the possession of other specific characteristics

(Emlen 1973; Willson 1975). These phenotypic traits may not be
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universally desirable, i.e., different individuals within a breeding

population may have dissimilar mate preferences.

Who Should Be Choosy. In most species mate choice falls primarily

on the female because the cost of making a mistake (infertile of nonvi

able offspring) is much higher for her than it is for a male (Emlen

1973; Mayr 1976). This occurs because sperm is less costly (per gamete)

to produce than eggs or maternal care. Thus females should be choosy

about selecting their mates when they provide their young with large,

nutrient—rich eggs or spend time and energy in tending them (Orians

1969; Emlen 1973; Alcock 1975; Williams 1975). This imbalance in the

parental investment’ ledger has caused males and females to evolve

different behavioral strategies while attempting to maximize their

genetic fitness (Triver 1972; Williams 1975). Williams (1975) suggests

that in most species, males should take the active role in courtship,

have an inclination towards promiscuity, be less discriminating toward

possible mates than females, and be antagonistic toward potential sexual

rivals. In essence, the optimal male strategy is often to fertilize as

many eggs as possible. Consequently, males are usually subjected to

both types of sexual selection to a much greater extent than females

(Emlen 1973).

1Trivers (1972, p. 139) has defined parental investment”.., as any
investment by the parent in an individual offspring that increases the
offspring’s chance of surviving (and hence, reproductive success) at the
cost of the parent’s ability to invest in other offspring. So defined,
parental investment includes the metabolic investment in the primary sex
cells (and also) refers to any investment (such as feeding or guarding
the young) that benefits the young. It does not include effort expended
in finding a member of the opposite sex or in subduing members of one’s
own sex in order to mate with a member of the opposite sex...”
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The only genetic advantage a female would obtain by having her eggs

fertilized by more than one male would be to increase the genetic diver

sity of her offspring. But as Williams (1975) points out, nearly all

the genetic diversity possible from sexual reproduction can be obtained

by mating with just a few males. Thus females are usually less con

cerned about the quantity of mates they acquire than about the quality

of the males that fertilize their eggs (Fisher 1958; Williams 1975).

Types of Mate Choice and Their Possible Origins. Theoretically a

female should choose only males of her own species that are mature and

sexually competent. Moreover, she should prefer males that have demon

strated they can survive (older over younger males), reproduce (healthy

over sickly or undernourished ones), and who possess genes that comple

ment her own. In those species where paternal care occurs additional

factors relating to the willingness and ability of the male to provide

care will also be important (Trivers 1972).

Frequency—dependent mate choice. Field and laboratory studies

have shown that subtle female preferences occur in many animal species

(Trivers 1972). Mates can be chosen on the basis of phenotype rarity or

novelty. Such frequency—dependent mating has been observed in insects,

e.g., Drosophila spp. (Ehrman 1966, 197Oa, 197Ob; Spiess 1968; Petit and

Ehrman 1969), Tribolium castaneum (Shinnock 1970), and Mormoniella

vitripennis (Grant et al. 1974) and in several vertebrate species, e.g.,

the guppy (Poecilia reticulata) (Farr 1977) and the Greylag goose

(Lorenz as quoted by Ehrman 1966).
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The behavioral mechanism permitting this type of discrimination is

most likely habituation (Ehrman and Spiess 1969). Farr (1977) presents

data showing that female guppies become less receptive to sexual advances

when the male possesses a frequently seen color morph. Thus when a fe

male is confronted by a “novel” appearing conspecific male she is more

likely to accept him as a mate than one with a more commonly seen color

pattern. A similar type of mechanism probably is responsible for the

“rare male advantage” in Drosophila populations. In this case females

become habituated to prevalent pheromone odors rather than color patterns

(Averhoff and Richardson 1975).

It has been hypothesized that the ultimate factor responsible for

frequency-dependent mate choice deals with the genetic diversity of the

offspring. If a female mates with a novel appearing male (assuming she

is of the prevalent type) the likelihood that she shares many genes in

common with her mate should be small. Consequently, her offspring will

have a greater amount of genetic diversity than they would under random

mating (Farr 1977). Such genetic heterozygosity allows for a great deal

of genetic flexibility and is adaptative under some circumstances (Ayala

et al. 1974).

Disassortative mate choice. In some instances females may

choose their mates in a disassortative fashion. This occur when females

prefer males that differ from them in one or more phenotypic traits, but

do not base their decisions on the rarity of the male phenotype. Sexual

preferences of this type have been observed in mammals (Yanai and



10

McClearn 1972, 1973a, 1973b), birds (Lowther 1961; Jehi 1970), fish

(Borowsky and Kallman 1976), and in several species of insects (Sheppard

1952; Wallace 1968). Sometimes such choices are based on imprinting as

Yanai and McClearn (1972, 1973a) demonstrated in the mouse (Mus musculus

domesticus). However, in most cases the behavioral mechanisms employed

by the female are unknown. By choosing mates in this manner the genetic

heterozygosity of a female’s offspring is again greater than that which

would occur if mate choice were random.

Assortative mate choice. The propensity for females to prefer

males possessing phenotypic traits similar to themselves also occurs.

Like the other types of female preference previously discussed, assorta—

tive mate choice can be based on discrete (e.g., deafness in humans,

color, odor, etc.) or continuous phenotypic traits (weight, length, and

so on). Cooke et al. (1972, 1976) showed that snow geese (Anser

caerulescens) having similar color patterns preferentially mated with

one another. They found that such choices occurred because the young

imprinted on the plumage color of their parents and siblings. Midas

cichlids (Cichlasoma citrinellum) with similar color patterns also tend

to form pairs (Barlow and Rogers 1978). Here it was found that female

choice was influenced by her parents’ color, her own color, and possibly

by male behavior. In these instances, and many others (see Lill, 1968a,

1968b; Wilson 1975) the original, if not the present purpose of assorta—

tive mate choice is most likely to prevent genetic introgression.
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Another possible explanation for assortative mate choice is that

copulation and subsequent fertilization is enhanced when certain size

ratios exist between mated pairs. In the American toad (Bufo amen—

canus) females were observed selecting males slightly smaller than them

selves (Licht 1976). The call notes of the males reflect their size and

apparently females discriminate among them on this basis. Evidently, an

optimum size ratio between the pair is needed to ensure successful am-

plexus. A preference for mates with similar body size was also observed

in the pupfish (Cyprinodon sp.) by Kodric—Brown (1977). In her study

evidence is presented that indicates neither male preference nor intra—

sexual competition among females for males possessing “good oviposition”

sites were responsible for this phenomenon. Kodric—Brown speculates

that size selection of mating partners in fishes may occur because it

allows the spawning sequence to progress smoothly and possibly prevents

injury to females from larger, sexually aggressive males. Additional

examples of this type of female preference can be found in other species

as well (e.g., see Parsons 1965, 1967).

Large body size. Large males may be preferred by females even

when they do not possess territories or provide any kind of paternal

care to their offspring. Such males are older or have faster growth

rates and both are signs of vigor and perhaps of a superior genotype.

Old age is post facto evidence of survival value while rapid growth is

advantageous in both larval stages and in attaining early maturity

(Wilbur et al. 1978). Additionally, if there is a positive correlation

between fecundity and female body size (e.g., in many fishes and
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amphibians), a female should choose a male that will confer a large body

size on her daughters. Moreover, her sons would also benefit since

large size would give them a mating advantage over smaller rivals

(Wilbur et al. 1978). Likewise, males should also prefer large females

in these species because they possess more and possibly larger eggs

(Williams 1975).

Social status. A female may also maximize the probability

that she will produce offspring of high quality by choosing males LhaL

have demonstrated their ability to survive and accrue resources (Trivers

1976). High ranking males have probably illustrated their superiority

in both of these categories by simply dominating their rivals. There

fore, in some cases females may use the social position of a male as a

basis for mate choice. There are four ways in which male status might

be detected. First, in some species certain color patterns are associ

ated with dominance. For instance, high ranking males are black in the

Gila top minnow (Poeciliopsis occidentalis), dark blue in pupfish and so

on (Constantz 1975; Kodric—Brown 1977). Second, in almost all the spe

cies that form leks, a few territories can only be held by the most domi

nant males within a particular breeding population. Hence, by assessing

the location of a male, a female can discern his relative social status

(Wilson 1975). Third, in some species only dominant males can perform

particular types of motor activities. For example., in spawning popula

tions of the Fallfish (Semotilus corporalis) a few dominant males dig

shallow depressions in a streambed. After the males finish digging they

search the surrounding substrate for stones which they place into their
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newly created nests. Gravid females and subordinate males cluster

around these sites while nest construction takes place. But the females

will only spawn in these areas when the dominant male deposits a stone

or rushes over the gravel mound of his nest (Ross and Reed 1978).

Fourth, a female can determine a male’s social status by activating any

existing dominance hierarchy. Cox and LeBoeuf (1977) describe how this

occurs in elephant seals (Mirounga angustirostris). This species has

breeding aggregations consisting of many females guarded by several

large bulls or “beachmasters.” Weaker or younger males station them

selves at the peripheral edges of these “harems” and attempt to mate

with any females that become available. Females, while in early estrus,

physically and vocally protest any attempt at copulation. This protest

behavior “literally wakes up sleeping males” and prompts them to compete

among themselves to copulate or prevent other males from copulating with

the female. By this mechanism females are usually assured of mating

with the “best” male in the harem. Additional examples of this behavior

are provided by Cox and LeBoeuf and they further suggest that female

incitation of male competition should commonly occur in many polygamous

species.

Other forms of mate choice. Lastly, the performance of

courtship movements such as dances or other displays (Wilson 1975) and

the brightness or form of the breeding dress (Noble 1938; Huskins et al.

1961, as cited by Gandolfi 1971) have also been mentioned as other char

acteristics a female may use to discriminate among potential mates. To



14

help visually conceptualize all of the various types of mate choice

mentioned I have diagrammatically illustrated th~ in Fig. 1.

The Difference Between Mate Choice and Overall Mating Patterns. The

above observations indicate that the number of mates chosen is influ

enced by environmental and phylogenetic factors, while who is chosen is

usually affected by sexual selection. However, the simple resemblance,

dissimilarity, etc. of phenotypic traits among mated pairs do not by

themselves reflect how choices are made. For instance, the reasons that

members of a pair may resemble one another may have nothing to do with a

female or male preference for phenotypically similar mates. Instead,

temporal, spatial, and mechanical isolation, incidental phenotype simi

larity, intrasexual competition, and similar genetic backgrounds among

the mating individuals may cause an assortative mating pattern.2

2There is some confusion as to what assortative, disassortative,
frequency-dependent, random, and other mating patterns and choices repre
sent. I feel that an assortative mating pattern occurs when individuals
with similar phenotypes form pairs regardless of how this happens. On
the other hand, assortative mate choice only occurs when individuals
prefer similar appearing mates. This distinction is also applicable to
the other types of mating patterns and choices mentioned above. Popula
tion geneticists add one more restriction to these definitions. They
feel that an assortative mating pattern only occurs when the gene but
not genotype frequencies in the parental and offspring generation remain
the same after mating (Taylor 1975). When both gene and genotype fre
quencies are similar, then mating has been random. If a change in the
gene frequency does occur then mating has been selective. There are
probably very few populations where selective ma~jj~ does not occur.
Nevertheless, the heuristic value of a term like assortative mating is
great enough to use it without this last restriction. Thus, no genetic
connotations are implied when I call a mating pattern assortative, dis—
assortative, and so on.
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For instance, breeding pairs in the marine snail Olivella biplicata

are usually the same size (Edwards 1967). Yet, female preference or

male intrasexual competition apparently do not play a major role in caus

ing this assortative mating pattern. Large and small snails are active

at different times of the day (nocturnal vs diurnal) and occupy separate

intertidal areas (upper vs lower zones). Moreover, in those few in

stances when small males do make contact with large females, they are

often mechanically incapable of copulating with them (Edwards 1967). A

slightly different example is provided by Perron&s (1978) study of

Cichlasoma maculicauda. In this species of fish, females tend to pair

with males slightly larger than themselves. Perrone found that females

preferred large males because: 1) they provide better nesting sites;

and 2) while the pair guard their foraging young, large males can domi

nate smaller conspecifics at feeding sites. This means that if food is

a limiting factor the young of a large male will grow more rapidly than

those of a small one. Rapid larval growth allows each adult to mate

more often and also shortens the period of time the young are suscepti

ble to predation (Perrone 1978). Additionally, Perrone showed that

males preferred large females as mates because they possessed more eggs

than smaller ones. Thus, in this species both sexes prefer large mates,

not similar—sized ones. Consequently, in breeding aggregations the

larger males and females generally form pairs, leaving the next largest

to pair and so on. Finally, Crow and Felsenstein (1968) suggest that

assortative mating patterns may occur in animal species that commonly

have subdivided populations (e.g., Pacific salmon). Members of such
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populations usually share a common ancestry and thus are phenotypically

similar to one another. So even if mating were random, the likelihood

of phenotypic similarities between individuals comprising a pair would

be high.

Mating Patterns in Spawning Populations of Pacific Salmon

Two papers (Painter. 1962; Hanson and Smith 1967) have attempted to

quantify the phenotypic relationships that may exist between fish form

ing pairs in Pacific salmon. Both investigations examined spawning

populations of sockeye salmon (0. nerka) native to North American

streams. The results of these studies were similar and revealed that

the fish mated in an assortative fashion.

Painter’s study took place on two small streams draining into

Karluk Lake, Kodiak Island. He removed pairs by gaff hook and measured

their body lengths. Correlation analyses performed on these data

(stream one: r=.540, r2=.290; stream two: r=.424, r2=.180; v=38 in

both cases) were significant (c~.O5) and indicated that males and females

with similar body lengths generally paired with one another. However,

not enough behavioral data were provided that could help explain how

this mating pattern had occurred.

Hanson and Smith’s investigation was more extensive. During two

spawning seasons adult salmon trapped at the entrance of Four Mile Creek

(Babine Lake, British Columbia) were marked with distinctive tags that

reflected their length and sex. The fish were then released into the

stream or placed into “pens” (fenced portions of the stream) where
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observations were made to determine who paired with whom. The results

of chi-square analyses showed that fish with similar lengths preferen

tially paired with one another. However, a lack of statistical indepen

dence might have invalidated some of their conclusions.

Reproductive Strategies of Male and Female Salmon

Before the origins of any mating pattern can be determined some of

the basic biology of the animal has to be known. Pacific salmon have

been studied extensively and it1s recognized that they are generally ana—

dromous, semelparous and lithophilic fishes. They have short (<8 yr)

but often complex life histories and are noted for their ability to

migrate back to their natal streams to spawn. Fertilization is external

with one or more males spawning simultaneously with a female. The

females produce a few nutrient—rich eggs (often >1000 <10,000) that are

usually buried in two to seven gravel nests collectively referred to as

a redd. Each embryo relies on the nutrients of its egg for several

months,eventually emerging from the substrate as a fry, ready to con

tinue the freshwater portion of its life cycle.

Detailed descriptions of spawning behavior have been presented by

many investigators (e.g., Kuznetsov 1928; Schultz et al. 1935; Briggs

1953; Mathisen 1955; Hanson and Smith 1967; McCart 1970; Schroder 1973;

Tautz and Groot 1975). These studies indicate that male and female

salmon behave differently and that •these differences are consistent

throughout the genus. Figure 2 illustrates the basic reproductive

pattern for each sex. After females reach maturity they have to
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complete three tasks to be reproductively successful. They must 1) lo

cate an appropriate spawning territory and construct nests within its

boundaries, 2) mate, and 3) defend their nest sites and buried eggs from

dislodgement by competing females. Thus, except for an initial searching

period females tend to remain over one area of a spawning ground until

they die. Males on the other hand, are not bound to any portion of the

stream bed and can move from one female to the next after egg fertiliza

tion has taken place.

Consequently, only under unusual

mous. Polygamy occurs because 1) the

females do not become sexually active

spawning ground over a period of time

defendable resource, 4) males appear

longer periods of time than females,

care, and 6) the young are basically

tions both types of sexual selection

choice.

conditons will salmon be monoga

sexual bond is promiscuous, 2)

synchronously, but arrive on a

3) sexually active females are a

to be reproductively active for

5) only females provide parental

self-suffi ci ent. Under these condi —

can play important roles in mate

The flow diagram (Fig. 2) indicates that intrasexual selection may

potentially occur in two areas: 1) among females while they seek out

and defend their territories, and 2) among males while they search for

females and defend them against potential sexual rivals. Epigamic selec

tion is also expected since females invest heavily in their offspring

and therefore, should be choosy about whom they mate with. Moreover,

positive correlations between female size and egg number have been
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observed in Oncorhynchus and thus males may prefer large females over

smaller ones. Other types of male preference may also exist.

Some Unanswered Questions

The behavioral observations made by Hanson and Smith (1967) sug

gested that sexual selection was responsible for the overall assortative

mating pattern they observed. However, I feel that both Painter’s

(1962) and Hanson and Smith’s (1967) investigations left an array of

basic questions unanswered. My 4-year study of spawning chum salmon and

their subsequent progeny was an attempt to answer these questions, i.e.,

1) Will overall assortative mating patterns consistently manifest

themselves in chum salmon demes as they apparently have in

breeding populations in sockeye salmon?

2) How important is each component of sexual selection in mate

choice and does their relative importance change under differ

ent conditions?

3) Do male and female chum salmon exhibit preferences for mates

possessing certain physical or behavioral attributes?

4) If such preferences exist how do they potentially increase the

inclusive fitness of an individual?

5) How has sexual selection influenced the reproductive strate

gies of male and female chum salmon?

In the next section I provide details on each of these general questions

and describe the experiments used to answer them.



CHAPTER II. BACKGROUND INFORMATION AND EXPERIMENTAL DESIGN

Experimental Fish

The experimental animals were collected from Big Beef Creek, a

typical Pacific Northwest stream that empties into the east shore of

Hood Canal (Kitsap County, Washington State). Three runs of chum salmon

migrate into the stream over a 5-month time period. The “early” run

arrives in September and October and usually breeds in the lower 0.8 km

of the stream (Koski 1975). The “middle” run enters Big Beef Creek in

mid-November and December and most of the fish migrate upstream several

kilometers or more (<7) before spawning. The “late” run consists of a

few (usually <50) small and often silvery fish that reproduce in the

lower reaches and upper intertidal areas of the stream in December and

January. Data that would have differentiated fish originating from the

middle and late runs were not recorded and thus these fish will be col

lectively referred to as the late run (after Koski 1975). Generally the

fish are mature and spawning commences within several days (often hours)

after their appearance in the stream (additional information about these

fish and the Big Beef Creek watershed can be found in Cederholm [1972]

and Koski [1975]).

Fish Trapping and Observation Facilities

As the fish migrated into Big Beef Creek they were captured in one

of two traps located at the mouth of the stream and examined as previ

ously described by Schroder (1973) and Koski (1975). Each fish was anes

thetized with MS-222 (tricaine methane sulfonate), sexed, examined for
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maturity, weighed on a spring balance (to the nearest 28 g), measured

(tip of snout to fork in tail in millimeters), and aged by scale analy

sis using methods described by Koo (1962). They were then either

released back into the stream, artificially spawned, or trucked 400 m or

less and placed into an experimental stream (controlled—flow spawning

channel) or a viewing chamber. The fish that were introduced into the

experimental stream were tagged with large (3—cm dia) color—coded

Petersen disks numbered from 00 to 99, so that individual fish could be

identified and observed.

Experimental Stream

The experimental stream is located on a side branch of Big Beef

Creek and is part of the University of Washington’s Big Beef Creek Fish

Research Station. It is 183—m long by 6.1—m wide and is subdivided by

wooden walls into three parallel subchannels. Two of the subchannels

(“A” and “B”) are 1.52—rn in width while the third (“C”) is 3.0—rn wide.

Wooden pickets can be used to divide each subchannel into sections with

varying lengths. During 1974 through 1976 I placed chum salmon into sec

tions of subchannel “C” (3.05 m x 15.24 m) and observed mate selection

under a variety of spawner densities and sex ratios. Each section had a

.025% gradient (.25 m/100 m), a substrate of stream gravel (0.8 cm

through 6.75 cm in dia) 75 cm in depth, and a black polyethylene wall

that was 3 m in height. Viewing ports were cut at eye level along the

length of the wall so that the fish could be observed without disturbing

them. Water depth was usually 30 cm and velocity 22.5 cm/sec, but occa

sionally high tides reduced the water velocity to zero and increased the
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depth to 1 in or more. These effects did not last for more than several

hours nor did they appear to influence the fish. While the adults were

in the spawning channel, surface water temperatures ranged from 13.9 to

2.2°C (1974: 13.9 to 5.6; 1975: 13.8 to 3.8; 1976: 11.7 to 2.2), and

dissolved oxygen concentrations (as detennined by a YSI Model 54 oxygen

meter) were near saturation at all times. Further details concerning

the construction, design, and additional uses of the experimental stream

can be found in Reall (197?), Schroder (1973 and 1977), Koski (1975),

and Duker (1977).

Viewing Chamber

In 1974, the upstream end of the experimental stream was developed

into a viewing chamber so that observations on single pairs of chum sal

mon could be made. The chamber is composed of three parts, a concrete

well (1.7 m x 3.3 in x 2.4 in) that is equipped with both horizontal (1 m

x 1 m) and vertical (1 m x 1.5 m) windows, a 1.8—m x 3.3-m x 2.8-m stor

age house above the well, and a 3.05-m x 3.05-m gravel bed (Fig. 3).

The bed is bordered on two sides by concrete walls and consists of a

layer of stream gravel (1.2 to 6.2 cm in diameter) 20 cm thick, placed

over a 20—mil polyvinylchloride liner. The up— and downstream ends of

the bed can be blocked with wooden pickets and it is also possible to

subdivide the bed into two 1.52-rn x 3.05-in sections by a removable longi

tudinal picket.

To record the behavioral activities of single pairs or groups of

fish placed into the chamber a videotape system was used. The component



25

REMOVABLE
PICKETS

1.Sm

GRAVEL

Fig. 3. Top and side views of the viewing chamber used to house
the videotape equipment employed in producing behavioral
records of spawning chum salmon.

1~

3.5m

.1.
TOP VIEW

SIDE VIEW



26

parts of the system included a Sanyo Videotape Recorder, Panasonic

uNighthawku camera, and a Setchell Carlson 10—inch video monitor. While

operating in its slow-motion mode, the Sanyo VTR could record 7 continu

ous hours of observations per roll of videotape. The Panasonic camera

had two interchangable lenses, a f/1.8, 12.5—rn to 75—rn zoom and a

f/1.5, 8.5—mm wide—angle lens. The camera also had a separate mesh

silicon vidicon and could relay usable images when the background

illumination did not fall below a 0.1 ft candle. With this equipment I

was able to make continuous video recordings from early morning through

dusk.

Field Observations in the Experimental Stream

All fish were placed into a section (3.05 m x 15.24 m) of the

experimental stream within 24 hr of one another. Theoretically, this

allowed each fish an equal opportunity to find territories, search for

mates, and choose sexual partners. After being placed into a section

the fish were observed periodically for several days or until the major

ity of the females had finished spawning. The fish were watched from

dawn until dusk and each observation period lasted 20 to 60 mm, depend

ing on the number of fish and types of observations made.

The reproductive behavior of each individual placed into a section

was recorded. Females were assigned to one of four states: 1) wander

J1~ (searches for a territory site), 2) active (prepares nests and

spawns), 3) spent (through with egg deposition but still territorial),

and 4) dispossessed (recently evicted from her territory by other
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females). Males were likewise assigned to one of three states: 1)

wandering (searches for females or lies quietly), 2) alpha (actively

courts a female), and 3) satellite (lies in back of a pair and attempts

to spawn with the female). Besides recording the reproductive behavior

of each fish the color pattern of every male was also observed.

Chum salmon possess two distinct color patterns (Fig. 4). The bar

color pattern consists of black and red streaks that run perpendicular

to the length of the fish. From the posterior edge of the operculum to

the tip of the pectoral fins the bars are black. From this point to the

posterior edge of the pelvic fins (the widest part of the fish) the bars

are a reddish—purple after which they become black once again. They

overlie a mottled green—yellow background which becomes tan past the

insertion of the anal fin. The stripe pattern consists of a single

black—purple band that runs parallel to the length of the fish. Some

times a fine white band borders the top and bottom of the stripe which

tends to further enhance it. Measurements taken from videotape films

showed that the stripe covers approximately 30% of the lateral surface

area of the fish. Both sexes are able to quickly change (within

seconds) from one pattern to the other, although females usually main

tain the stripe pattern. The color patterns of males were observed to

determine when shifts were made and whether these changes were associa

ted with their reproductive status.
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Determination of Overall Mating Patterns

To evaluate the effects of size on overall mating patterns in chum

salmon demes I placed adult fish into 17 sections of the experimental

stream and observed pair formation in conjunction with male body weight:

female body weight. I preferred body weight to fish length because at

the time of a fish’s entrance into a section it gave a better indication

of fish “size”.

A pair was considered to be formed if a male courted a female (see

Schroder 1973; Tautz and Groot 1975) throughout at least one observation

period. Sometimes a male would “test” a female by quivering along her

side, crossing back and forth over her back, or nudging her vent with

his snout. If a female remained motionless or attacked the male, he

usually left, but on some occasions a male might quietly remain by such

a female for a period of time before swimming away. Male—female associ

ations of this type were not included in the pairing data. If two males

continuously fought over a female in a ritualized manner (see Chapter

III, pp.113) both males were considered to be her sexual partners. Once

one of them was defeated, however, only the dominant male was considered

to be her mate. Any satellite males that were associated with a female

were also excluded from the pairing data.

It was possible to determine the number of times that fish with

similar or disparate body weights formed pairs since the identity of

every fish in a section was known. Frequently, a male was seen courting

the same female in subsequent observation periods. When this happened
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the size ratio (i.e., male body weight:female body weight) of pair was

recorded as many times as it was observed. These size ratios were trans

formed into quotients and placed into arbitrary classes, e.g., 0.5, 1.0,

1.5, etc., that reflected how much smaller or larger a male was than his

female partner. The number of pairs falling into each class was corn—

pared against an expected value, i.e., one that would occur if the fish

paired randomly with respect to size. (see Appendix I for an example of

how these expected values were calculated.)

Statistical tests could not be used to determine whether the

observed number of pairs (i.e., size—ratio quotients) falling into a

particular class differed from the expected number. Siegel (1956,

p. 41) states “...each observation [size—ratio quotient] must be inde

pendent of every other; thus one may not make several observations on

the same [fish] and count each as independent. To do so produces an

‘inflated N’...”

This lack of independence could be eliminated by using just one

observation per fish or by only comparing the expected and observed

values obtained from each observation period. But there are difficul

ties in both of these approaches. First, if only one observation is to

be used per fish--which one should it be? Any choice is bound to be

subjective because males and females commonly pair with many individu

als. Second, the number of pairs observed during a typical observation

period was often less than ten. Such a small sample size diminishes the

power of any test. Moreover, since chi—square tests would be used, the
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restrictions imposed by Cochran (1954, as cited by Siegel 1956) for

small sample sizes would further reduce the amount of information such

tests might convey. Therefore I made graphic comparisons between expec

ted and observed values, and these analyses did provide information

about overall mating patterns.

Examining the Affects of Sexual Selection on Males

Both intrasexual competition and epigamic selection may affect the

number of eggs a male can fertilize. In this subsection I describe the

experimental procedures used to: 1) Assess how size and physical condi

tion may affect the ability of males to successfully compete for females

under a variety of Operating Sex Ratios (i.e., under different intensi

ties of intrasexual competition); 2) quantify the occurrence and success

of satellite males, and 3) determine whether the size or color pattern

of a male influences the behavior of the female he is courting.

What Operating Sex Ratios Represent and their Calculation. The

association between male body weight and reproductive status was exam

ined by observing the same 17 groups of fish used to determine overall

mating patterns. I tried to vary the Operating Sex Ratio (OSR: the

total number of sexually active males divided by the total number of

gravid and territorial females) in every group by deliberately giving

each one a different tertiary sex ratio (adult males:adult females).

Every time an observation was made the number of sexually active fish

was recorded. The amount of intrasexual competition that actually

occurred within a group was estimated by calculating its OSR.
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Sexually receptive females were relatively easy to identify since

they prepared nests and spawned. The number of sexually active males in

a section was more difficult to assess. After the fish were placed into

a section of the experimental stream they invariably swam upstream until

stopped by a wooden picket used to separate their section from an adja

cent one. The fish would often push their beaks against this barrier

for 12 hours or more before distributing themselves within a section. A

male was identified as sexually active once he stopped pushing against

the upstream picket and began to wander throughout his section. More

over, I also assumed that once a male became sexually active he remained

so until near death.

Examining the Relationship between Male Size and Reproductive

Success. The males within a group were ranked according to their body

weights and placed into one of three classes that represented their rela

tive size. The heaviest or the top third were referred to as “large

males,” the middle third as “medium males” and the lightest or bottom

third as “small males.” Since the reproductive status of each male was

recorded at every observation period, the percentage of time each indi

vidual spent as an alpha male could be estimated. This was accomplished

by dividing the number of times a male was recorded as an alpha male by

the total number of time he was observed. I used these percentages plus

a one—way analysis of variance (ANOVA) to determine whether large, medi

um, or small males differed in their ability to court females under vari

ous OSRs. Each ANOVA had three treatments (male sizes) and the random

variables were the percentages after they had been normalized by the
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arcsine transformation (Zar 1974). To determine whether the variances

were homoscedastic the F—Max Test (Sokal and Rohif 1969) was used.

After an ANOVA was performed, multiple comparisons using the Newman—

Keuls multiple range test (Zar 1974) were made if the null hypothesis

had been rejected.

Several males in a few sections were observed pushing their beaks

against the upstream picket during the entire 2— to 3-day period their

group was watched. These fish were excluded from the above data analy

ses. In other cases it was difficult to assess whether males were soci

ally or physiologically inhibited from courting females. In these

instances I have assumed that the males, regardless of their sizes, were

sexually active at each observation period.

Observing the Association between Male Dominance and Physical

Condition. Body size appears to be an accurate predictor of who “wins”

agonistic encounters among males. But the physical condition of a male

may also be important, since after a few days of freshwater residency

the fish generally become weaker. The importance of this apparent loss

in vigor was investigated by observing how many days a male could con

tinue to dominate smaller opponents that had recently migrated into the

stream.

Five males (hereafter referred to as “resident” males) were placed,

one each, in five sections (1.52 m x 3.05 m) of the experimental stream.

Every section had an “active” female plus a “challenger” (male) that was

smaller than the resident male. The fish were watched as previously
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described, with the reproductive status of each male being recorded at

every observation period. At dusk both males were removed and the

female was replaced by another one if she appeared to be “spent.” The

resident males were placed into a holding area while their challengers

were returned to Big Beef Creek. At dawn every resident male was

returned to a section along with a new challenger that had been captured

the day before. At first the challengers were nine—tenths the size of

the resident males. However, every time a resident male was “defeated”

(i.e., lost his alpha male status), the size of the next male to chal

lenge him was reduced by approximately 10%. This procedure was con

tinued until all the resident males died.

I assumed that all males used in these experiments were sexually

active and thus willing to compete against one another for females.

Moreover, males that had defeated previous opponents were not assumed to

be any more aggressive or tenacious than naive or recently dominated

ones.

Measuring the Occurrence and Gametic Contribution of Satellite

Males. When large differences exist among males in their ability to

obtain mates alternative mating strategies may evolve among the “have

nots” which circumvent the effects of intrasexual competition or female

choice (Howard 1978). In breeding populations of salmon and trout, sub

dominant males have adopted the mating (behavioral) strategy of position

ing themselves slightly downstream from a courting pair. These males

continuously try to approach the female and spawn with her. Fish of
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this type have been referred to as “satellite,” “accessory,” and

“secondary” males. If there are more than two satellite males they

usually lie in a semicircle (the open end facing the current) just

downstream from the dominant or alpha male. Dominance hierarchies exist

among satellite males with the strongest animals having the best access

to the female (Kuznetsov 1928; Shapovalov and Taft 1954; Hanson and

Smith 1967; McCart 1970; Schroder 1973).

The proportion of males using the satellite strategy in each sec

tion of the experimental stream was calculated by summing the number of

satellite males recorded at every observation period and dividing this

quantity by the number of sexually active males observed. Since each of

the above groups of fish had a different OSR it was possible to deter

mine when the satellite strategy first appeared and whether it increased

proportionately with intrasexual competition.

A question that has long intrigued students of trout and salmon

reproductive behavior (e.g., Jones and King 1952; Hanson and Smith 1967;

McCart 1970) is whether satellite males fertilize any eggs during the

spawning acts they participate in. I estimated the gametic contribu

tions of alpha and satellite males during particular spawnings by using

genetic variation analyzed by protein electrophoresis. This technique

has also been used to examine paternity in a variety of other animal

species (e.g., see Berry and Jakobson 1974; Tilley and Hausman 1976;

Cobbs 1977; McCracken and Bradbury 1977; Nelson and Hedgecock 1977).
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Since single gene differences can be used to determine paternity, I

created situations where the alpha and satellite males that competed for

a female had different allelic forms of the same protein. To do this

the allozyme phenotypes (allelic forms of a protein) of the males were

determined before spawning occurred. Electrophoretic examination of

muscle, eye, and liver tissue obtained from chum salmon native to Big

Beef Creek showed that the fish were polymorphic in five isozyme (en

zyme) systems: 6—phosphogluconate dehydrogenase (6—PGDH), asparate

aminotransferase (AAT), phosphomannose isomerase (PMI), isocitrate

dehydrogenase (IDH), and asparate aminotransferase—3 (AAT—3) (Seeb,

personal communication). Two of these isozyme systems (6—PGDH and AAT)

have allozyme phenotypes that can be detected by examining muscle tis

sue. Consequently, genetic differences among males within these isozyme

systems could be determined without killing the fish.

Sixty adult males were captured, anesthetized, and a small bit of

muscle tissue (4 m x 4 mm) was removed from the side of every fish.

After being sampled, each male was tagged and released into a section of

the experimental stream where he could easily be recaptured. The muscle

samples were then electrophoretically analyzed by Mr. Jim Seeb, who used

methods previously described by Utter et al. (1974), May (1975), and May

et al. (1975). Once the allozyme phenotypes of each fish had been iden

tified, I placed two or three males possessing different genotypes to

gether with an active female and allowed them to spawn. The mating stra—

tegy employed by each male and his location at the time of spawning were
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recorded so that the association between mating strategy and gametic

contribution could be determined.

After the fish had spawned (with all males participating), the

parental fish were killed and liver, eye, and also muscle tissue were

collected and electrophoretically analyzed to identify all the allozyme

phenotypes of each fish. Moreover, every egg deposited at each spawning

was retrieved and incubated in a hatchery located next to the experimen

tal stream. Six matings of this type were obtained and the zygotes col

lected from each spawning were kept in the hatchery until yolk absorption

was completed. Because the males involved in every mating had different

allozyme phenotypes (in one or two isozyme systems) it was possible to

estimate the number of eggs each fertilized by examining muscle tissue

samples obtained from the progeny. Consequently, 100 randomly chosen

fry originating from each spawning were killed and electrophoretically

exami ned.

The interpretation of the allozyme frequencies in the progeny

depended on a number of assumptions. First, that the allozyme pheno

types used to determine paternity (in this case variant forms of AAT and

PMI) represented genetic variation and were not environmental or onto

logical artifacts; second, that allozyme phenotypes rarely mutate into

different forms; third, that genetic migration was controlled; fourth,

that the allozyme markers used did not differentially affect egg-to—fry

survival in any of their possible allelic combinations; fifth, that the
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gametes bearing the genes responsible for each allozyme phenotype were

equally viable; and finally that each male was fertile.

The genetic basis of the variant forms of MT and PMI was estab

lished by controlled breeding experiments performed by Seeb and Wishard

(1977). The neutrality of the genes responsible for each allozyme pheno

type (at least from the gamete—to—fry stage) has not been formally tested,

but the data presented by Seeb and Wishard (1977) clearly suggest that

gametes and zygotes possessing different combinations of these genes sur

vived equally well. Genetic migration (i.e., the intrusion of unwanted

fish during a mating) was controlled by the experimental design, and

because spontaneous mutation occurs so rarely ~ Ihssen 1976), it

was not considered an important source of error. I tested the fertility

of some of the males that participated in these matings by artificially

crossing them (using the fldryh method of fertilization) with the female

they had previously spawned with. The eggs obtained from each cross

were incubated in the hatchery until they had closed their blastopores.

At this time a random sample of fifty eggs was collected from each cross

and placed in Stockard’s solution (85% distilled water, 6% glycerine, 5%

formalin, and 4% glacial acetic acid). Since this solution clears the

chorion it was possible to determine whether any of the eggs did not

possess a developing embryo.

Determining the Effects of Male Size and Color Pattern on Female

Choice. Previous studies on salmon mating behavior have not examined

female choice in a quantitative manner, although empirical observations
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made on female sockeye salmon suggest that they may discriminate among

potential conspecific mates (Hanson and Smith 1967; McCart 1970). Theo

retically, female salmon can influence who spawns with them in at least

three ways. First, they may perform “incitation movements” that attract

males; second, they may prolong nest construction; or third, they may

attack certain males and attempt to chase them away. All of these tac

tics increase the vulnerability of males to attacks from other potential

suitors and in the latter two cases may also cause a male to abandon a

female and seek another partner.

To the human observer, male chum salmon differ from one another in

two conspicuous ways——in their body sizes (both length and weight) and

whether they possess the bar or stripe color pattern. To document how

females responded to males possessing different color patterns or body

weights, videotape films were made of 23 pairs that were deposited one

at a time into the viewing chamber. Each female was provided with a

male that was either one-half (type I pairs), approximately the same

(type II pairs), or twice her weight (type III pairs). When a pair was

filmed the gravel bed of the viewing chamber was subdivided by a longi

tudinal picket into two 1.75 m x 3.5 rn sections. Since the contour of a

spawning bed may influence female behavior (Pratt 1968; Tautz and Groot

1975; Schroder 1977; Duker 1977), the gravel bed was leveled by hand

before each pair was filmed.

Eight hours prior to filming, the male and female were introduced

into separate sections of the gravel bed, with the male always being
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placed in the section that was adjacent to the observation windows.

Just before the video equipment was turned on, the female was taken from

her section and placed with the male. The fish were then allowed to

spawn two or more time before th~’ were removed from the viewing

chamber.

When the videotapes were replayed I dictated the behavioral acti

vities of both fish into a tape recorder. These observations were trans

cribed into a continuous ethogram that was divided into 1-mm time inter

vals. The occurrence of 16 female and 10 male activities was quantified

by summing the number of times each behavior was performed during every

1—mm interval. The frequency of each behavior during nest construction

was plotted to determine whether any type of female behavior ~incited”

or “attracted~ her male partner.

Some of the videotapes were also analyzed to ascertain whether the

nest digging behavior of a female changed because of the type of male

that courted her. When a female digs she rotates onto her side and exe

cutes a set of rapid body flexures that raise and lower her caudal fin

in a series of powerful strokes. To assess any changes in how a digging

movement was performed the videotape was stopped just as the female

started to rotate onto her side. The film was then advanced frame-by—

frame and the number of body flexures needed to complete a dig was

counted. This analysis was performed on three pairs (a type I, II, and

III) while the females dug their second nests.
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I also tested whether any male or female activities (e.g., agonis—

tic interactions) occurred more or less often when pairs were composed

of similar or dissimilar-sized individuals. Additionally, the amount of

time it took each female to complete her first and second nest was meas

ured along with the duration of each spawning act. Since nest construc

tion consists of various types of digging movements and other behavioral

activities (see Schroder 1973; Tautz and Groot 1975) it was necessary to

artificially delineate when a nest began and ended. I arbitrarily decid

ed that a female started her initial nest when she performed her first

digging motion and completed it after she spawned. Subsequent nests

were timed in a similar manner.

While recording the above data, I observed the color pattern of

each male once every 7 mm and found that the males persistently re

tained either the stripe or bar color pattern while the female prepared

a nest. Consequently, I also used the videotapes to examine how females

responded to males with different color patterns.

Female behavior may be affected by other variables besides the rela

tive size or color pattern of her male partner. Biological factors such

as her physiological condition and absolute body size, or environmental

conditions such as water temperature, turbidity, light intensity, and

the presence of observers in the viewing chamber, may also affect the

frequency of various activities.

Prior to making any ethological comparisons among the filmed pairs

the physiological condition of the fish was standardized. This was
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accomplished by only using data acquired while the second nest was being

prepared. The potential affect of absolute female weight on the amount

of time required to complete second nests was examined by using correla

tion analyses. In these tests either the relative size of the male or

his color pattern were held constant. How water temperature might influ

ence spawning chum salmon is unknown; although Dodge and MacCrimmon

(1971) showed that water temperatures below 2°C delayed and sometimes

stopped female rainbow trout from spawning. Consequently, the associa

tion between water temperature and the amount of time needed to complete

a second nest was examined by correlation. The color pattern or rela

tive size of the male was also held constant in these analyses. Since

the fish were filmed during daylight hours under conditions of low tur

bidity, I felt that these variables had a uniform effect on all the

pairs. Finally, observers were occasionally in the viewing chamber

(either to clean the window or adjust the video camera) but were rarely

present while a pair prepared their second nest.

Measuring the Affects of Sexual Selection on Females

Depending on the amount of space available and the OSR within a

spawning community, female chum salmon may compete among themselves for

territory sites and possibly mates. In a previous study (Schroder 1973)

I determined when female intrasexual competition for space occurred by

varying the number of females placed into 20 (3.05 m x 15.24 m) sections

of the experimental stream. When the area allotted each female was less

than 2.7 m2 (>17 females/section) some of the fish were socially inhi

bited from establishing a territory. However, the importance of size
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and behavior in determining who could attract males or establish and

protect a territory was not thoroughly examined.

Examining Competition for Space——the Importance of Size and Behavior.

Females from the same stock do not arrive on their spawning grounds

simultaneously nor do they all become sexually active at the same time.

Consequently, within any spawning community some females will be search

ing for territories while others will have already established them.

The construction of nests, the burial of eggs, and their subsequent pro

tection require energy and resources that cannot be obtained again.

Because of these investments, territorial females should resist evic

tion. However, if space is limited and size is important in determining

dominance among females, then large fish may prevent small ones from

establishing territories, or usurp territories in order to spawn.

The relationship between female size and spawning success was exa

mined in three sections of the experimental stream. The fecundity of

every female placed into the sections was predicted by: 1) sacrificing

females from the same stocks (late stock 1970 and 1971——also data from

1966—1970 was utilized to increase the sample size) used to fill each

section; 2) weighing the sacrificed fish and counting the number of eggs

each possessed; 3) performing Model II Regression analyses (body weight

Log10 vs egg number) on the above data; and, 4) using the subsequent

regression equation to estimate the fecundity values. Koski (1975)

gathered most of this information and also utilized it to predict the

fecundity of chum salmon from Big Beef Creek, but he did not use Model
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II Regression analyses (Sokal and Rohlf 1969). I decided to employ this

method because both body weight and egg number measurements have inher-~

ent error terms that probably increase with the size of the fish.

The numbers of females placed in every section was sufficient (each

was allotted less than 1.2 m2) to ensure that intrasexual competition

for space would occur. Observations were made to determine when each

female established a territory, how long she held it, and the number of

eggs she retained at the time of her death.

I divided the number of eggs a female retained by her estimated

fecundity and used this value to determine her spawning success. These

percentages were normalized by using the arcsine transformation, and

correlation analyses were performed to determine whether a relationship

existed between spawning success and absolute size when females competed

for space.

The greater the area a female can defend and the longer she can

protect it, the more secure her eggs will be from possible dislodgement

and destruction from neighboring fish. Each territory contains all the

nests a female constructs and any factor that influences the size of

these structures might affect the total area each female will attempt to

defend. The body size of a female could affect the amount of space

needed to complete a nest because of the behavioral mechanism used to

determine when the substrate is ready to receive eggs. This activity,

called “probing,” is the insertion of the anal fin and simultaneous

lowering of the body into the heart of the nest. When the female tilts
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her body at a 20—degree angle to make a probe the nest is usually com

plete (Tautz and Groot 1975). Consequently, the larger (longer) the

female, the deeper the nest, and the bigger its surface area.

Besides the sizes of the nests their geometric arrangement and the

spaces left among them may also influence overall territory size. Nests

can be placed like beads on a string with the last nest furthest upstream

or arranged in a diamond (Tautz, personal communication) or zig—zag pat

tern. In other cases a female may use the same nest site more than once

thereby reducing the total area she needs to deposit her eggs (Schroder

1973).

Huxley (1934) showed that territory size in some species of birds

resembled an elastic disc, expanding and contracting according to the

amount of intrasexual competition for space. To see if territory size

in female chum salmon responded in the same manner and to determine

whether the size of a female affected the amount of space she could suc

cessfully hold, I measured territory sizes under three different spawner

densities (6.6, 2.5, and 1.7 rn2/fernale).

Six (3.05 rn x 15.24 rn) sections of the experimental stream were

used, and each section was provided with a grid system composed of 30—cm

squares. The grid was placed over each section before any fish were

introduced. It was made of tightly stretched nylon cord 2 mm in diam

eter and installed 20 cm above the water surface (Fig. 5). Every grid

was divided by colored lines into five sections of 100 squares (or 110

points) each. The location of each female while she was constructing a
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nest was determined by using the grid. This information was plotted on

maps and the area of each territory was calculated by the “cross section

paper method” described by Welch (1948).

When this experiment was carried out no attempt was made to use

females representing certain size classes but the total number of

females released into each section was controlled. Thus the influence

of female size and spawner density were examined by using a mixed model

two-way ANOVA.

Determining How Size and Behavior Affect the “Attractiveness” of

Female Chum Salmon. If the optimal reproductive strategy for a male

chum salmon is to fertilize as many eggs as possible, then the “attract

iveness” of a female should be based on the number of eggs she possesses

(her absolute fecundity) or on her willingness to deposit them. A posi

tive correlation between female size, either length or weight, and abso

lute fecundity has been found in almost every Pacific salmon population

where this association has been examined (for chum salmon, see: Ivankov

and Andreyev 1969; Bakkala 1970; Koski 1975). Consequently, female size

may be an important criterion that males use when choosing their sexual

partners.

Hanson and Smith (1967) observed that small female sockeye salmon

consistently spent more time alone (i.e., were unattended by males) than

large ones. Moreover, McCart (1970) while studying the same species

found that satellite males, both sockeye and kokanee (the dwarf, fresh

water form of sockeye), were “...more likely to form associations with
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female sockeye [i.e., large females] rather than associations, even

dominant ones, with female kokanee [i.e., dwarf females]...” (McCart

1970, p. 89).

To determine whether male chum salmon would also prefer large

mates, two females, one approximately twice as large as the other, were

placed in a (3.05 m x 6.10 m) section of the experimental stream. When

both females started to construct their first nests, a single male was

introduced into the section. Continuous observations were made on all

three fish until the male started to exclusively court one of the

females. At this time, the fish were removed from the section and

returned to Big Beef Creek. Additional fish were placed into the

section in an identical manner until 19 repetitions of the experiment

had been performed. How the fish interacted with one another and the

number of times the male chose the largest female was recorded.

However, as Cox and LeBoeuf (1977) have suggested, what a female

does may affect her “attractiveness” more than her absolute size. Some

of the behavioral observations made on the groups of fish placed in the

experimental stream to determine overall mating patterns were also used

to test the following interconnected null hypotheses: 1) all females

are equally “attractive” to males regardless of their reproductive behav

ior, i.e., whether they are “wandering,” “active,” or “spent;” and 2)

the absolute size of a female plays no role in determining how ‘attrac—

tive” she will be to males.
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To test these hypotheses the “attractiveness” of each female had to

be quanitified. This was done by summing the number of males (both

alpha and satellite) attending her at each observation period and divid

ing this total by the number that potentially could have attended her.

By using this method it was also possible to estimate the “attract

iveness” of each female while she was “wandering,” “active,” and “spent.”

All three of these “attractiveness values” were calculated for each

female placed in the experimental stream. These values were normalized

with the arcsine transformation (using Bartlett’s correction factor

whenever necessary, Zar 1974) and used as random variables in two sta

tistical procedures. The first one was a mixed model two-way ANOVA with

out replication. The fixed treatment in these analyses was the reproduc

tive status of the female (i.e., whether she was wandering, active, or

spent) while the random treatment was her size. This test was employed

to determine if the same female would attract more males at certain

periods of her reproductive cycle that at others.

The second test, a one—way ANOVA, was used to ascertain whether

size influenced the “attractiveness” of females. In these analyses the

females in each section were ranked according to their body weights and

then classified as a large, medium, or small fish. The heaviest third

were referred to as large females and so on. Each class was used as a

treatment group in the ANOVA and the random variable was the normalized

“attractiveness value” of each female while she prepared her nests and

spawned (i.e., when she was “active”).



50

After the statistical tests were performed multiple comparisons

were made with the Newman—Keuls multiple range test CZar 1974) when the

null hypotheses had been rejected.

Laboratory and Hatchery Experiments Used to Examine the
Question——Why be Selective?

Howard (1978) states that animals can assess the quality of their

potential mates in two ways: 1) by the resources they possess, i.e.,

the location, size, and associated characteristics of their territories,

and 2) by their phenotypic attributes, some of which may indicate over

all vigor or to a certain extent their genetic quality. In some spe

cies, mate selection may be based on both of these criteria, while in

others one criterion or the other may predominate (Howard 1978).

Any sexual preferences existing within a species for individuals

holding certain resources or possessing particular phenotypes will be

based on probable gains in genetic fitness (Fisher 1958). Therefore, to

know why an animal discriminates among many potential mates it is neces

sary to assess the genetic advantages she or he will gain by being selec

tive. Such gains can be indirectly measured by examining the number and

quality of progeny produced from various types of matings (Fisher 1958).

Background Information on Temporal Changes in Fertility and Parental
Affects on Progeny Performance

One obvious factor that could influence the number of progeny a

fish may produce would be the fertility of its sexual partners. It is

doubtful that fertility ~~se is associated with age or size at matur

ity. However, since the physical condition of a spawning Pacific salmon
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degenerates on an almost daily basis the viability of its gametes may

decrease over time. If this is true, then males and females might pre

fer to mate with individuals that d.o not show signs of physical

deterioration.

To determine whether males in poor physical condition could ferti

lize eggs, Mathisen (1955) captured a ripe, unspawned female sockeye

salmon and divided her eggs into two portions. One portion was mixed

with milt extracted from a “half—dead” male that was barely able to swim

(a spent male) while the other egg lot was combined with sperm collected

from two “vigorous” males. Each egg lot was incubated until pigmenta

tion showed in the eyes of the embryos (“eyed stage”). The eggs in both

lots survived equally well (1 to 1.7% mortality), indicating that at

least some sockeye males remain fertile even though they are close to

death.

Goryczko and Tomasik (1975) investigated whether temporal changes

in sperm motility and egg viability occurred in brown trout (Salmo

trutta). They collected milt from the same nine males at three differ

ent dates during one spawning season. Each time the males were stripped

the resulting milt was mixed with eggs obtained from three females. The

eggs were incubated until they reached the eyed stage and the percentage

of nonfertilized eggs in every cross was recorded. The results of this

study showed that the fertility of a male decreased over time and that

eggs obtained from females late within a spawning season were less

viable than those collected earlier.
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Under some circumstances female salmon or trout may be socially

inhibited from establishing a territory after they have arrived on a

spawning ground (e.g., see Schroder 1973). However, some of these fish

may eventually acquire a territory by migrating into less crowded areas

or by reusing a recently abandoned redd site. Females that have been

delayed from spawning, and in possibly poor physical condition could be

less fertile than those who spawn soon after entering a spawning ground.

Leitritz (1959) states that the fertility of a female trout (Salmo spp.)

will decline as her eggs become overripe. Additionally, if such eggs

are fertilized they are likely to produce more monstrosities or less

viable and slower growing embryos than ripe eggs (Mrsic 1923, cited by

Huxley 1923). Furthermore, the sex ratio of the young may also be influ

enced. Mrsic (1923, cited by Huxley, 1923) found that when he obtained

eggs from a rainbow trout (S. gairdneri) 4 to 7 days after she had

become ripe, the majority of her offspring were females. But if he did

not collect eggs until 21 days after a female had reached maturity, then

most of the resulting young (~67%) were males.

The above studies suggest that temporal decreases in male and female

fertility probably occur in trout (Salmo spp.). However, whether such

decreases were related to declines in physical condition or if they

occur at all in Oncorhynchus remains uncertain.

Besides fertility or possibly the possession of overripe eggs, the

size, age, and growth rate of a potential mate might also affect its



53

desirability. Hanson and Smith’s (1967) and McCart’s (1970) observa

tions on the attractiveness of female sockeye salmon of various sizes

indicated that males were aware of size differences in females. Fur

thermore, McCart (1970) observed that sockeye salmon females rarely

attacked the large dominant males that courted them, but frequently

chased male kokanee and sockeye jacks, often holding these small fish

sideways in their jaws. Moreover, when he isolated female sockeye

salmon with either “normal sized” sockeye, jacks, or kokanee males in

pens, he found that the females would spawn with both sockeye males and

jacks, but would not readily spawn with kokanee males. Burck (1965),

while examining chinook salmon (0. tshawytscha) carcasses contributed

further possible evidence of an awareness of size in female salmon. In

the stomach of one of the females that was autopsied he found a small

(95 m long) precocious male. The female probably inadvertently swal

lowed the small fish while she was attempting to drive him off.

Both sexes may be “interested” in the size, age, or growth rates of

their sexual partners for a variety of reasons. Two maternal effects,

fecundity (the absolute number of eggs a female possesses) and egg size

are often associated in a positive manner with both female size and age

at maturity (Dahl 1918; Pritchard 1937; Rounsefell 1957; Allen 1958;

Donaldson and Menasveta 1961; Privol~ev et al. 1964a, 1964b; Gray 1965;

Smolei 1966; Bilton and Jenkinson 1966; Bilton 1970; Fowler 1972; Gall

1974; Hopley 1975; Koski 1975; Gall and Gross 1978; Kato 1978; Larsson

and Pickova 1978; and many others). Both of these traits could affect

the potential fitness of males. More fecund females might be expected
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to deposit more eggs per spawning act. Those producing larger eggs may

also be desirable as potential mates because egg size in salmonid fishes

has been positively correlated with fry size (Dahi 1918; Gray 1928;

Bilton 1970; McCart 1970; Fowler 1972; Gall 1974; Koski 1975; Hopley

1975) and in a few cases with post—emergent growth (Dahl 1918; Fowler

1972; Gall 1974).

Previous investigators have also linked progeny size, growth, and

viability to maternal age. For instance, Koski (1975) collected and

incubated chum salmon eggs with the same diameter but produced by two

females that had matured at different ages. He found that the fry ori

ginating from the eggs produced by the older female (a 4-year-old fish)

were larger at emergence than those arising from the younger (3—year—

old) fish. Privol’nev et al. (1964a) did essentially the same thing

with Atlantic salmon (Salmo salar) except that they also raised the

young. After about 40 days of feeding they found that the progeny pro

duced by their older female were growing slightly faster than those gen

erated by the younger fish, even though the progeny were produced from

similar sized eggs (identical wet weights). Ayles and Berst (1973) dis

covered that up to 31% of the variance associated with survival from

hatching to yolk sac absorption in splake hybrids (Salvelinus fontinalis

X S. namaycush) could be accounted for by the age of the female parent.

Since biochemical studies on fish eggs have shown that lipids and other

components vary with the age of the female (Nikolskii 1969, cited by

Ayles and Berst 1973), they hypothesized that older females might

produce qualitatively better eggs than younger ones.
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Additionally, the growth rate of the female parent may affect how

rapidly her offspring grow. Vladimirov (1973) feels that “...when the

growth rate and fecundity of spawners increase there [will be] a simul

taneous improvement in the quality of the sexual products and an in

crease in the viability of the progeny (Vladimirov 1973, p. 804).

Savel’veva and Shuvatova (1972, cited by Vladimirov 1973) examined the

progeny produced by female pike—perch (Lucioperca lucioperca) that had

yrown dt different rates but were the same age (either 3, 4, or 5 years

old). They found that the progeny produced from rapidly growing females

grew faster and had better survival rates than those originating from

slower—growing fish.

Similar observations on Atlantic salmon were made by Thorpe (1977).

He divided the egg complement of his females into lots and fertilized

each egg lot with sperm from a single male. When the subsequent progeny

were reared, he found that a portion of the offspring in each family

grew very rapidly. Consequently, as the fish were reared their lengths

fell into a bimodal distribution. After performing correlation analyses

between the length of the female parent and the percentage of her off

spring that grew rapidly (i.e., were in the upper mode of the distribu

tion), Thorpe (1977) concluded that faster—growing females produced

greater percentages of fish in the upper mode than slower—growing ones,

even though the females may have had identical life-history strategies.

Using the same species and a similar experimental design, Thorpe

and Morgan (1978) partioned the variance associated with progeny length,
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smolting rate (i.e., the percentage of individuals in the upper mode

that become smolts after 1 year), and mortality by male, female, family,

and environmental effects. They found that 82 and 72% of the variation

in progeny length (after 171—174 days of feeding) in the upper and lower

modes respectively, could be attributed to the female parent, though

only 1.7 (upper mode) and 10.7 (lower mode) could be accounted for by

the male parent. Both parents influenced the smolting rate of their

offspring and how well they survived. In another study, Thorpe and

Morgan (in press) discovered that the progeny fathered by Atlantic

salmon parr developed “...faster to the smolt stage than those [produced

by] male salmon maturing at a later stage.”

Paternal effects on progeny characteristics have also been examined

in other salmonid fishes. Childs and Law (1972) measured and weighed

embryo coho salmon (0. kisutch) just before they hatched and concluded

that those fathered by jacks (2—year-old males) utilized their yolk

materials more efficiently and developed faster than embryos generated

by normal males (3—year—old fish). Coho salmon were also used by Clarke

et al. (1977) when they evaluated embryo size 63 days (~600 T.U. °C)

after fertilization. In this case, the eggs fertilized by underyearling

male coho salmon had bigger embryos than those that had been fertilized

by older and larger males.

The influence of paternal size and age at maturity on how rapidly

young sockeye salmon grew was examined by Bilton (1970) and McCart

(1970). Neither investigator could detect any male effect on how
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rapidly the fish in their experimental populations grew. Hopley (1975),

utilizing chinook salmon, made a variety of artificial crosses based on

parental age at maturity. He, on the other hand, found that 4-year—old

males produced larger smolts than either 3— or 2-year-old male parents

at the end of his rearing experiment.

To determine whether young Atlantic salmon fathered by parr grew

differently than those produced by older and larger males, Jones and

King (1950) conducted two rearing experiments that compared the growth

rate of half sibs. They found no difference (based on mean lengths) in

how rapidly their half—sib populations grew. However, Thorpe and Morgan

(in press) point out Jones and King (1950) did not realize that the

lengths of the fish in their reared populations were bimodally distri

buted. Even if this difficulty did not exist, their results are hard to

interpret because information on the life—history strategies of the large

males they used is not mentioned. If these animals had matured as parr,

then each progeny lot would have been fertilized by males possessing

identical, not disparate life-history strategies (for a discussion on

this point, see Thorpe and Morgan, in press).

Both paternal and maternal size in Pacific salmon may reflect how

large their offspring will become at maturity. Ricker et al. (1978)

noticed that the average size of adult pink salmon (0. gorbuscha) native

to British Columbian and some Alaskan streams has steadily declined

since 1951. After an extensive review of meteorological data and trends

in gear use by the commercial fishery, they concluded that the selective
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removal of large fish by troll and gillnet fisheries was responsible for

the downward trend in fish size. Since pink salmon invariably mature at

age 2, the observed decrease in body size was attributed to a decline in

growth rates-—i.e., slower growing parents in these stocks apparently

produce slower growing offspring. This apparent linkage between par

ental size and offspring growth rate may, if widespread, have a profound

impact on mate choice preferences within the genus Oncorhynchus.

Evidence recently synthesized by Frey (personal communication) and

first presented by Donaldson and Menasveta (1961), Ellis and Noble

(1961), Donaldson and Bonham (1970) and Reimers (1978, and unpublished

MS) suggests that parental genotypes in chinook salmon (and by inference

other Pacific salmon) may also strongly influence when their offspring

will mature. For example, Reimers (1978) reports that in 1968 a hatch

ery was established on the Elk River (Oregon State) and a breeding pro

gram was begun using chinook salmon native to the stream. Slightly less

than 50% of all the adult fish in the river were 2—year—old males (jacks)

but none of these fish was used in the hatchery breeding program. By

1974, the number of jacks returning to the hatchery had been greatly

reduced, although a similar reduction had not occurred in the wild

popul at ion.

Consequently, in -1974, parental crosses based on age at maturity

(3-year—old ~ x 3-year--old d~and 5-year—old ~ x 5-year-old ~) were

made at the hatchery, and fry from each cross were differentially marked

and released. When these fish returned to the hatchery, it was found
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that a large number of jacks had been produced by the 3 x 3 crosses,

while very few had been generated by the 5 x 5 matings. These data

suggest that early—maturing parents tend to produce more early—maturing

offspring than older ones (Frey, personal communication).

Similar types of crosses with different parental ages were

performed by Ellis and Noble (1961) on chinook salmon returning to the

Deschutes River (Washington State). These investigators crossed 2—

(jacks) and 3—year—old males with 3—year—old females. They found that

30% of the male offspring produced by 2—year—old males returned as

jacks, while only 12% did if the male parent had been 3—years—old. More

over, male age did not appear to influence when their daughters matured,

for 88 (2 x 3) and 89 (3 x 3)% of the resulting females matured at age

3, although none matured at age 2 (Frey, personal communication).

After reviewing this evidence, Frey (personal communication)

hypothesized that the genetic mechanism controlling age at maturity or

its expression might be sex—specific. To test this hypothesis, Frey

tabulated the results of a series of artificial crosses made by

Donaldson and his co—workers. These investigators utilized chinook

salmon returning to the University of Washington hatchery and made the

following crosses: (female age before male) 3 x 2, 4 x 2, 3 x 3, and

4 x 4. The progeny produced from these crosses again indicated that

older parents generally create older offspring. Furthermore, there was

a proclivity for sons to reach maturity at the same age as their fathers

and for daughters to follow the life—history strategy of their mothers
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(Frey, personal communication). The importance of these propensities on

mate choice in chum salmon will be discussed later on.

Objectives of the Hatchery and Laboratory Studies

The hatchery and laboratory experiments described below examined

the relationship between parental phenotypes and progeny abundance and

quality. Specifically, I attempted to answer the following questions.

Does the phenotype (mainly the physical state of deterioration, size or

age at maturity) of an individual potentially provide information to

other fish about: 1) its fertility, absolute fecundity and egg size, 2)

its age at maturity, 3) how rapidly and efficiently its progeny utilize

yolk materials, 4) the rate at which its young develop, 5) the occur

rence of monstrosities and mortalities in its young during the incu

bation phase, 6) the size of its young at emergence, i.e., when their

endogenous food supply is almost exhausted, and 7) the early growth and

survival of its progeny after they start to feed on exogenous food?

Determining Whether Temporal Changes in Fertility3 Occur in Spawning
Chum Salmon

In lieu of what was known about temporal changes in salmon

(Oncorhynchus) fertility, it became important to determine whether

fertility decreased over time and if so whether salmon preferred mates

that did not show signs of physical deterioration.

3Fertility in these experiments was defined as the ability of an
individual to produce gametes capable of uniting with either an ova or
sperm to produce a zygote. No examinations were made to determine
whether the number of nonviable zygotes or monstrosities produced by an
individual changed as it aged in freshwater.
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Measuring Male Fertility. To determine whether temporal changes in

male fertility occurred, three males that migrated into Big Beef Creek

were placed in a 1.5—rn x 3.05-rn section of the experimental stream.

Milt was extracted once a day from each male until he died. Just before

the milt samples were collected, approximately 300 eggs were stripped

from a female that had recently entered the stream (a different female

was used each day of the experiment). The eggs were weighed on a Mett—

ler P2010 balance to the nearest .1 g and divided by weight into three

equal lots. Each lot of approximately 100 eggs was then mixed with 3 ml

of milt obtained from one of the males.

To mimic natural spawning the eggs and milt were kept separate

until they were simultaneously poured into a glass beaker filled with

200 ml of freshwater. After the gametes were introduced into the beaker

it was gently swirled for 60 sec. The resulting egg lots were incubated

separately in Heath Tecna trays that had been divided into six compart

ments by strips of Plexiglass. Black plastic covered each incubator and

every tray was supplied with 18.9 L (5 gpm) of 9.6 (C) artesian water.

Each artificial cross (egg lot) was allowed to accumulate approxi

mately 60 temperature units (°C) before it was preserved in Stockard’s

solution. The number of viable eggs was then determined by examining

the gross appearance of each egg. An egg was considered fertilized if

the marginal periblast, germ ring, or embryonic shield was visible

(photographic plates of these structures can be found in Mahon and Hoar

1956, and Bakkala 1970).
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Previous observations made on five Big Beef Creek chum salmon males

(Schroder 1975) had shown that the water content (i.e., evaporable con

stituents) in their milt tended to increase as the fish remained in

freshwater. This trend led to the speculation that such a dilution in

milt solids would be negatively correlated with fertility. Samples of

the milt collected from the three males used to examine temporal changes

in male fertility were utilized to test this hypothesis.

Fvery time the males were artificially striDped, the milt that was

not used in the ferilization experiment was poured into a previously

weighed aluminum foil pan. The pan plus the milt was weighed on a

Mettler P163 balance to the nearest 0.01 g. Each pan was then placed in

a Precision Thelco Model 17 drying oven and dried for 24 hr at 97°C.

After drying, the milt samples were put into a vacuum dessicator con

taining anhydrous calcium chloride and allowed to cool before they were

reweighed on the Mettler balance. Water content was calculated by

weight difference and these values were compared to the number of eggs

that had been fertilzied with milt from the same sample.

Measuring Female Fertility. Similar methods were used to examine

temporal changes in female fertility. Three females were placed in a

small section (1.5 m x 3.05 m) of the experimental stream. Approximate

ly 100 eggs were collected from each female once every 24 hr until she

died. The egg samples collected on any given day were fertilized by the

same male, but milt was collected from a different male each day the

experiment lasted.
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The eggs and milt were mixed, incubated, preserved, and visually

inspected for zygotes as previously described. Moreover, the water

content of the milt used throughoutthe experiment was determined, so

that the fertility of each male could be estimated.

Assessing Whether Fecundity and Egg Size Are Correlated with Body Size

If a great amount of the variation associated with fecundity and

egg size can be explained by body size, then it might “pay” males (in a

genetic sense) to prefer large mates. Correlation analysis (in particu

lar r2 or the coefficient of determination) can be used to describe the

amount of variability in one random variable (such as egg size) that can

be accounted for by correlating that variable with a second, normally

distributed random variable——e.g., body weight (Zar 1974). From 1974

through 1976, I examined the association between female size (both

length and weight) and fecundity, and also egg size (diameter, wet and

dry weight) in 461 chum salmon that had migrated into Big Beef Creek.

One hundred and sixty—four of the females originated from the early run

(107 in 1975, 57 in 1976), while an additional 297 (197 in 1974, 100 in

1975) were late-run fish.

Every female was anesthetized in MS—222, and length, weight, and

age (determined through scale analysis) data were obtained on each fish.

The caudal peduncle was then severed and the fish were bled thoroughly

before any eggs were removed. In 1974, the egg complement of each

female, including her ovarian fluid, was stripped (through incision)

into a dry, preweighed polyethylene bag. The bag and its contents were
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then weighed to the nearest 10 g on a Chatillon 6 K x 10 g balance.

After the total egg complement was weighed, a sample of 60 to 200 eggs

(plus ovarian fluid) was withdrawn and weighed on a Mettler P1200

balance to the nearest 0.01 g. These two weights, plus the number of

eggs in the sample were used in the following algebraic formula to

estimate the fecundity of each female:

(No. of eggs in her egg sample)(Total egg wt. —

Fecundity of female ~ plastic sack wt.)
(Wt. of her egg sample)

In 1975 and 1976, the eggs were stripped into a plastic colander

and consequently any ovarian fluid that did not coat the eggs was re

moved before they were initially weighed. A Mettler P2010 balance was

used in 1975 and 1976 to weigh the total egg mass produced by each

female to the nearest 0.1 g.

After the 60 to 200 eggs that were removed from the egg complement

of each female were weighed, they were placed in separate glass jars

partially filled with freshwater and allowed to water harden for 12 hr

in a refrigerator. The eggs were then hand—counted and three subsamples

of 20 eggs (chosen at random) were removed from each jar. To determine

the diameter of the eggs in each subsample, the eggs were placed on a

measuring board held at a 25° angle~ Once the eggs were in place, the

measuring board was lightly tapped three times and the total length of

the eggs (to the nearest .5 mm) was recorded. After being measured the

eggs were blotted dry on paper towelling, placed in a preweighed alumi

num foil pan, and weighed to the nearest 0.01 g on a Mettler P163
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balance. Each subsample was next dried in an oven at 97°C for 24 hr,

allowed to cool in a dessicator and then reweighed on the Mettler

bal ance.

The above data were utilized to estimate the amount of information

a male could possibly obtain about the egg size and fecundity of poten

tial mates based on their body size. Statistical analyses were per

formed to determine: 1) whether an increase in body size was accom

panied by increases in egg size and fecundity, and to calculate the

amount of variation in these traits that could be attributed to body

size, and 2) whether older females possessed more or larger eggs than

younger ones.

Examining Whether Body Size Reflects the Growth Rate and Age of Mature
Chum Salmon

Previous studies on salmon and other species of fish have implied

that both parental age and growth rate may affect various progeny charac

teristics (see pp. 54-58). Clearly, for a fish to preferentially mate

with individuals possessing “desirabl&’ age or growth characteristics,

it has to be able to detect differences in these traits among possible

sexual partners. In mature chum salmon such differences could be reflec

ted by their body sizes. For example, if substantial differences in

size occur among fish with dissimilar ages, then discrimination based on

age becomes possible. If such differences are not evident, then the age

of a potential mate is a cryptic trait and choice based on that charac

teristic is unlikely to evolve.
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The growth rate of a chum salmon might also be discerned by its

size if the fish within a deme are the same age. Presumably in this

case the largest animals would be the fastest growing ones within the

population. Such aggregations of fish could occur in two ways. First,

by a genetic mechanism (e.g., dominance or lack of variation) that locks

all the fish returning to a spawning area into the same life history

strategy. And second, by a propensity for fish originating from differ

ent brood years to return to the same stream at different times during a

spawning season.

Field evidence gathered on a few chum salmon runs has indicated

that there may be seasonal trends in the arrival times of fish produced

from different brood years. For instance, Mattson and Rowland (1963)

found that fish returning to Traitors River (S.E. Alaska) in August

1962, were primarily 4 years old, but as the run continued into

September over half of the fish migrating into the stream were 5 years

old. Helle (1979) observed a similar type of segregation in Olson Creek

(Prince William Sound, Alaska) except that in this stream older individu

als tended to arrive sooner than younger ones.

Since data on the arrival time, age, and size of almost all the

chum salmon that spawn in Big Beef Creek were routinely gathered, I used

this information to test the following null hypotheses: 1) size differ

ences do not exist among fish that mature at different ages, and 2) fish

originating from different brood years migrate and spawn in Big Beef
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Creek at the same time. To test the first null hypothesis I used one—

way ANOVA or “t11 tests to compare the lengths and weights of fish

(within a sex) that had matured at different ages but returned to the

stream during the same run and year. The second hypothesis was tested

by examining when males and females of different ages arrived into Big

Beef Creek.

The Artificial Crosses Used to Investigate Parental Effects on Progeny
Performance

Even if differences in body size allow salmon to recognize older or

faster growing4 individuals, such information will be of little use

unless such differences can be associated with progeny performance or

abundance. To decipher any such connections three artificial crosses

were made.

The relationship between male size at maturity and progeny growth

was examined in the first (Cross I) artificial cross. Nine males and

nine females collected from the late run in 1974 were used to create

three replicates of a 3 x 3 factorial cross. The females were all the

4When age is held constant, size at maturity may reflect the rela
tive growth rates of fish within a stock, but only if these fish experi
ence similar environmental conditions (e.g., availability of food, sea
temperatures, etc.). In some of the analyses presented in Chapter III
and described below I have assumed that fish returning to Big Beef Creek
at similar times, with the same age and sex, lived in equivalent rearing
environments. For instance, if two 4—year-old females returned to this
stream at approximately the same time (both year and date) I assumed
that the larger of the two had a greater intrinsic growth rate.
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same age (4 years old) and approximately the same weight (4.03 to

4.42 kg) but the males were either 3— or 4—years-old and their body sizes

fell into three distinct classes, “small~ (2.21 to 3.06 kg), hlmediumu

(4.71 to 4.96kg), and ulargeH (6.83 to 8.l9kci). Each factorial cross

was created by spawning three males (a small, medium, and large fish)

with three females.

Prior to fertilization the egg complement of each female was split

into three aliquots (equal parts) and each aliquot was then mixed with

semen collected from one of the males. Three half—sib families were

thus obtained from every female and each family was fathered by a male

with a different body size. Moreover, every male also produced three

half—sib families, but in this case each family had a different female

parent. By repeating this process three times, nine replicates of three

types of crosses (medium ~ x small o~ medium x medium cf~ and medium

x large J) based on male size at maturity were created.

A second artificial cross (Cross II) examined the effects of

paternal age and egg size on utilization of yolk materials by embryos.

Eight females (all 3—year—olds) and five males (one 2—, two 3—, and two

4—year—olds) obtained from the early run in 1975 were used to produce 24

families. The egg complement of each female was again split into thirds

and each third was fertilized by a male that had reached maturity at a

different age. Hence, eight replicates of three types of crosses (3 ~ x

2 d’~ 3 ~ x 3 c?’, 3 ~ x 4 based on paternal age were produced.
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A third artificial cross (Cross III) examined the effects of two

parental ages on progeny growth rates. Sixteen females (eight 3-year—

olds and eight 4-year—olds) and 24 males (twelve 3—year—olds and twelve

4-year—olds) selected from the late run in 1975, were crossed with one

another to create 32 families. The egg complement of every female was

split into two aliquots and each aliquot was fertilized by a male that

had matured at a different age. This procedure produced eight repli

cates of the following four types of crosses: 3 x 3 ~, 3 x 4 o’ 4

x 3 c~ and 4 x 4 G~

Most of the males (16) fertilized one aliquot of eggs, however,

eight males (four 3-year-olds and four 4-year-olds) were used to ferti

lize two aliquots. In these cases each aliquot of eggs originated from

a female that had matured at a different age. Thus, two half—sib fami

lies were produced from each of these fish and like those created from

every female, they represented a different union of parental ages. By

incubating and rearing these families it was possible to test if differ

ent combinations of parental age brought about consistent differences in

progeny performance (i.e., embryonic and post—emergent survival and

growth).

The Procedures Used to Fertilize and Incubate the Families Obtained

from Crosses I, II, and III. The udryn method of artificial fertiliza

tion was used to make Crosses I, II, and III. The fish were weighed,

measured, aged, and tagged with Petersen discs (to guarantee proper

identification) before they were spawned. Each male was wiped free of
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water and mucus, and artificially stripped into buckets (one to three——

depending on the Cross) lined with dry polyethlene bags.

Every female was anesthetized, bled, stripped of her eggs by inci

sion, and had her fecundity and egg size estimated as previously de

scribed (cf., pp. 63-65 Chapter II). To reduce contamination and

prevent egg activation before fertilization each female was wiped clean

of water, mucus, and blood just prior to egg removal. After the total

egg mass of each female was weighed it was divided into the necessary

number of aliquots (through weight) by using either a Chatillon (Cross

I, 1974) or Mettler P2010 (Crosses II and III, 1975) balance. Each

aliquot was then gently poured into the polyethylene bag that contained

semen originating from the desired male parent.

Immediately after the gametes were mixed (within 1 hr) they were

taken to an incubation facility. The families resulting from Cross I

were incubated and reared in a barn about 3 km away from the station

that had a 225 9~pm supply of (8.7 to 8.9°C) artesian water. The

hatchery used to incubate the families produced from Crosses II and III

was located next to the experimental stream about .5 km away from the

egg collection site, and it also had an artesian (~ 300 2pm, 9.0 to

9.9°C) water source. Vertical—stack fish incubators produced by the

Heath Tecna Corp. were employed in both hatcheries, and since the head

box, plastic plumbing, etc., used in the barn was installed in the newer

Big Beef Creek facility both hatcheries were very similar.



71

Once the gametes had arrived at a hatchery, water was added to each

polyethlene bag to activate the eggs and wash away any impurities and

excess semen. Every family was then placed into its own incubator tray.

The location of these trays within the 16—tray incubator stacks was ran

domized to eliminate any effects caused by tray position.

Six environmental conditions, light, dissolved oxygen (DO), water

temperature and velocity, density——i.e., the number of individuals/cm2,

and incubation substrate are known to affect how salmonid embryos and

alevins survive and perform during incubation. Consequently, these vari

ables were controlled to make the incubation environment experienced by

each family equivalent to one another.

Many studies have shown that chronic exposure to light during incu

bation may cause less efficient usage of yolk materials, losses in

weight before hatching, acceleration or delay in development, increases

in mortality, visual impairments, and decreased alertness in salmon and

trout (Smith 1916; Bell and Hoar 1950; Disler 1953; Eisler 1957; Brannon

1965; Poon 1977). Thus, all the incubator stacks were covered with

opaque polyethylene so that the eggs and alevins would not be exposed to

light except when they were periodically examined.

Since the water used in each hatchery originated from an artesian

spring, temperature remained essentially constant (+ .4°C as determined

by twice daily thermometer readings) throughout an incubation period.

However, the amount of dissolved oxygen in the water was relatively low

(~ 4 to 5 ppm). Therefore, it was aerated by feeding it through a
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perforated pipe (7.5 cm in dia) that ran the length of a 6—rn long x 1—rn

wide x 1—rn deep fiberglass “head box.” Moreover, after the water exited

the pipe it was splashed over a stainless steel screen. This technique

raised the dissolved oxygen concentration to 9 to 10 ppm C> 80%

saturation).

The head box, which was situated directly above the Heath incuba

tors supplied every stack of trays with 18.9 ~pm (5 gpm) of water.

Hence, the average apparent velocity in each tray was 883 cm/hr, well

within the recommended range of 54 to 5400 cm/hr (higher or lower veloci

ties may affect survival and decrease size at emergence—-Brannon 1965;

McNeil and Bailey 1975; Poon 1977). The flow rate into each stack was

routinely measured in mi/lO sec by using a stopwatch and a graduated

cylinder.

Egg and alevin densities in salmon incubation systems are also

known to influence progeny performance. For instance, Poon (1977) incu

bated chum salmon eggs in Heath trays and gravel boxes (single layer of

crushed gravel) at three different densities (0.94—.96, 1.88—1.92, and

3.75—3.85 eggs/cm2) under three flow regimes (25, 75, and 225 cm/hr).

He found that eggs incubated in the gravel boxes at the lower density

had the lowest mortality rate regardless of water flow. A similar but

less pronounced result (4.88% vs 5.94%) also occurred in the Heath

trays. During rr~’ experiments only 1/2 to 1/3 of the eggs produced from

a female (~ .52 to 1.25 eggs/cm2) were incubated within a tray. There

fore, I feel that any possible density effect on survival was avoided.
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Just prior to hatching the eggs were “shocked” and any unfertilized

or aborted ones were removed. Each family was then transferred into a

Heath tray equipped with an Astroturf mat. The (1283 cm2) mats were

attached to the bottom screen of the trays by using a Denni son Buttoneer

and either plastic or Neoprene buttons. After the eggs hatched, the ale—

vms inserted themselves among the plastic blades and remained quiescent

throughout the incubation period.

Examining Progeny Performance During the Incubation Period. Four

general categories of progeny performance were examined, survival, rate

of development, yolk material efficiency, and size at emergence.

Measuring pre—emergent survival. Pre—emergent survival in sal—

monid fishes has been linked by various investigators to egg size (e.g.,

Frost and Brown 1967, as cited by Ayles and Berst 1973; Fowler 1972;

Hopley 1975) and as mentioned earlier with parental age (Ayles and Berst

1973; Gall 1974) and possibly growth or size.

To determine whether fertility and progeny survival in chum salmon

were affected by parental age, body size, or egg size, I monitored the

occurrence of unfertilized eggs, pre—emergent death1 and monstrosities in

the families produced by Cross III. Every dead egg that was removed

from a family was placed in Stockard’s solution to determine whether it

possessed a zygote. These data were used to compute the percentage of

eggs in each family that had not been fertilized (determined by dividing

the number of unfertilized eggs by the total number of eggs present in a

family) and to calculate embryo (pre—hatching) mortality by dividing the
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number of fertilized but aborted eggs by the total number of fertilized

eggs in a family. Alevin (post-hatching) mortality was ascertained in a

similar manner but in this case the number of hatched but aborted ale—

vms was divided by the total number of alevins produced by a family.

The percentage of live fry in each family that were malformed either

because of mechanical shock (e.g., twins, swollen yolks, spine curva

tures, etc.) or genetic causes (e.g., albinos, mosaics, calcareous

eruptions, fin abnormalities, etc.) was also determined.

The above percentages (four/family) were transformed (with the arc—

sine transformation) and two statistical procedures were used to judge

whether the aforementioned parental traits affected fertility and pro

geny survival. First, correlation analyses were performed to determine

if associations existed between three parental traits (i.e., length,

weight, and egg size) and fertility, embryo and alevin mortality, and

the frequency of monstrosities. And second, model I two-way ANOVAs were

utilized to assess whether male or female age or certain combinations of

parental age influenced fertility and progeny survival.

Examining how quickly the young produced by various families

developed. The length of time it takes a salmon zygote to develop into

a fry may also have subtle effects on its ultimate survival. If it uses

all of its yolk materials too rapidly or too slowly, it may find that

stream and estuarine conditions are not ideal, e.g., food supplies may

not be abundant enough to allow it to obtain maximum growth, or heavy

concentrations of predators may have been drawn into an area because of
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previous concentrations of fry or their own migration patterns. Based

on these considerations it seemed reasonable to determine if any paren

tal traits (including egg size) influenced how quickly yolk material

could be converted into body tissues.

I measured differences in “developmental rate” in two ways. First,

by determining if alevins originating from various families (produced by

the same Cross) absorbed yolk materials at different velocities and

second, by dssessing whether fish from different families had the same

developmental condition factor5 (Bams 1970) after the incubation period

was terminated. In the latter case only families that had accumulated

an identical number of temperature units were compared.

Undoubtedly water temperature is the most important factor influenc

ing how quickly a salmonid zygote utilizes its yolk and develops into a

fry (Velsen 1980). However, paternal age (Childs and Law 1972; Clarke

et al. 1976) and other parental traits may also affect how rapidly a

zygote grows. Because the families created by Crosses I, II, and III

were either all created on the same day or were incubated in water with

a constant temperature, it was possible to test (without the confounding

5Bams (1970) formulated the following developmental condition fac
tor (KD) which can be used to estimate the proportion of yolk material
remaining in salmon alevins by measuring their lengths and weights:

K wet weight in mgD — length in mm

The values obtained from this formula are independent of fish size and
they decrease in a linear fashion as the animal utilizes its yolk and
beings to starve (Bams 1970).
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effect of water temperature) whether certain parental traits influenced

how fast chum salmon zygotes utilized yolk materials and developed into

fry.

Four sets of half-sib families produced by Cross III were used to

examine the importance of egg size and paternal age on how rapidly

alevins utilize yolk material. Twelve alevins were removed from each

family on six separate occasions during the incubation period. After

they were collected the alevins were placed in 10% forrnalin for 24 hr to

coagulate their yolks. Each yolk was then separated from its larval

tissue by dissection, placed in groups of three into aluminum foil pans,

dried at 97°C for 24 hr and weighed to the nearest .01 g on a Mettler

balance. In this manner four dry yolk weights were obtained on every

family at each sampling period.

Model I regression methods (Sokal and Rohlf 1969) were used to

determine how quickly fry from these families used their yolk materials.

The independent variable in these analyses was the number of temperature

units (°C) that the alevins had acquired by each sampling period, and

the dependent variable was the dry weight of three yolks.

After the regression analyses were completed, an analysis of covari—

ance was used to ascertain whether the alevins in one or more of the

families utilized their yolk materials at different rates. Because this

proved to be the case a Newman-Keuls multiple range test was employed to

test differences among the eight slopes. As mentioned earlier (cf..

pp. 69 ), each set of half—sib families came from the same female but
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were fathered by males that had matured at different ages, therefore it

was possible to examine the effects of male age on the rate of yolk use.

Moreover, because each of the four females had different egg sizes the

influence of this variable could also be examined.

Immediately after an incubation period was terminated, samples of

fry from every family created by the artifical crosses were removed so

that their developmental condition factors (Barns’ KD) could be calcu

lated. Three groups of 100 fry from each family created by Cross I were

blotted dry on a damp sponge, placed in a tared beaker filled with water,

and weighed to the nearest .01 g on a Mettler balance. Fork lengths

(TSFT) of 30 to 40 fish representing each family were also obtained by

anesthetizing and measuring portions of the previously weighed fry. The

mean wet weight and fork length of the sampled fry were then determined

and used to calculate an overall K0 for each family. In Crosses II and

III, 25 fry were randomly selected from every family, killed with a heav—

y dosage of MS-222, and individually weighed and measured. Consequently,

instead of an average K0 value (as in Cross I) each of these families

was represented by 25 values.

The above developmental condition factors were used as random vari

ables in several statistical tests. First, a model III (i.e., a mixed—

model) two-way ANOVA without replication was used to determine whether

paternal size influenced the average KD value of alevins originating

from families created by Cross I. The fixed treatment in this analysis

was male size, i.e., small, medium, or large (cf., p. 69), while the
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random treatment was the egg source or female. Second, similar analy

ses, except with replication, were used to investigate the effect of

male age on the developmental condition factors of alevins derived from

the families generated by Crosses II and III. And third, correlation

analyses were performed on some of these data to discover whether the

developmental condition factor of a fry at the end of its incubation

period was influenced by the estimated dry weight of the egg it origi

nated from.

Determining how economically fry from different families

utilized their yolk materials. The size of a chum salmon fry at emer

gence is another trait that is closely connected to its potential surviv

al. Predation on these small fish is intensive and appears to be size—

selective, e.g., Levanidov (1954), Kanid’ev (1966), Beall (1972), and

Sato (1972) all showed that small chum salmon fry were more vulnerable

to predation than large ones. This size bias probably occurs because

large salmonid fry can swim faster than small ones (Bainbridge 1958;

Bams 1967) and also their size makes it difficult for many predators to

swallow them (Beall 1972; Walker 1974). Moreover, Houston (1961) found

that large chum salmon fry (~6O mm) adpated to seawater more rapidly

than small ones (< 50 mm). He also observed that the locomotor perfor

mance of salmonids is depressed while the animals adjust to salt water

and therefore speculated that smaller, “less efficient” fry would be

susceptible to predation for longer periods of time than “more

efficient,” large fry.
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Furthermore, Koski (1975), working with chum salmon, and Bagenal

(1969), with brown trout, demonstrated that large unfed fry survived

longer without food than small ones. The ability to resist starvation

could be an important trait because unpredictable environmental factors

can delay emergence (Koski 1975) and possibly affect the exogenous food

supplies the young rely on.

One factor that can affect fry size at emergence is how efficiently

the zygote has utilized the energy reserves of its egg. Yolk materials

passing into a developing salmon are used to form new cells or support

already existing tissue (Gray 1928). However, the proportion of yolk

diverted into these tasks changes over time because the respiratory and

katabolic costs of maintaining an embryo increase as it becomes more

complex (Gray 1928). Consequently, the absolute amount of yolk material

that is used to maintain an embryo steadily increases as the animal

devel ops.

Because of the above considerations, it is clear that less—devel

oped embryos will have better “cumulative efficiencies” (because such

individuals have put less of their yolk into maintenance and more into

body tissues) than those that are nearer to emergence. Thus, to make

meaningful comparisons among fry based on how economically they have

utilized their yolk materials it is imperative that the fish be in the

same stage of development, i.e., have similar values. Consequently,

when I determined whether alevins originating from different families

varied in their ability to convert yolk materials into body tissue, the
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statistical comparisons were restricted to those families (created by

the same Cross) that had fry with equivalent developmental condition

factors.

I estimated how efficacious the alevins had been in converting

their yolk resources into body tissues by using the following proce

dures. At the conclusion of each incubation period (890, 895, and 880

temperature units °C for Crosses I, II, and III, respectively) a random

sample of fry (nine individuals from Cross I, 25 from Crosses II and

III) was removed from every family. The sampled fish were killed (cf.,

p. 77) and then divided into either three (Cross I) or five (Crosses II

and III) equal subsamples. Each subsample was placed into an aluminum

pan, dried for 48 hr at 97°C, and after cooling in a desiccator weighed

to the nearest .01 g on a Mettler balance. The total dry weight of

every subsample was then divided by the number of alevins in each pan.

This value which represented the mean dry weight of the alevins was in

turn divided by the estimated dry weight of the eggs they originated

from. The resulting quotients were estimates of the overall percentage

of yolk material that the alevins had converted into body tissue. These

values were normalized by the arcsine transformation and used in a vari

ety of statistical tests.

The influence of sire size and age on utilization of yolk material

was examined in two ways. First, model III two-way ANOVAs were used to

determine the importance of these traits on fry produced by Crosses I

and II. The fixed treatment in these analyses was either male size
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(Cross I) or age (Cross II), while the random treatment was once again

the egg source or female. Second, a “paired-sample t—test” (Zar 1974)

was employed to determine the importance of male age in the Cross III

families. In this analysis the “mean efficiency” of alevins originating

from the same female but fathered by males that had matured at 3 or 4

years of age were compared. Moreover, a correlation analysis was per

formed on data acquired from the Cross I families to determine whether

dry egg weight covaried with yolk material utilization.

Examining the influence of parental traits on progeny size.

The size of a chum salmon fry at emergence has also been linked with egg

size (both diameter and weight) and maternal age at maturity (cf., PP.

53 — 54 , Chapter II). However, before describing the experiments used

to examine the influence of these and other parental traits on progeny

size, the physiological factors that can bias any size comparisons among

fry produced by different families will be briefly mentioned. When a

salmonid alevin utilizes its yolk materials it absorbs water and increases

both its body length and total wet weight. But since body tissues possess

2.5 to 3 times as much water as yolk material, the total dry weight of an

alevin decreases as it grows (Gray 1928; Bams 1970; Poon 1977). There

fore, when making size (dry and wet weight or length) comparisons among

alevins produced by different parents the fish should have the same pro

portion of yolk and embryo tissue——i.e., be in the same developmental

stage (Brannon 1965; Bams 1970; Poon 1977). Otherwise the influence of

yolk material on body weight (wet or dry) or length is not considered,

and “detected inequalities” in these values may merely reflect that the
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fish are in different stages of development. Thus, before size compari

sons among fry produced by different families were performed I determin

ed through ANOVA and multiple comparison tests which groups (families)

of fry had similar KDs and hence could be compared with one another.

I based all of my size comparisons on body weight (both wet and

dry) because I felt that it was a more sensitive index of fry size than

either length or volume. In the preceding subsection I mentioned that a

random sample of fry was removed from each family at the completion of

its incubation period. The dry and wet weights of these individuals

were used in the tests described below.

The importance of dry egg weight and the paternal traits of body

weight and age—at—maturity on fry size at emergence were examined simul

taneously by using Model III two—way ANOVA techniques. Again, the fixed

treatment in these analyses was either male size (Cross I) or age

(Crosses II and III), while the random treatment was dry egg weight. To

further explore the association between dry egg weight and alevin weight

(at the conclusion of an incubation period) correlation analyses between

these two random variables were performed.

Furthermore, a Model I two-way ANOVA was employed to determine

whether female age at maturity influenced the size of her offspring at

the completion of an incubation period. In this analysis (which used

data acquired from four Cross III families) size comparisons were made

among fry originating from eggs with the same dry weights (fixed
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treatment “a”) but produced by females that had matured as either 3— or

4—year—old fish (fixed treatment “b”).

How the Families Created from Crosses I and III were Reared. The

few studies which have investigated the early marine survival of chum

salmon concluded that most of the natural (as opposed to fishing) estu—

anne and ocean mortality occurs within 40 to 100 days after they enter

salt water (Ricker 1964; Parker 1968). Predation may be the major cause

of this mortality (Parker 1971; Sibert 1972; Cooney et al. 1978; Card—

well and Fresh, unpubl. MS), although disease and starvation may also

decimate chum salmon populations. Since predation on these fish is of

ten size-selective (cf.. p. 78), parental fish that produce initially

large or rapidly growing fry should have a selective advantage over

those that do not. Consequently, if the phenotype of a mature fish can

be used to predict the growth rate or initial size of its potential off

spring, then this information could be employed by adult salmon while

they choose their sexual partners. Crosses I and III were made primari

ly to determine wehther parental phenotypes conveyed this kind of bio

logical information.

The families produced by Cross I were reared for 49 days in wooden

troughs supplied with artesian water. The 30.5—cm wide x 30.5—cm deep x

240—cm long troughs were divided by wooden—framed nylon mesh (1.6 mm

Delta) screens into three 30.5—cm x30.5—cm x 78.5—cm rearing areas. To

account for possible location effects the three half—sib families pro

duced by each male were placed into all three possible rearing areas
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(head, middle, and tail) in three different troughs, whereas the three

half—sib families originating from each female were always reared in the

same trough.

During the 7—week rearing period water depth in each trough was

maintained at 16.5 cm. Water temperature was a relatively constant

8.8°C (Range of 8.7 to 8.9, n = 98) and flow averaged 9.5 ~pm (S.D. 2.42,

n = 63) but varied somewhat from trough to trough. Flow rates were de

termined by collecting the outflow water of each trough in an 18.9 2~

bucket for 30 sec, measuring the amount collected in a graduated cylin

der, and multiplying this value by two. Like flow rates, dissolved

oxygen concentrations in each trough were determined on a weekly basis.

a Hach kit or model 54 YSI oxygen meter was used to sample the outlet

water of each trough. These values did not vary much from one trough to

another and were reasonably high (9.5 ppm, S.D. 0.23, n = 9) at the

beginning of the rearing period but gradually declined to ~7.9 ppm (S.D.

0.36, n = 9) at the conclusion of the experiment.

The fry were initially fed a dry starter mash for several days and

then were switched to an Oregon Moist Pellet diet (OMP) (Hublou 1963).

Each family was fed in excess of 14 to 16 times a day (0800 to 1700 hr).

As the fish grew the diameter of their food was changed so that it

equaled approximately 1/40th of their length. Uneaten food and feces

were siphoned out of each rearing area once every day to prevent the

water from fouling.
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To evaluate fish growth 25 individuals were removed from each fam

ily once every 7 days. The fish were captured by dip net, placed into

18.9 ~plastic buckets half—filled with water, and transported to the

freshwater laboratory located at Big Beef Creek. To help ensure that

the wet weights of the fish would be equivalent to their live weights,

every bucket was supplied with an air stone so that the fish would have

sufficient oxygen (Parker 1965). Moreover, to reduce the influence that

undigested food pellets might have on both wet and dry weights, the fish

were always collected in the morning before their first scheduled feed

ing period.

The order in which the samples were processed was not totally ran

dom because I weighed and measured the samples that originated from the

same female, i.e., those representing maternal half—sib families, one

right after the other. However, the groups of samples representing dif

ferent females were not processed in any particular sequence. After the

fish in a sample had been killed by a heavy dosage of MS—222, individual

lengths (TSFT to the nearest .5 mm) were taken, and the animals were

layed on moist paper toweling. Just before the fish were weighed they

were blotted three times on each side on dry paper toweling. The above

procedures were implemented to reduce absorption of water after death

and to remove moisture adhering to the outside surface of the fish in a

standardized manner (Parker 1965).

Once a fish had been blotted dry it was placed into a pre—weighed

aluminum foil pan that rested on a Mettler P163 balance. Five fish were
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placed one at a time into each pan. Their individual weights were

ascertained by subtracting the weight of the pan plus any fish that may

have been in it, from the weight recorded after the fish was added.

Because the fish were weighed in the same order that they had been

measured, the length and weight of every individual was determined. The

five pans of fish frocn each sample were next put into an oven, dried for

48 hr at 97°C, allowed to cool in a desiccator and reweighed on the

Mettler balance to the nearest .01 of a g.

The Cross III families were sampled in the same way but were reared

in a slightly different manner. In this case each family was fed for 98

days (14 wk) in its own 30.5—cm wide x 45.7—cm deep x 112.2—cm long

wooden trough. The troughs were placed outside the hatchery located at

Big Beef Creek and were protected from snow, rain, and direct sunlight

by a roof made of green fiberglass. The 32 troughs used in this rearing

experiment were split into two equal groups and placed back—to—back so

that one group faced away, and the other faced toward the hatchery build

ing. A “header box” equipped with an overflow standpipe rested on the

backs of the troughs and supplied each one with its own water supply.

Because the position of a trough may influence how the fish within it

grow and survive, a random number table was used to assign each family a

rearing location.

Water height was again controlled and it averaged 18.8 cm (S.D.

0.79, range 17.2 to 20.6 cm, n 32). Thus, each family was provided

with approximately .065 m3 of rearing space (S.D. 0.003, range .058 to
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.070 m3, n = 32) as opposed to .040 m3 of space for the Cross I families.

Since the rearing water originated from an artesian well, temperature

remained fairly constant (~ = 9.59, S.D. 0.16, n = 832) but it did vary

somewhat according to climatic conditions (range = 9.2 — 10.0°C). Flow

rates into each trough were determined three times a week by capturing

inflowing water in a container for 10 sec and measuring the amount col

lected in a graduated cylinder. The flow rate into every rearing area

could be regulated, so the flow rates into every trough were kept fairly

similar (~ = 6.9 ~pm, S.D. 0.16, range 5.6 to 8.0, n = 832) during the

entire rearing period. Dissolved oxygen concentrations were determined

as before but tended to be lower (~ = 6.73 ppm, S.D. 0.53, n = 64) than

those experienced by the Cross I families, although they remained rela

tively constant through time (range = 7.4 to 5.8 ppm).

The dry starter mash fed to the families produced by Cross I caused

abrasions on the gills and other body surfaces that later became sites

of Saprolegnia infestation. To prevent this from occurring to the fry

produced by Cross III they were reared entirely on an OMP diet. Moreover,

unlike the families created by Cross I that were fed approximately 4% of

their wet weight/day, these families received a little over 16% of their

wet weight in food/day (or ~1% of their body weight per feeding). As in

the first rearing experiment the troughs were cleaned once a day with a

siphon.

While the Cross III families were being reared every effort was

made to ensure that the environmental conditions within each trough were
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as similar as possible to one another. Besides regulating flow rates, I

also adjusted the rearing density (i.e., grams of fish/liter/mm) within

each trough on a weekly basis. By following this procedure all the fam

ilies had the same density or grams of fish/liter/mm at the beQin

fling of each rearing week.

After the rearing experiment was terminated I used one-way ANOVAs

to determine whether the troughs had similar water temperatures and con

centrations of dissolved oxygen. The results of these tests (water

temperature F = 0.65, < F .05 (2) 7, 824 ~2.29; dissolved oxygen F =

0.13< F .05(2) 7, 56 ~2.53) indicated that the troughs were apparently

similar with respect to these variables.

One other factor that could potentially affect the observed growth

rate of a family was also investigated. If males grow more rapidly than

females (or vice-versa) and if some families possessed more males than

females, then observed inequalities in growth rates among the families

may merely reflect a difference in sex ratios rather than other types of

genetic differences. I examined this possibility by weighing, measuring

(cf., p. ) and sexing (using methods described by Jensen and Hyde

1971) 800 individuals originating from 20 families (40 fry were examined

per family) after the rearing experiment was completed. A “paired

t-test” was used on some of the resulting data to compare the mean wet

weight of male and female siblings. The results of this test (t 3.245

> t .05(2) 19 = 2.093) showed that the males in each family tended to be

heavier than their sisters after 14 wk of rearing.
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Consequently, it was important to determine whether the sex ratios

present in these families were similar to one another. To determine

this I performed a 2 x 20 chi square analysis (Siegel 1956) and found no

differences (x2 = 19.30 < x2 .05, 19 = 30.14). Therefore, I assumed

that the sex ratios in all of the families were equivalent and that the

apparent difference in male and female growth rates did not bias the sta

tistical procedures used to compare the growth rates of one family

against any of the others.

Examining Progeny Performance During the Rearing Experiments. The

performance of each family was evaluated by determining how rapidly its

members grew and, in the case of the families created by Cross III, by

how well they survived. Growth was estimated by using Model I regres

sion techniques (Sokal and Rohlf 1969). The independent variable (i.e.,

x) in each analysis (one per family) was time in weeks, and for every

rearing week there were five replicates of the dependent variable (y).

Each y represented the mean dry weight of five fry after this variable

had been transformed by using the Log10 transformation. Since the slope

of each regression line expressed the change in y (mean dry weight) that

occurred on the average with a unit change in x (i.e., per week) I used

this value to estimate the growth rate of a family.

Once the slopes had been calculated, analyses of covariance were em

ployed to determine if any differences occurred among them. If dissimi

larities were evident, then a Newman—Keuls multiple range test was used

to ascertain which slopes differed. Because the families produced by

Crosses I and III were reared under slightly different conditions,the
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kinds of comparison that could be made among their families were not the

same.

For example, when the families produced by Cross I were raised no

effort was made to standardize the environment within each rearing area.

Consequently, it was only possible to comp~re the growth rates (i.e.,

slopes) of maternal half—sib families because they had been reared in

the same trough (although in different portions of it) under similar

rearing densities (i.e., grams of fry/liter/mm).

Since the families originating from Cross III were raised under

more controlled conditions the types of comparisons that could be made

were much more extensive. As in the analyses performed on the families

produced by Cross I, growth comparisons were made between the maternal

half—sib families. Moreover, it was also possible to: 1) compare

growth rates between paternal half—sib families, 2) perform an analysis

of covariance on pooled regression data to determine if certain combina

tions of parental ages produced more rapidly growing fry, 3) test with

correlation analyses some of Vladimirov’s (1973) hypotheses (cf., pp.

55 ) about the importance of parental growth (as reflected by size) on

the growth of their young, and 4) examine with correlation analyses the

influence of dry egg weight on growth and progeny size at the end of the

rearing experiment.

Data collected on the families created by Cross III were also used

to determine whether egg size, parental size, or age at maturity influ

enced progeny viability once exogenous feeding began. Records of the
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number of fish dying (of natural causes) per week were kept on each

family. These values were divided by the number of fish present in a

family at the beginning of each rearing week and therefore every

quotient equaled the percentage of fish within a family that died during

a particular week. From the above data I calculated an average mortality

rate/week (to facilitate statistical analyses) on every family. This was

done by transforming the weekly mortality percentages with the arcsine

transformation, summing them, and dividing the total by the number of

weeks the fish were reared (i.e., by 14).

Correlation analyses between dry egg weight or parental size (both

length and weight) and the average weekly mortality rates experienced by

the families were performed to determine: 1) whether fry originating

from large eggs suffered a higher mortality rate than those prQduced by

small eggs (e.g., Fowler 1972; Hopley 1975) or 2) if individuals created

by large maternal or paternal fish survived better than those begot by

smaller parents (e.g., Vladimirov 1973). Two basic types of correlations

were performed, those where parental age was held constant and those

that used data gathered on all 32 families.

The effect of certain combinations of parental ages on progeny sur

vival was exmained by using a Model I two—way ANOVA. In this analysis

male and female age were the fixed treatments while the average weekly

mortality rate of families representing each type of parental cross

(i.e., 3 x 3, 3 x 4, 4 x 3, 4 x 4) were the random variables.
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CHAPTER III. RESULTS AND DISCUSSION

Factors Influencing the Creation of Overall Mating Patterns
in Chum Salmon Demes

Overall mating patterns in chum salmon demes based upon size or

age-at—maturity may occasionally be affected by the arrival and subse

quent distribution of fish onto their spawning grounds. Hunter (1959),

Mattson and Rowland (1963), Sano (1966), Bailey (1976), and Helle (1979)

all observed that chum salmon originating from different brood years

migrated into their natal streams at slightly different times. Such a

propensity enhances the likelihood of an overall positive assortative

mating pattern since fish with similar ages and presumably body sizes

would arrive on a spawning ground at the same time.

Moreover, instream movements of spawners may also cause aggrega

tions of fish having similar phenotypes. Larger and stronger individu

als may be able to migrate over rapids or falls that smaller fish are

unable to negotiate. Conversely, in periods of low stream flow, smaller

fish may penetrate further upstream than larger individuals. Consequent

ly, even if fish representing an array of brood years entered a stream

simultaneously they may utilize different spawning areas.

The impact of such temporal and spatial factors on overall mating

patterns in chum salmon demes probably varies yearly and by population,

but in most cases it should remain relatively unimportant. First, total

temporal isolation of one age group from all the others spawning in the

same stream rarely occurs, even in those streams where such tendencies



94

have been observed (see Helle 1979, Appendix 2). Other churn salmon popu

lations may never exhibit these migration patterns. Table 1 for instance,

shows that the age composition of chum salmon entering Big Beef Creek

tends to remain fairly constant throughout a run. Second, even if fish

arrive on a spawning ground at dissimilar times they may still be able

to spawn with one another. Data gathered on fish placed in the experi

mental stream showed males would court and spawn with females for 10 to

18 days or throughout almost their entire spawning ground residency

(Table 2). Consequently, the potential amount of gene exchange occur

ring among fish arriving into a stream at different times can be quite

high.

Third, in North America, most of the chum salmon stocks south of

Central Alaska spawn in short coastal streams. These fish usually

mature and reproduce soon after reaching freshwater (Gilbert 1923; Neave

1966) and thus tend to breed in the first several kilometers of their

natal streams. Helle (1979) for example, observed that 95% of the

spawning area utilized by chum salmon returning to Olsen Creek (Prince

William Sound, Alaska) was located in an intertidal stream channel.

Spatial isolation based on size in such areas is improbable because up—

or downstream movement is not hindered at high tide.

In coastal streams where intertidal spawning rarely occurs several

factors other than body size appear to affect where chum salmon spawn.

Hunter (1959) found that certain portions of Hooknose Creek (King

Island, British Columbia) were consistently utilized while other adja—
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cent areas were not. Apparently, where a female spawns is influenced by

water depth, velocity, the occurrence of upwelling or accelerating flows,

gravel composition (Sano 1966; Roopes 1972; Tautz and Groot 1975; Duker

1977; Graybill 1978), and whether a site is guarded by other females

(Mathisen 1955; Schroder 1973). A study by Duker (1977) showed that

chum salmon females from the same stock constructed nests in similar

types of gravel, regardless of their body size. Since the gravel compo

sition of a streambed is affected by stream velocity, width, gradient,

and flow (Hoopes 1972) these results imply that fish of various sizes

prefer spawning sites with similar hydrological characteristics.

The length of time a female migrates or remains in freshwater be

fore she begins to search for a territory location is undoubtedly asso

ciated with her sexual maturity. Developing salmon eggs are sensitive

to mechanical shock until blastopore closure (r444 T.U. °C, Smirnov

1955) and consequently, the longer a female can protect her eggs from

being dislodged by other fish, the greater the probability her eggs will

survive to produce fry. Thus, a mature female should quickly take pos

session of a spawning site, mate, and guard her eggs for as long as

possible. Since female chum salmon returning to coastal streams are

usually mature, and prefer to spawn in similar areas, it is likely that

females with different body sizes will often spawn in close proximity to

one another.

The reproductive activities of males also increase the likelihood

that fish with different body sizes will be found in the same spawning
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areas. Males neither prepare nests nor protect recently buried eggs;

free of this kind of parental investment a male’s potential fitness de

pends primarily on his ability to fertilize eggs. To accomplish this

task males remain reproductively active for long periods of time and

move up— and downstream in search of females. In fact, a tagging experi

ment in Traitor’s River (Mattson et al. 1964) showed that chum salmon

males commonly moved 180 to 360 m and in one case 1.8 km (the length of

the spawning ground) after becoming sexually mature. The tendency to

search for females increases the chance that males with different body

sizes or ages will randomly distribute themselves throughout a spawning

ground.

Fourth, the chum salmon that return to a major river system usually

represent a variety of stocks (Gilbert 1923; Smirnov 1975; Birruan 1977).

The fish in such stocks, like those returning to smaller streams will

return to particular portions of a watershed to breed (Birman 1956, as

cited by Birman 1977). These traditional spawning areas may be very

different from one another; for instance, some may be located in limno

crenes, others in areas of fast current and so on (Smirnov 1975). Re

gardless of where a stock spawns all of its members should reach sexual

maturity at approximately the same time. For plainly, it does not pay a

semelparous organism of either sex to reach maturity before or after

most of its contemporaries. As we have seen, when a chum salmon reaches

maturity, its location within a spawning ground should be governed large

ly by the presence of desirable resources (i.e., spawning sites, poten

tial mates, etc.) and not by its absolute size. Consequently, it is
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clear that fish of various sizes or ages will probably mate randomly

with one another unless sexual selection intervenes.

The Overall Mating Patterns Obser the Experim ta Stream

The reproductive tactics of each sex (Cf., Fig. 2) make the likeli

hood of sexual selection, particularly intrasexual competition, very

great. Male competition for females is expected to escalate as a spawn

ing season progresses because females remain sexually active for much

shorter periods of time than ,lIdles. Most of the females placed into the

experimental stream successfully buried all of their eggs within 30 to

40 hr after starting their first nest (Fig. 6). Assuredly, female and

male competition for space and mates, intrinsic differences among stocks,

and climatic factors may alter the amount of time a female spends on egg

deposition. However, observations made in the experimental stream under

varying climatic and social circumstances showed that the longest time a

female spent constructing her nests was 93 hr. This is still only one-

third as long as most males remain sexually active (cf., Table 2).

Figure 7 illustrates the increase in the number of sexually active

males/”active” female (OSR) in one section of the experimental stream.

In spawning areas where fish arrive on a continuous basis the OSR must

correspondingly increase although probably not in such a dramatic man

ner. The influence that such skewed sex ratios have on overall mating

patterns depends on how males compete among themselves for females and

whether either sex possesses a tendency to prefer mates with certain

phenotypic traits. For example, regardless of the OSR in a deme the
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overall mating pattern could be random if mate choice is determined

entirely on a “first—come first—served” basis. Moreover, a nonrandom

mating pattern could consistently manifest itself in demes with differ

ent OSRs if one or both sexes select mates on the basis of body size or

some other variable phenotypic trait. However, if ritualized fighting

or simple aggression play important roles in determining which males

have access to females, then the OSR of a deme may have profound effects

on who spawns with whom.

Fish were placed into 17 sections of the experimental stream to as

certain whether overall mating patterns remained the same or varied un

der different OSRs. The age composition and weight range of these fish,

how often they were observed, and the mean OSR of each population is pre

sented in Table 3. A representative sample of the overall mating pat

terns observed in these sections is depicted in Fig. 8. This figure

shows that when the OSR was < 1 pairing was essentially random. To

clarify what occurred at higher OSRs the number of expected and observed

pairs that had “low,” “medium,” and “high” weight ratios (c?~wt:~ wt.) in

seven sections of the experimental stream are shown in Table 4.

The data in this table and in Fig. 8 illustrate that when OSRs are

> 1.4, pairs with relatively low size ratios occur less often than

expected (Fig. 8c). Moreover, at relativly high OSRs C> 3) most of the

observed pairs had size ratios in the upper third of those possible

(Fig. 8e,f). Clearly, these fish are not pairing randomly when the OSR

exceeds 1, nor are they consistently, if ever, pairing in a positive
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assortative fashion. Instead, overall mating patterns appear to vary

with the OSR occurring within a breeding population.

The Effects of Sexual Selection on Males

The studies that examined male and female intrasexual competition

and epigamic selection were performed to determine the importance of

these factors on the creation of the overall mating patterns observed in

the experimental stream. Intrasexual competition among males for mates

appears to be the most important factor affecting these patterns.

The average amount of time that “small,” “medium,” and “large”

males (cf., p. 32) spent as alpha males under various OSRs is depicted

in Fig. 9. One—way ANOVAs and Newman—Keuls multiple rancie tests were

performed on these data (Table 5), and showed that males in all three

size classes had equal access to females when the OSR was < 1.4. As the

OSRs increased the relative size of a male became more important. For

example, when the OSR exceeded 1.4 but was less than 2 “large” and “me

dium” sized males usually spent more time courting females than “small”

ones. When competition for females became more intense (OSR >3) the

largest males in a deme had a decided advantage over their smaller ri

vals. However, the amount of time these animals spent courting females

also decreased at the highest OSRs observed (see Fig. 9). This is to be

expected, because at these OSRs “large” males regularly competed among

themselves, rather than against smaller rivals, for the relatively few

females that were available. Consequently, one possible reason that

pairs with low size ratios become scarce at high OSRs is simply that
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smaller males cannot successfully defend the females they find nor seize

females from males that are already courting them.

The Importance of Male Size and Physical Condition in Intrasexual Combat

Male chum salmon use physical force, i.e., open mouthed rushes,

bites, and body blocks to exclude or usurp sexual rivals from potential

mates. Occasionally these simple confrontations escalate into ritual

ized battles complete with stereotypic displays (Fig. 10). When this

happens the males perform a “lateral display” by lying motionless and

parallel to one another with their dorsal fins fully raised. One of the

males will then slowly swim about a meter upstream, turn laterally and

display his side. The downstream fish may then attack the displayed

side or remain stationary. If the displaying male is not attacked he

may thrust his caudal fin under his rival’s head and repeat the above

“T” display or drift further downstream and attack the side of his

motionless opponent (Schroder 1973).

During an attack a fish hurls himself towards his rival with power

ful strokes of his caudal fin. His mouth is often widely agape and if

he can grasp a fin or portion of his opponent’s body he will shake his

head rapidly back and forth. Each attack lasts for several seconds and

after it is completed both males return to the nest site of the con

tested female and resume the lateral display. Shortly therafter one of

the males will move upstream and perform another “T” display. This

sequence of displays and attacks may last for several hours or more.
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The ability of a male to win these contests and otherwise defend

his potential mates depends in part on his size and physical condition.

I attempted to determine the relative importance of these two factors on

male dominance by artificially arranging confrontations between males

that were larger than their opponents but in poorer physical condition

(cf., pp. 33-34). Five males (“residentst1) were held in the experimental

stream and forced, on a daily basis, to compete against smaller oppo

nents that had recently entered freshwater. The data presented in

Table 6 show that for approximately 70% of their reproductive lifetimes

the 11resident” males dominated opponents that were nine—tenths their

size. As these fish neared death their ability to defeat smaller oppo

nents slowly decreased. Thus, it appears that the relative size of a

male plays an important role in determining how many sexual rivals he

will be able to dominate throughout his reproductive life.

The behavioral observations made on the “resident” males and their

smaller “challengers” also revealed that if one individual was clearly

dominant, the weaker animal would usually attempt to escape. Since this

was impossible in the experimental stream, the subdominant males would

lower their heads into the substrate, raise their tails, and remain

quiescent except for slight movements from their operculums. While in

this posture, which was commonly maintained for hours, they remained

fairly immune from attack. McCart (1970) noticed a very similar “sub

missive posture”6 in sockeye salmon while he was observing male intra—

sexual competition in small, enclosed “pens.” Under natural spawning
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conditions this display probably rarely occurs because weaker males

should be able to swim away from their stronger antagonists.

If the difference in strength between a “resident” and “challenger”

was not as great as above, then the subdominant male would position him

self in back of the alpha male and become a satellite to the courting

pair. Ritualized fights occurred only when the males were equally

matched. McCart (1970) observed that “large” sockeye males commonly

ignored the lateral displays presented to them by smaller opponents.

While rr~’ “resident” males were in good physical condition they either did

the same thing or attacked their smaller opponents without performing a

“T” display (see Fig. 10). However, as they grew weaker, ritualized

contests between “resident” males and “challengers” one half their weight

did occur. This suggests that males use factors besides absolute mass

to assess the relative strength of their rivals. Perhaps how easily a

male can be pushed, the strength of his blows or color pattern (see pp.

129-136) convey information about his tenacity and vigor to sexual

rivals.

The Occurrence and Gametic Success of Satellite Males in Chum Salmon
0 emes

Once a male has been dominated he may either leave and search for

other females or remain as a satellite. Contrary to the above observa

tions which were made in confined areas (1.5 x 3.0 m sections of the

6Dead salmon often assume this posture and consequently this
display may be an attempt to mimic a carcass rather than an effort to
communicate submissiveness.
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experimental stream), relatively weak males may adopt this strategy

since under more spacious conditions they can evade the repeated attacks

of an opponent. Moreover, as the OSR of a deme increases the ability, of

a male to totally dominate a rival also diminishes because he usually

has to simultaneously contend with more than one opponent.

Ecological theory predicts that as male intrasexual competition esc

alates the occurrence of satellite males will increase. Data gathered

in the experimental stream and presented in Fiq. 11 corroborate this con

tention. The figure shows that the percentage of sexually active males

utilizing this strate~’ was nearly zero when the OSR was <1.4 but was

approximately 20% at higher OSRs.

The number of satellite males associated with a pair remained sur

prisingly constant throughout the range of OSRs examined (Table 7). How

ever, the percentage of pairs within a deme accompanied by satellites

rose in an almost linear fashion as the OSR increased (Fig. 12). These

data suggest that if a male is dominated by two or three sexual rivals

he tends to leave a female rather than stay and occupy a subordinate

position.

There are two reasons for this behavioral trend. First, while a fe

male constructs a nest she continually broadcasts information about her

reproductive status (cf., pp. 146-159). The closer a male can locate

himself to an “active” female the greater the likelihood he will be able

to perceive this information and act in an appropriate manner. Both

McCart (1970) and Schroder (1973) observed that dominance hierarchies
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exist among satellite males. The weakest fish in these temporary social

systems are forced to the rear, and to one side of the pair. Thus, un

der some circumstances it may pay a relatively weak male to continue to

search for a mate, rather than stay in a postion where information vital

to his potential fitness is obscured by competitors.

Second, even if a subordinate male can detect when a female begins

to spawn, his chances of fertilizing any of her eggs is probably affec

ted by the number and position of the males competing against him. In

tuitively, one would expect that males lying on the peripherial edges of

spawning groups would fertilize few if any eggs. Therefore, sperm com

petition may, like occlusion of behavioral cues, prompt relatively weak

males to abandon highly contested females.

During a spawning act the female and alpha male lie tightly paral

lel to one another with their mouths widely agape. If satellite males

are present, the most dominant one will position himself in a similar

manner on the opposite side of the female. Additional satellites either

lie adjacent to these males, or more commonly, attempt to stop the

spawning act by pushing or lifting the female out of her nest depression.

Similar interruptions are also caused by alpha males. In their efforts

to attack male competitors they regularly dislodge females from their

nests just before egg deposition occurs. These behavior patterns sug

gest that subordinate individuals may fertilize a portion of the eggs

deposited during any given spawning act.
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To estimate the gametic contributions of alpha and satellite males

horizontal starch gel electrophoresis was utilized. Ten groups of fish

consisting of one female and two or three males were placed into the

viewing chamber and allowed to spawn. Videotape films were made of the

fish and used with field observations to determine the dominance rela

tionships among the males.

The males that competed for each female possessed different allo—

zyrne phenotypes. For example, in those cases where there were two

males, one had the AAAa banding pattern of MT while the other had the

homozygous form. In the one instance where three males spawned simul

taneously with a female each male had a different combination of AAT and

PMI banding patterns (Table 8). All the females used in the experiment

had homozygous banding patterns in both of these isozyme systems.

Thus, by analyzing some of the progeny produced from each spawning

it was possible to estimate the percentage of eggs each male fertilized.

Figure 13 presents the results of the biochemical analyses performed on

the progeny and shows that under some circumstances, satellite males can

make significant gametic contributions. Moreover, once these data were

coupled with the behavioral observations made while the fish spawned, it

was clear that the closer and more attuned a male was to the female the

more eggs he was able to fertilize.

It would be inappropriate to conclude that all satellite males are

as successful as those shown in Fig. 13. In the above experiment, alpha

males were able to prevent their sexual rivals from spawning four out of
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ten times. In another case (spawning No. 4, Fig. 13) the satellite male

spawned with the pair but did not fertilize any eggs. Apparently, this

occurred because during the spawning act he was lying next to the alpha

male rather than the female.

One factor that could have affected the data presented in Fig. 13

was the fertility of the males involved in each mating. It is difficult

to assess male fertility since it can vary from one day to the next

(cf., p. 129 ). However, I did artificially cross some of the alpha

and satellite males with the females they had spawned with. In every

instance (Table 9) the males appeared to be equally fertile.

Evidence of Female Choice and Its Effect on the Reproductive Success of
Males

The above observations suggest that the potential reproductive suc

cess of a male is influenced by his size and strength relative to other

males and the OSR existing within his spawning community. In general

“large” males appear to have a reproductive advantage over relatively

smaller rivals. However, the ability of a male to fertilize eggs may

also be affected by female choice.

Current selection theory predicts that the sex making the greatest

parental investment will be more selective about who it mates with than

the less heavily investing one (Trivers 1972). Chum salmon males do not

establish territories nor do they provide parental care. On the other

hand, female salmon produce large, nutrient rich eggs, and procure

territory locations where they bury and guard their young for several
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days or longer. Consequently, female salmon are expected to exercise

more judgement in mate choice than males.

Because chum salmon females cannot discriminate among males on the

basis of territory quality, or their willingness to participate in

parental care they are forced to choose their mates on the basis of

their genetic qualities. They can accomplish this by evaluating how a

male behaves (particularly in intramale competition) and by his physical

attributes e.g., body size, etc. Obviously, the behavioral and physical

traits a female uses when choosing a mate should correlate with her in

clusive fitness, be variable, difficult to disguise, and discernible pri

or to mating (Searcy 1979). The only two traits in male chum salmon

that could potentially fulfill all the above criteria are their color

patterns and body sizes.

By inspecting the color patterns of the males that court her, a

female can conceivably obtain information about their physical condition

and social status. For example, as a male remains in freshwater, injur

ies, pathogenic infestations, and other factors obliterate his normal re

productive appearance. Field observations made on females courted by

males in poor physical condition indicated that these fish did not rea

dily spawn, even when they were sequestered from other conspecifics.

Two possible explanations for this phenomenon are that such males are

not as fertile as newly arriving fish or the elimination of normal body

coloration may remove species-specific cues that allow females to 1recog—

nize” conspecific males.
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The latter speculation appears to be most plausible. The results

of the hatchery experiments designed to examine temporal changes in male

fertility showed that male chum salmon were able to fertilize eggs up to

the time of their deaths (Fig. 14>. This is not too surprising since

the potential fitness of a male depends to a large extent on the number

of eggs he is able to fertilize. Consequently, strong selection pres

sures have probably been exerted on males to remain fertile for as long

as possible. However, periods of infertility did occur. Moreover, they

appeared to be associated with the 11water content” of the ejaculate.

When over 96% of a milt sample consisted of evaporable constituents fer

tility declined (Fig. 15). Yet, it is apparent from Fig. 14 that the

length of time a male remained in freshwater (and thus presumably his

physical appearance) was not necessarily linked with the “water content”

of his ejaculate.

The above observations make it clear that male fertility is not

easily assessed by females and therefore it is probably not a factor in

mate choice in this species. Nevertheless, the color pattern of a male

may provide a female with important information of another sort. Kees

Groot (personal communication) in an ingenious experiment, ascertained

that a male’s social position relative to other sexual rivals is reflec

ted by his color pattern. Groot placed adult chum salmon into an aquar

ium and allowed the fish to form pairs complete with satellite males.

He noticed that the satellite males and females had the stripe color

pattern while the alpha males all possessed the bar pattern. Moreover,

he was able to quickly (within seconds) alter the color pattern of an
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alpha male by striking its side with a broom handle. Invariably, the

struck male lost his vertical bars and developed a dark lateral stripe.

Once the broom handle was removed, the alpha male would usually nip at

adjacent satellite males and in the process resume the bar color

pattern.

Other empirical observations tend to confirm the apparent associ

ation between male dominance and the bar color pattern. Groot discov

ered that he could predict the outcomes of ritualized battles between

males by observing their color patterns. At the onset of such contests

both males usually possess the bar pattern. However, during the later

stages of a confrontation the weaker of the two males always loses this

color pattern and develops a lateral stripe.

The observations I made in the experimental stream (Fig. 16) gener

ally corroborate those made by Groot. Although, as Fig. 16 shows, not

all alpha males have bars, nor all satellites stripes. If an alpha male

was intimidated by a neighboring male he often lost the bar color pat

tern. Additionally, there was an apparent decrease in the number of al

pha males having bars in those sections of the artificial stream where

intrasexual competition for females had become intense. This probably

occurred because these males were constantly being interrupted or attack

ed by sexual rivals. The presence of the bar color pattern on wandering

males seemed to remain about the same (~4O%) within the range of the

OSRs examined. This was also true for satellite males who persistently

possessed the stripe color pattern (~96% of the time) except when they
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engaged in ritualized fights among themselves. Female chum salmon also

exhibit the bar pattern, particularly in the early stages of their fresh

water residency. However, once they begin to construct their first nest

they always develop a dark lateral stripe. After this occurs, a female

retains this color pattern until she dies.7

The above color patterns, and the ability of the fish to rapidly

shift from one morph to another are apparently the consequence of two

distinct selection pressures. First, it is advantageous for male and

female salmon to recognize the sex of other conspecifics and to be able

to express their own gender. For instance, Selander (1965) has suggest

ed it pays females to advertise their femininity in species where vigor

ous intrasexual competition occurs among males, inasmuch as such traits

should reduce male aggression during courtship and mating. In chum sal

mon a decrease in intersexual aggression probably allows females to con

struct nests and bury their eggs in a more expeditious manner than if

they were continaully mistaken for males and subsequently attacked. Be

sides possibly avoiding male aggression, flfeminineu appearing females

should also attract more potential mates, simply because males can quick—

ly identify them. An increase in 11attractiveness” will provide a female

with a greater array of males to choose among and thereby enhance her

chances of selecting superior mates. Moreover, the amount of time such

females will need to deposit their eggs will depend more on their

71n an experiment designed to determine whether males preferred
‘1arge” or 11small” mates (cf., pp. 48 , Chapter II) one female devel
oped bars while repeatedly attacking another one. This was the only
time, during three field seasons, that I observed a territorial female
lose her stripe color pattern. However, the color patterns of females
were not as closely observed as those of males and consequently shifts
may occasionally occur.
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abilities to construct and bury nests rather than on the presence or

absence of males. This is an important consideration, since the sooner

a female can deposit her eggs, the longer she can protect them from

mechanical shock (and presumably death) caused by the digging activities

of neighboring fish.

Males that can recognize females should also be favored by natural

selection because they will spend less time searching for mates and make

fewer fruitless attacks on females. Clearly, male attacks on females

are expensive since they deplete the energy stores of the attacking

animals and delay females from completing their nests and spawning. Any

delay in this procedure increases the likelihood that the attacking in

dividuals will be usurped by more powerful rivals.

Selection pressures are also expected to cause males to develop mas

culine traits that repulse or threaten rivals or attract females. Addi

tionally, in species where paternal care is nonexistent, males are

expected to exaggerate phenotypic attributes that may relate to their

genetic quality (Williams 1975, Wilson 1975).

Indeed to the human eye, and most likely to all vertebrate eyes (L.

Smith, personal communication), bars that run perpendicular to the long

axis of an object tend to magnify its width, while those running paral

lel to the long axis appear to reduce its bulk. The bar color pattern

may thus serve to enhance the apparent width or size of a male. Such

deceitful coloration would be favored by natural selection because it

pays a male to amplify his size to sexual rivals and potential mates
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alike (e.g., see p.11-l2,Chapter I). Perhaps too, the ubiquitous stripe

on territorial females disguises their size and thereby makes them less

threatening to conspecifics.

The above considerations imply why different color patterns may

exist on reproducing chum salmon and suggest some possible purposes, be

sides sex identification, for each color pattern. However, the fact

that males rapidly shift their color pattern in concert with their ap

parent social status requires the identification of another set of se

lection pressures. Recently, Rohwer et al. (1980) demonstrated that

young males in several species of birds have plumage patterns that mimic

those of conspecific females. ~Female mimicry11 has also been observed

in insects (Thornhill 1979), hyenas, mountain sheep, salamanders (see

Thornhil) 1979 for references) and several species of fish (Barlow 1967,

Constantzl975, Dominey 1980, Gross and Charnov, in press). Rohwer et

al. (1980, p. 430) hypothesize that such mimicry will occur 1...when 1)

competition for breeding resources is rigged against [young males or a

segment of the male population], 2) when obtaining a mate depends upon

holding female-worthy resources, and 3) when females are limiting to

males...’

Conditions one and three commonly prevail in chum salmon demes

(cf., Table 5, Figs. 8 and 9) and thus the use of the stripe pattern by

subordinate males may represent ä.form of female mimicry. The develop

ment of such a reproductive strategy was probably enhanced in this

species because these animals can rapidly shift their color patterns.
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Consequently, it is possible for the same male to mimic a female in one

social situation and “show off” his masculinity under a different set of

circumstances. This ability to quickly shift from a “masculine” color

morph to a “feminine” one reduces some of the costs a male might accrue

if he constantly mimicked females or always displayed his masculinity.

An ancillary observation supporting female mimicry in this species is

that “small” males, like females, do not possess strongly hooked beaks

or large teeth. Such morphological features typically occur on “large”

males. Thus, relatively “small” and young males which are commonly sub

ordinate to larger and older individuals are preadapted to resemble

females.

Presumably “female mimics” avoid repeated attacks by other males

and therefore are able to position themselves next to females. This, in

turn, provides them with opportunities to “steal” fertilizations from

sexual rivals or in some circumstances to surreptitiously court females.

The cost of such a strategy lies in the reluctance that females should

exhibit to such suitors.

Alternatively, the stripe pattern may function as an appeasement

stimulus (Stacey and Chiszar 1978). The genetic maintenance of such a

behavioral signal could occur because it does not pay a male to continu

ously attack a clearly subordinate opponent. Such attacks would drain

the limited energy reserves of a male and could also lead him away from

females he is attempting to court. In a promiscous species like chum

salmon, a short absence from an “active” female could cost an overly
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aggressive male a considerable number of fertilizations.8 C1early, too,

the ability to communicate subordinance is also beneficial in that it

allows a male to escape repeated attacks by stronger rivals.

However, if the stripe pattern is an appeasement stimulus it has to

be a sex—specific one. Plainly territorial females should regard indi

viduals with stripes (presumably other females) as potential threats to

their buried eggs or as possible competitors for space. In fact, 80 to

90% of the agonistic interactions that occur around courting pairs are

intrasexual. When males are attacked by females they usually possess

the stripe pattern.

Attacks by females can be prolonged or repetitious and are probably

bothersome to males. Consequently it is unlikely that males develop the

stripe pattern solely to avoid aggression. This speculation is further

buttressed by the fact that males often possess this color pattern even

when they are not being attacked or threatened. Whatever the ultimate

causations of the stripe and bar patterns, they nevertheless convey

information of interest to females.

Current theory (cf., p.11-13 , Chapter I) predicts that females may

8This was dramatically illustrated by an incident that occurred in
the experimental stream. A fairly aggressive male attacked and then
chased a sexual rival away from the female he was courting. During his
brief absence the female finished her nest and then adopted the open
mouth posture that signified that she was ready to spawn. An upstream
male that was couring another female noticed her display. He quickly
swam downstream, spawned with the female, and then returned to the up
stream female. Meanwhile, when the original male returned from his
aggressive foray (~ 40 sec later) the female he had been courting was
rapidly burying her eggs!
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prefer mates that have high social status or relatively large size. As

we have seen, the bar pattern clearly connotes social dominance among

males. Furthermore, as Fig. 17 illustrates, it often indicates the rela

tive size of a male as well, for plainly “large” males generally domi

nate smaller ones. Thus, females should prefer to mate with individuals

having bars. Data collected from the videotapes were used to test this

prediction and to determine if a male’s absolute size also affected

female behavior.

Female Expression of Mate Choice I: Tardiness in Nest Construction.

One of the easiest and most energetically conservative ways a female can

“select” who spawns with her is to delay or accelerate her nest construc

tion activities. For example, by slowing down nest construction a female

increases the likelihood that additional males will discover her. Conse

quently, a male courting such a female will most likely be forced to de

fend his position against newly arriving rivals. In this parsimonious

fashion the female is able to “choose” the most aggressive and probably

largest male in her vicinity. On the other hand, it also pays a female

to deposit her eggs as quickly as possible. Thus, if a female is court

ed by a male exhibiting high social status (i.e., one with bars) or

large body size, she may attempt to construct her nests as rapidly as

possible.

A straightforward way to quantify the existence of such a feminine

tactic is to measure the amount of time females spend on nest construc

tion while being courted by males with different color patterns and body
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sizes. In Table 10 the length of time it took female chum salmon with

various types of sexual partners to complete their first two nests is

summarized. The coefficient of variation (C.V. — Sokal and Rohif 1969)

data presented in the table show that fluctuations in the time required

to complete a nest were greatest when the male possessed the stripe

color pattern or was one-half the size of the female. The C.V. values

also tended to diminish (in one case by 90%) from the first to the

second nest. I believe that this variation reflected the “physiological

condition” of the females (i.e., those that were very ripe spawned

quickly regardless of who was courting them) and their desire or reluc

tance to spawn with their male partner.

Statistical analyses were performed only on the time needed to com

plete second nests in order to standarize the physiological condition of

the females. These analyses, a Mann-Whitney U Test on the effect of col

or patterns and a Kruskal—Wallis one-way ANOVA on the influence of male

size, revealed that females took less time to construct their second

nests when they were courted by males with bars (U = 61 > U .05, n1 = 7,

n2 = 11, = 61) or by males their own size or larger (H = 5.47 < 5.99 x2

.05, 2 but > 4.67 x2 .10, 2).

Correlation analyses were also performed on these data to ascertain

whether water temperature or female body weight affected the results of

the above tests. The relative size or color pattern of the male partner

was held constant within each correlation since these factors appeared

to have influenced female behavior. The results of these tests
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(Table 11) clearly showed that neither water temperature nor body size

affected how rapidly a female constructed her first two nests.

Thus, I think it is safe to conclude that females delay nest con

struction while being courted by socially subdominant or relatively

small males. One may wonder if the time differences shown in Table 10

increase the likelihood that courting males which are relatively small

or subdominant-appearing will be evicted by sexual rivals. In many chum

salmon deities heavy concentrations of spawners may commonly occur (e.g.,

in short coastal streams). Under these social conditions a 1— or 2—hr

delay would certainly allow additional males to discover an “active” fe

male. Moreover, it should also be remembered that while the pairs were

being filmed they were not interrupted by neighboring fish and hence the

data represent the minimum amount of time a female would spend in devel

oping a nest.

Female Expression of Mate Choice II: Changes in the Frequency or

Performance of Reproductive Behavior. Cox and LeBoeuf (1977) have hypo

thesized that certain postures or locomotor activities performed by fe

males serve to signal their sexual receptivity and also provoke intramale

competition. These activities are referred to as incitation movements

since they induce intrasexual competition among members of the limited

sex (i.e., the sex making the smallest parental investment). I believe

that most of the behaviors performed by female chum salmon while they

construct and test their nests simultaneously act as incitation move

ments. Females are to a large extent locked into a small portion of the
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streambed and thus the most economical way for them to advertise their

sexual status and attract suitors is through their nest construction

activities. Since these movements are intimately associated with egg

deposition, males are expected to be highly attuned to them.

Conceivably, then, females that are courted by males of apparently

11poor quality11 (i.e., by “small11 or subdominant individuals) could in

crease the frequency of some of their behaviors in an attempt to attract

additional males and precipitate male x male interactions. Ethograms

produced from the videotape films made in the viewing chamber were ana

lyzed to determine the total number of times females performed a variety

of locomotor activities while they constructed their nests. The square

root transformation was used on these data and the resulting random vari

ables were tested for normality. An assortment of statistical procedures

were then employed to determine if the relative size or color pattern of

the courting males influenced the occurrence of any of these activities.

Tautz and Groot (1975) discovered that chum salmon females perform

different activities as their nests develop. Intuitively, one would

expect that those activities emerging as a nest nears completion would

be more powerful attractants than those which typically occur at the be

ginning of nest construction. Therefore, some of the statistical analy

ses were devoted to analyzing the events that occurred within the last

hour of nest construction. Moreover, certain feminine behaviors such as

digging, weaving, etc. (definitions for these terms are provided below)

can potentially broadcast the location of a female via acoustical,
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visual, or olfactory cues. Hence, the frequency of these activities was

also examined.

Behavioral activities performed by breeding chum salmon. Aft

er introduction into the viewing chamber each female quickly explored

the structure and then often remained quiescent for 30 to 40 mm. Just

prior to searching for her first nest site a female invariably broke the

surface of the water with her beak and “gulped air.” She then lowered

her head and released air while descending slowly to the substrate.

Such air-gulping was often repeated for 3 to 4 mm before the fish began

“nosing” the substrate. During a nosing episode the head was pointed

toward the substrate (often in contact with it) while the rest of the

body was elevated at a 7 to 15° angle. The pectoral fins were usually

fully extended and the female often moved her head from side to side as

she slowly progressed upstream. After a nosing bout the fish usually

swam back and “dug” into the substrate that she had just passed over.

Nosing usually occurred at the onset of each new nest and sometimes was

performed well into nest construction.

There are at least five (and possibly as many as seven) different

kinds of digging motions, all of which consist of a rapid series of body

flexures performed while the female is turned on her left or right side.

During each dig the pectoral fins are held at a 90° angle from the body
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wall and appear to function as brakes.9 Prior to establishing a terri

tory, females may “nose” and dig (“exploratory digging”) over a fairly

large area. However, once a suitable nest site has been found, their

digging movements (“nest digging”) become concentrated into a smaller

and smaller area (Tautz and Groot 1975). Normally after each dig the

females turn (either to the left or right) and leisurely swim back to

their developing nests. These turning and subsequent circling motions

probably provide females with opportunities to visually inspect their

nests (Duker 1977), detect any invasions by adjacent females, and possi

bly observe the phenotypic traits of their prospective mates. As a nest

nears completion the tendency for females to turn and circle after each

dig commonly decreased (Fig. 18). Instead they often let the current

push them, tail first, back into their nest depression (“drift—back”

digging).

Perhaps the most conspicuous digging takes place 15 to 30 mm after

spawning. Within seconds after egg deposition the female moves upstream

and gently flexes her body once or twice. These “covering” movements

are performed almost as rapidly as the female can return to her nest,

and become more vigorous as the nest pocket fills with gravel. Every

9Sornetimes the mouth is slightly agape and this likewise tends to
hold the female in one place while she performs a digging motion. Male
chum salmon also dig, but do so only sporadically and never help in nest
construction. Moreover, unlike females they do not extend their pectoral
fins (Groot, personal communication) while digging and thus tend to
“skip” along the substrate surface rather than “cut” into it. McCart
(1969) feels that male digging is a displacement behavior, inasmuch as
it commonly occurs after a male has been thwarted by a sexual rival.



149

covering dig is either performed slightly upstream or to one side of the

nest. Apparently, this expedites the burial process, prevents the eggs

from being dislodged, and also maintains the morphological integrity of

the nest.

The purpose of the initial gentle covering motions became apparent

once the structural features of nests and the egg burial process were

observed from the bottom window of the viewing chamber. Generally,

nests are shaped like cones, with the base located at the substrate sur

face and the tip about 20 to 40 cm below the surrounding gravel bed. In

the process of digging their nests, females create a porous layer of

gravel around the bottom portion of the nest. The first few “covering”

digs tend to drive the eggs down and into this gravel labyrinth (Tautz

and Groot 1975). Moreover, the water surges created by these motions

purge the nest of excess sperm, blood clots, and ovarian fluid.

Once a female has completed all of her nests she will usually at

tempt to bury them under a single mound of gravel. To accomplish this,

prolonged and curving digging motions are performed that commonly con

sist of 15 to 20 body flexures (Groot, personal communication). Such

“post—spawn digging” activities are easily recognized because covering,

nest digging (including drift-back digs) and exploratory digging incor

porate fewer body flexures/dig (see Fig. 20, p. ) and occur on a more

regular basis (see Fig. 19, p. ).

Gravel displaced by any of the above digging activities produces a

very conspicuous and characteristic sound that can override most back—
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ground noises in a stream (I commonly heard “digging noises” while stand-.

ing 10 m or more away from the experimental stream). Beyond providing

acoustical cues, the actual digging act plus any related turning and

circling motions provide striking visual cues as well. Consequently,

females courted by seemingly “inferior” males could increase or misdi

rect their digging motions in an effort to attract additional suitors.

This possibility was tested by using Model I two-way ANOVAs. The

random variables in these analyses were the number of diys required to

complete a nest while the fixed treatments were the relative size or

color pattern of the male partner and the nest number (i.e., whether it

was the first, second, or third nest).

Besides turning and circling after most of their digging acts, fe

males also commonly swim in tight circles or in a figure-eight pattern

over their nests. These locomotor activities are collectively referred

to as weaving (after Groot, personal communication). Like the turning

motions associated with nest digging, weaving potentially broadcasts the

location of a female and indicates that she is sexually active. “Spent”

females do not “weave” and except for post—spawn digging and aggressive

forays, remain motionless over their redds. Thus, the occurrence of

weaving bouts and circling motions after digging were quantified and

Mann-Whitney U tests were used to ascertain whether these activities in

creased or remained the same when. females were courted by different types

of males.
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Like weaving, “yawning” (a prolonged opening of the beak), “spit

ting” (a quick snapping of the jaws and expulsion of water that usually

follows yawning) and “air gulping” are probably “comfort movements.”0

Presumably, females that are courted by socially subdominant or rela

tively small males may perform more of these activities (if indeed they

are comfort movements) than those having more desirable suitors. Accord

ingly, the number of times these behaviors occurred while the second nest

was under construction was determined. These values became the random

variables in two Model I two-way ANOVAs. Once again, one of the fixed

treatments was the relative size of the male partner or his color pat

tern while the other main factor was the sex of the fish performing the

comfort movement.

Another way that courting fish can potentially express their unease

is to attack their prospective mates. Aggression within most pairs rare

ly occurs (Schroder 1973) but certainly females could exhibit a decided

nonpreference by nipping, chasing, or biting a male in an effort to

drive him away. ANOVA5 similar to those performed above were used to

determine whether certain types of pairs experienced more internal ag

gression than other male—female combinations.

10Baerends and Baerends von Roon (1950, p. 28) define a comfort
movement or behavior as any activity that removes a physiological or psy
chological discomfort. That is, “...before the movement is carried out
the animal is restless, but after it, it looks as if it is more
comfortable.”
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After a nest develops a centralized depression, the female repeat

edly lowers her tail and midbody into it and “probes” the substrate with

an erect anal fin. Once the anal fin makes contact, the female usually

bounces back to her original horizontal position. She may then weave,

dig, etc., or perform another probe. As the nest develops, the angle

that the body has to assume during a probe becomes more and more pro

nounced until it reaches approximately 200 (Tautz and Groot 1975). At

this time the nest is complete. Generally probing increases as a nest

nears completion but decreases slightly just before spawning commences

(see Fig. 19, pp. 154—157; Tautz and Groot 1975).

Just prior to spawning a female will often open her beak and gape

while making a probe. This conspicuous display exposes the predominant

ly white inner mouth coloration of the female. “Crouching” is almost an

identical open-beaked posture except that the female remains pressed

against the substrate rather than quickly rocking back to a horizontal

posture. If a male is present when a crouch is performed, he immedi

ately lies next to the female and assumes a similar posture. In most

cases spawning will then transpire. However, in about a third of the

pairs filmed, the females adopted the crouching posture several times

(in one case 14 times in 18 mm) before spawning finally occurred. Such

prolonged displays often caused their male partner to ejaculate milt.

Heard (1972) called such incidences “false spawnings,” while Jones

and Ball (1954) have referred to them as “false orgasms.” Unlike normal

spawnings that take approximately 10 secs (~ 9.3, S2 5.98, n 44)



153

to complete, false spawnings usually last half as long (~ = 5.4, S2 =

11.15, n = 30). By delaying egg deposition in this manner a female

potentially produces one of the most powerful “incitation movements” in

her behavioral arsenal. Not only does this display provide a visual cue

that the female intends to spawn in the immediate future, but by induc

ing the male to release milt it also causes an olfactory one to be broad

cast downstream. Newcombe and Hartinan (1973) provide evidence that sal

monids probably respond to such cues as they found that male steelhead

were strongly attracted to the odors of sexual products in a two-choice

maze.

Throughout the last hour that the second nests were under construc

tion, I counted the total number of probes and false spawnings that oc

curred. “T” tests were performed on some of these data to determine

whether the size or color pattern of the male influenced the number of

probes performed during this period. Additionally, Fisher’s Exact Prob

ability Tests with Tocher’s modification (Siegel 1956) were employed to

ascertain if the phenotype of the male partner influenced the appearance

of prolonged crouches or false spawnings.

In Fig. 19, the temporal relationships and frequencies of most of

the above female activities are documented on a minute—by—minute basis.

Each point on the graphs represents the average number of times an event

occurred/mm over a 5—mm time span. The behavioral responses of the

male partner to these female activities are also illustrated.
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Fig. 19. The temporal relationships and frequencies of the most comon
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the male was smaller than the female and had the stripe color
pattern. The males weighed the same amount as their female
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In general, the principal courtship behaviors of males consist of

“crossing over” (the rapid swimming of the male across the caudal pe—

duncle or back of the female) and “quivering” (a darting movement toward

the female accompanied by a short and very rapid shaking of the head and

body). Crossing-over movements allow a male to continuously inspect

both sides of a female and thus presumably detect and evict rivals.

Therefore, it is not too surprising that this activity increases as a

female approaches spawning (see Fig. 19, Parts a—d). Moreover, this

continual back-and-forth motion permits a male to display his color

pattern or presence to nearby rivals. It is possible (but as of yet un

proven) that the black-red-black placement of bars on dominant males may

serve as warning colors to adjacent opponents. However, as the graphs

in Fig. 19 show, males possessing a stripe, cross over as often as those

with bars. Quivering, on the other hand, seems to serve as an unambigu

ous sex identifier (only males quiver)--an important function in a spe

cies where males can take on seemingly feminine characteristics. In

fact, the first “courting movement” a male performs after locating a

female is often a quiver. Like crossing over, quivering increases in

frequency as a nest nears completion and almost invariably occurs during

or immediately after a female probes (Tautz and Groot 1975). Males also

spit, yawn, gulp and release air, crouch, and dig (see footnote 9,

p. 148), although the latter behavior was never observed in the viewing

chamber.

Males quickly respond to certain female movements or postures

(Fig. 19). A good example of this can be seen in part “a” where both
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crossing over and quivering are greatly reduced (~ 40 mm before spawn

ing) due presumably to a decrease in probing by the female. Nosing also

tends to precipitate male attention (see particularly part “b”, 55 mm

before spawning and thereafter) but not as strongly as probing. Appar

ently, any behavioral act that causes the female to angle her body to

ward the substrate, either head or tail first, is an important stimulus

because of its probable association with egg deposition.

The influence of male phenotypes on the behavior of sexually

active females. Conversely, females were generally not as strongly

influenced by their sexual partners. Data analyses showed that the

phenotype of the male partner did not noticeably alter the frequencies

or the performance of behaviors directly associated with nest construc

tion, i.e., nosing, digging, and probing (Table 12, Fig. 20). Correla

tions between female body weight and the total number of digging bouts

needed to complete a nest indicated that female size also did not influ

ence digging frequencies (e.g., r = .20, v = 18 for nest one; r = .25, v

= 18 for nest two; and r = —.32, v = 7 for nest three; all are nonsignif

icant). However, the number of digs required to complete the first nest

was about 50% of that needed for the second and third nests (Table 13;

also see Tautz and Groot 1975). This occurred because a considerable

number of covering digs were performed before the second or third nest

were actually begun. In general, the number of digs required to com

plete a nest appeared to become more numerous from one nest to the next

(e.g., see Table 11).
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Table 13. Raw data and results of analyses used to determine whether
the number of digging bouts needed to complete a nest varied
because of female size or nest number.

Fixed
treatment 4.56 4.20

Nest 1 92 104

Nest 2 216 176

Nest 3 267 231

Mixed two-way ANOVA without replication
(Random variables* are the number of digs needed to complete a nest.)

Random treatment

_________________ ~ body wt. in kg

3.74

90

224

203

4.73 3.06 2.64 3.20 3.09

99 117 94 174 85

185 314 273 242 252

237 328 279 273 207

Results of the ANOVA

Source of
variation D.F. SS MS F Decision (a.05)

Random treatment,
o size 7 23.21 3.32 3.05 Fail to reject
+

Fixed treatment,
nest number 2 150.86 75.43 69.20 Reject

Error 14 15.20 1.09

Total 23 189.27

F.05 (2) 7, 14 = 3.38

F.05 (2) 2, 14 = 4.86

Newman—Keuls multiple range test

Comparison Difference SE q P q 0.05,21

Nest 1 vs nest 3 5.59 .60 9.32 3 3.58

Nest 1 vs nest 2 5.00 .60 8.33 2 2.95

Nest 2 vs nest 3 .59 .60 0.98 2 2.95

Conclusi on

Nest 1 < nest 2 nest 3

More digs are required to complete nests 2 and 3 than nest 1.
*

The square root transformation was used on each random variable
before the actual analysis was performed.
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Table 15. The results of Fisher’s Exact Probability Tests (with
Tocher’s Modification) used to determine the influence of
male color patterns and body size on the occurrence of
false spawnings in chum salmon.

Fisher’s Exact Probability Test I: The influence of male color patterns
on the occurrence of false spawnings.

Pairs where Pairs where no
false spawnings false spawnings
were observed were observed

(class I) (class II) Total
Group I: with c?7partners 1 16 17

having the bar
pattern

Group II: with cT1partners 7 16 23
having the stripe
pattern

Totals 8 32 40

Results: The p of obtaining scores more extreme than those observed =

.006.
The p of obtaining scores as extreme as those observed = .054.

Therefore, Tocher’s ratio (S~ige1, 1956 pp. 96 to 104) =

c~ - p more extreme cases = 804
p of observed cases

Decision: Reject H0 that false spawnings occur at the same rate
regardless of the color pattern of the male partner.

Fisher’s Exact Probability Test II: The influence of male size on the
occurrence of false spawnings.

Pairs where Pairs where no
false spawnings false spawnings
were observed were observed

(class I) (class II) Total

Group I: > than c?~partner 5 13 18

Group II; ~ < to d’~partner 3 23 26

Totals 8 36 44

Results: The p of obtaining scores more extreme than those observed
.039.
The p of obtaining scores as extreme as those observed = .126.

Therefore, Tocher’s ratio = .088.

Decision: Fail to reject H0 that false spawnings occur at the same
rate regardless of the relative size of the male partner.

*

= .05
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The occurrence of weaving motions (including turning movements aft

er a digging bout) was also not affected by the phenotype of the male

partner (Table 14). As Fig. 19 illustrates (see also Fig. 18) the pro

pensity to weave or turn after a digging bout is reduced as a nest devel

ops, although some females may continue to perform these activities un

til spawning occurs. Usually, though, as a nest neared completion the

most common feminine activities were either probes, digs, or occasional

releases of air.”

Both sexes also performed “comfort movements” at approximately the

same rate (about once every 5 mm throughout nest construction) regard

less of the type of pair (Table 14). Moreover, aggression within a pair

was also very low and again the phenotype of the male did not influence

the occurrence of these activities. Females occasionally attacked or

chased their sexual partners after a spawning had occurred, while males

tended to nip at their mates prior to spawning. However, neither sex

appeared to be more aggressive than the other (Table 14).

The only feminine display whose frequency was influenced by the

physical appearance of the male was prolonged crouching. More false

spawnings occurred when females were courted by males having a stripe

than when they were courted by males possessing the bar color pattern

(Table 15). However, the relative size of the male did not influence

the occurrence of false spawnings.

11Females sporadically release gas from their air bladders while
they develop a nest in an apparent effort to reduce their buoyancy
(Groot, personal communication). While performing covering digs they
often break the surface with their beaks agape. This ostensibly allows
them to swallow atmospheric air and recapture their original buoyancy.
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There are several plausible reasons why male phenotypes apparently

have 1ittle impact on the total occurrence of feminine reproductive

activities. In most chum salmon demes spawner densities will be great

enough to ensure that several males (if not more) will encounter each

female while she constructs a nest. Intuitively too, the energy allo

cated for each reproductive task a female performs is probably finely

adjusted to maximize the production of young. If a female were to spend

inordinate amounts of energy attempting to attract males she may lose

valuable guarding time or even spend energy needed to deposit her eggs.

Moreover, by performing activities that make her conspicuous, a female

may not only attract corispecific males but also predatory birds and

mammals. Seemingly such predators may prefer females because of the

rich horde of nutrients contained within their eggs.

Nevertheless, it is clear that when females are courted by subdomi

nant or relatively small males they prolong nest construction and often

will assume crouching postures several times before finally releasing

their gametes. The genetic advantages that these potentially expensive

strategies confer on females will be discussed later on.

The Effects of Sexual Selection on Females

Intrasexual Competition for Egg Burial Sites

Competition among females for spawning sites may under some circum

stances become quite intense. Obviously, when dense aggregations of

spawning fish simultaneously occupy a relatively small area only a few

females will be able to establish territories. Under these social
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circumstances some females may perish without first depositing their

eggs (Schroder 1973). Even under conditions where space is seemingly

not limiting, competition among females can potentially occur. Innate

preferences for spawning locations having certain hydrological character

istics may create localized aggregations of females and interactions

among these fish for “favored” egg deposition sites may occur.

Some of the observations made in the experimental stream were direc

ted toward discovering the strategies females employ in establishing and

defending their territories. As we have seen, the outcomes of male x

male interactions are often strongly influenced by the relative size of

the combatants. Hence, some emphasis was placed on assessing whether

the relative size of a female influenced her ability to successfully

deposit and guard her eggs.

There are several tactics that females can employ while searching

for and acquiring a territory. The most conservative one in terms of

energy expediture is to passively move among exisitng territory-holders

(much like a “pin-ball” through a maze of bumpers) until a suitable

unclaimed space is discovered. A potentially more costly approach is to

attack and evict a resident female from her territory. Presumably the

first tactic should be preferred by female salmon since their means of

assessing the availability of unoccupied space (either through visual or

tactile cues) is restricted to relatively small areas. Without the abil

ity to determine the abundance of potential nest sites the decision to
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accquire a territory through an eviction attempt will often be inappro

priate. For plainly it does pay to expend any amount of energy fighting

over a *~nonlimiting commodity.” Moreover, in any confrontation between

a territorial and nonterritorial female, the territorial fish has much

more to lose (the time and eggs it has already invested in its terri

tory) and therefore should be more aggressive or tenacious than its

opponent. Consequently, one would anticipate that eviction attempts

would infrequently occur and that most of them would end in failure.

Data presented in Table 16 suggest that the above speculations may

be correct, as territorial evictions in the experimental stream were

rare events, even under high (< 1.66 m2/~) spawner densities. The few

fish that were evicted (either by adjacent territorial females or by a

previously nonterritorial fish) were often very weak, since the majority

died with 60 hr (~ = 62.8 hr, s = 26.5, n = 12) after losing their ter

ritories. Furthermore, a Mann-Whitney U test performed on data collect

ed from one section of the experimental stream indicated that “evicted

females” neither weighed more nor less than those that had teen able to

maintain their territories (U = 203, n1 = 9, n2 67, p = .12).

Another, although less direct assessment of the effects of female

body weight on the ability to construct nests and deposit eggs yielded

similar results. In this case a Model II regression formula [9
—9584.1602 + (3540.0453)(x); n = 41] was employed to estimate the fecund

ity of all the females placed into three sections of the experimental

stream. These estimates plus the number of eggs every female retained
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at death were used to determine the percentage of eggs each fish failed

to deposit. Correlation analysis between the body weight of the females

and the percentage of eggs they retained showed that the relative size

of a female did not influence her ability to deposit eggs, even under

conditions where competition for space undoubtedly occurred (Table 17).

Instead the ability to successfully spawn under crowded conditions (<

1.66 m2/~) appeared to be linked to how rapidly a female established a

territory——for late-ripening or socially inhibited females retained

considerably more eggs than earlier-nesting ones (see Schroder 1973,

Table 4, p. 23).

While the acquisition and defense of a territory is obviously asso

ciated with the potential fitness of a female, so too is the size of her

territory. For instance, Groot (personal communication) observed that

female sockeye salmon reproducing in areas with high instantaneous

spawner densities became “locked” into small territorial spaces. These

fish were often seen dislodging and presumably destroying their own eggs

while creating new nests. I never witnessed this phenomenon in the ex

perimental stream although in several sections having high spawner densi

ties (< to 1.66 m2/~) a few females were observed spawning more than

once in the same nest (after each spawning the eggs were slightly buried

by typical covering digs). This tactic is less desirable than construct

ing the usual four to six separate nests as pathogenic infestations or

predation events in such “super nests” are likely to destroy most of the

eggs. The normal behavioral pattern probably reflects a compromise

between the need to spatially separate and provide each egg with
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relatively clean gravel and the energetic costs of creating such an incu

bation environment and protecting it from other females.

Thus, to optimize progeny survival, each female requires a certain

amount of space. Moreover, given the opportunity, a female should

attempt to protect as much space around her redd as possible, since this

would reduce the likelihood of her eggs being destroyed by neighboring

females. Given these needs, one might expect that “large” females would

be more successful than comparatively smaller ones in obtaining and pro

tecting such territories because their size would allow them to dominate

smaller opponents. However, the results of a Model III two-way ANOVA

summarized in Table 18 show that territory size is not influenced by fe

male weight but is strongly affected by spawner density. The less space

allocated/female, the smaller the average territory became. This rela

tionship is delineated in the raw data portion of Table 18 which depicts

the average territory size in m2 under different levels of competition.

Prolonged and intense one-on-one confrontations between females

rarely occur. At low spawner densities the interactions that do trans

pire tend to uniformly distribute the females throughout a spawning

reach (Schroder 1977). When competition for space becomes more acute

territorial borders often overlap or are adjacent to one another. There

fore, when a fish attempts to establish or enlarge a territory under

these circumstances she often has to simultaneously interact with two or

more rival territory holders. Consequently, under those very conditions

where body weight ~r se could affect overall territory size its
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Table 18. Summary of raw data and results of analyses designed to
ascertain the influence of female weight and spawner
density on territory size in spawning chum salmon.

Summary of data used in a Model III two-way ANOVA
(with unequal sample sizes)

Fixed treatment Random treatment
Spawner density Female weight in kg

m2/~ <3.5 3.6-4.0 4.1-4.5 <4.6

6.64 30.50*(9.15) 26.06 (7.82) 25.63 (7.69) 32.0 (9.60)
n=4 n4 n=4 n2

2.49 16.85 (5.06) 18.95 (5.69) 18.09 (5.43) 20.10 (6.03)
n10 n=ll nll n24

1 .72 7.25 (2.18) 12.00 (3.60) 20.60 (6.18) 16.13 (4.84)
n=2 n=4 n5 n16

Results of the ANOVA

Source of
variation D.F. SS MS F Decision (~~0~)

Main effects
Density 2 1534.961 767.481 12.18 Reject
Female weight 3 122.566 40.855 1.04 Fail to reject

A x B interaction 6 378.231 63.038 1.61 Fail to reject
Explained 11 1931.741 175.613
Residual 84 3290.758 39.176
Total 95 5222.499 54.974

Newman-Keuls nultiple ranae test**

:Comparison Difference SE q p q.05 84p

6.64 vs 1.72 12.36 1.4576 8.479 3 3.356
6.64 vs 2.49 9.15 1.3224 6.919 2 2.800
2.49 vs 1.72 3.21 1.0369 3.095 2 2.800

Conclusions (cL.05)

6.64 2.49 < 1.72

The average territory size became smaller as the space a1located/~
decreased.

*Terrjtories were measured in square feet, the metric equivalent
in square meters is enclosed in the adjacent parentheses.

**Compares mean territory size at different spawner densities.
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prominence is reduced because it is unlikely that one female (no matter

how large) can successfully intimidate and usurp space from two or more

“highly motivated” rivals.

Male Expression of Mate Choice

The above observations clearly indicate that females of all sizes

have an equal chance of establishing and maintaining territories under a

variety of spawner densities. However, some females, either because of

their physical cundi Lion, color pattern,12 relative size, behavioral

activities, or other attributes may attract more males than others. The

advantage attached to being “attractive” is that it increases the number

of potential mates a female can choose among. This, in turn, enhances

her ability to pick the most socially dominant or largest individual

within her vicinity.

Plainly the most attractive females will be those that offer the

greatest potential gains in fitness to their male partners. Thus, the

decision to ignore or actively court a female could seemingly be based

on her fertility, fecundity, willingness to deposit eggs, and the poten

tial characteristics of her young. However, before any of these attri

butes can play a role in feminine “attractiveness,” they must be poten

tially detectable by males.

12Groot (personal communication) reports that the typical white
belly color of a female darkens to a smokey-gray or jet-black when she
is close to spawning. If this is the case, then males might be more
attracted to females with dark ventral surfaces than to those with white
ones. As far as I know, no one has yet examined the influence this
color shift may have on female attractiveness.
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Within the genus Salmo the fertility of a female declines if she is

unable to shed her eggs after they have matured (cf., pp. 52 , Chapter

II). If the same trend exists in Pacific salmon (Oncorhynchus) then

males may be able to predict the fertility of their potential mates,

since the physical appearance of a female starts to deteriorate once she

reaches maturity. I never arranged situations where males could choose

aniong females based on their state of deterioration. However, the re

sults of the experiments designed to detect temporal changes in female

fertility clearly indicated that females remained fertile for extended

periods of time (Fig. 21). When a definite decline in fertility did

occur, the fish were usually so weak (i.e., they were customarily pinned

against picket barriers or barely able to maintain their positions in

the experimental stream) that is doubtful whether they could construct

nests or spawn. Moreover, preliminary results from an ongoing study

suggest that the occurrence of monstrosities or abnormal sex ratios in

chum salmon fry are not associated with the length of time a mature

female remains in freshwater before she spawns (M. McDowell, personal

communication).

Obviously, the retention of gamete fertility and viability in a

senielparous organism is of immense value, particularly in a species

where competition for limiting resources may delay an animal from repro

ducing. Therefore, it is not surprising that natural selection has fa

vored females that could successfully reproduce throughout almost their

entire adult freshwater lifetimes. Since the connection between female
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appearance and fertility is nebulous (if extant at all), I believe that

is plays little if any, part in determining female attractivness.

As I mentioned earlier (cf., p. 47, Chapter II), the absolute size

of a female would seem to be a characteristic that could influence her

attractiveness. Indeed, previous observations made by McCart (1970) and

Hanson and Smith (1967) suggest that male sockeye salmon may prefer

large females as mates. It has long been known that the largest females

within a stock have the greatest numher of eggs (cf., p. 53, Chapter II).

If females place equal numbers of eggs into each of their nests, then

those males that spawn with large females will presumably fertilize more

eggs than those that have chosen smaller consorts. Moreover, “large”

females are usually older than “smaller ones and thus may have larger

eggs. Large eggs produce large fry and for reasons previously discussed

such fry may enjoy certain antipredation advantages over smaller conspe—

cifics. Finally, older or rapidly growing females (both should be rela

tively large) may also confer other benefits to their young, e.g., rapid

growth, high preemergent survival, and so on (cf., pp. 54—56 , Chapter II).

However, when I allowed single males to choose between a “large” or

“small” female it became clear that the attractiveness of a female was

not strongly influenced by her size. Instead, as Table 19 shows, the

males were able to detect often subtle differences in the reproductive

status of the two females, and usually paired with the one that was

closest to spawning. Although in 4 instances out of 17 females were

apparently chosen because of their large size.
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While the above experiment was being conducted I noticed that males

regularly followed weaving or circling females but usually ignored those

that remained motionless. I also observed that males commonly performed

prolonged bouts (15 to 30 mm) of air gulping when both females appeared

to be on the verge of egg deposition. This behavior pattern ceased when

the male could discern which female was closer to spawning or when he

started to court both fish. These data tend to support the idea that

air gulping (at least in males) is a comfort movement in this species.

Information gathered on the groups of fish placed in the experimen

tal stream to observe overall mating patterns corroborated the notion

that a female’s “attractiveness” was based almost entirely on her behav

ior. For instance, when I compared (via two—way ANOVA5 without repli

cation) the “attractiveness” of the same female while she was in three

separate reproductive states, I found that a fish attracted more males

when she was “active” than when she was “wandering” or “spent” (Table

20). These analyses, which utilized data gathered on all the females

placed into two sections of the experimental stream, also disclosed that

the relative size of a female did not affect her overall “attractiveness.”

The above analyses make it clear that the willingness to deposit

eggs plays a large role in determining how “attractive” a male finds a

female. Therefore any comparison that attempts to test whether vari

ously sized females within the same deme are more or less desirable to

males must examine the “attractiveness” of these fish while they are in

the same reproductive state. To accomplish this I calculated how
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attractive each female within several sections of the experimental

stream was, while she constructed nests and spawned. The females within

each section were ranked according to their weights; the heaviest third

were considered to be “large,” while the remaining fish were classified

as “medium” or “small” depending on their relative size. One-way ANOVAs

(cf., p. 49, Chapter II) were performed on these data to ascertain wheth

er the relative size of a female had any effect on her “attractiveness”

while she was sexually active. Once again these tests disclosed that

female size ~ se had little or no effect on her desirability as a

potential mate (Table 21).

There are several reasons why every sexually active female should

be equally attractive to males. First, as I mentioned earlier, the

presence of large aggregations of males around any one female should

rarely occur, since it does not pay a male to stay in the vicinity of a

female if he has little or no chance of fertilizing any of her eggs.

Second, and perhaps just as importantly, the physical appearance of a

female, as opposed to her behavioral phenotype, supplies a surprisingly

small amount of information to a male.

The following fecundity and egg “size” observations made on female

chum salmon returning to Big Beef Creek illustrate this point rather

well. As Table 22 shows, there is the expected positive correlation

between female weight and absolute fecundity in the chum salmon runs

native to this stream. Although these relationships are statistically

significant, only 45 to 63% of the variation associated with fecundity
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can be explained by weight alone. Moreover, the absolute fecundity of a

female is of little pragmatic interest to males. What really influences

their potential fitness is the number of eggs a female deposits during a

spawning act.

Recently, Hawke (1978) found that chinook salmon females laid pro—

gressively fewer eggs in each of their nests. For example, the first

nest often received one fourth (~ = 26%, S.D. 1%, n = 7) of a female’s

egg complement while her fifth or sixth nest received less than 10% (~

8%, S.D. = 1%, n = 7). Female chum salmon appear to deposit their eggs

in a similar manner. While examining the gametic contributions of satel

lite and alpha males, I retrieved all the eggs deposited in the first

nests of six females. In every instance, each individual released be

tween 31 and 37% (x = 35%, S.D. = .01%) of her eggs during her first

spawning. Since these fish would ordinarily spawn another 3 to 5 times

it seems likely that their last nest would contain 1/4 to 1/2 as many

eggs as their first nest.

A possible explanation for this phenomenon is that during a spawn

ing act (which consistently lasts for 10 sec) the female apparently

contracts her lateral body walls and simultaneously relaxes the muscles

that surround the vent. When the coelomic cavity is full of eggs the

internal pressures generated by these muscle movements allow a rapid

expulsion of eggs to occur. As a female progresses from one spawning

event to the next there should be a decline in these internal pressures

and thus fewer eggs will be expelled per unit of time.



187

No matter how such an egg—laying pattern may occur, its existence

makes it difficult for males to estimate the number of eggs a female may

deposit during any given spawning act. For instance, a relatively

“small” female may lay considerably more eggs into her first nest than a

“large” one in her last nest. One might predict then, that males would

prefer “active” females that have never spawned over those that are dig

ging their last nests.

Conceivably the body contour and the presence or absence of clis—

turbed gravel areas next to a female could be used as visual cues by

males to distinguish “virgin” females from those that have almost fin

ished spawning. However, a human observer has a difficult time associ

ating the body contour of a female with the number of times she may have

spawned. Moreover, in a typical spawning reach, the swimming and dig

ging activities of the fish aggregated there tend to universally clean

the gravel surface. Hence, in most cases it is probably impossible for

a male to determine whether the female he is courting has ever spawned

before. Therefore it is unlikely that either the absolute fecundity or

the number of times a female has spawned influences her “attractiveness.”

The observations made by McCart (1970) on the attractiveness of

sockeye and kokanee females (cf., pp. 47—48 , Chapter II) provide an ex

ception to the above generalizations. Female sockeye salmon apparently

have ten to twelve times as many eggs as kokanee (McCart 1970). There

fore, a typical kokanee would probably place between 60 to 100 eggs in

her first nest while most sockeye would presumably deposit three times
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as many eggs in their last nests. Hence natural selection would favor

those males that preferred to spawn with sockeye females since by doing

so they would fertilize considerably more eggs (see pp. 229-230, for

further reasons why sockeye males may prefer anadromous females).

Additionally, McCart (1970) noticed that sockeye females had larger

eggs than kokanee (~ 117 mg vs ~ 79 mg for “eyed~ eggs) and this may

have contributed to their overall attractiveness. It is doubtful that

this trait influences the attractiveness of female chum salmon since the

linkage between female size and egg size appears to be weak in this

species. For instance, the correlation analyses performed on data

collected from chum salmon returning to Big Beef Creek often revealed

that less than 20% of the variation associated with egg size could be

explained by body size (Table 23). This means that females having very

different lengths or weights may produce eggs that are quite similar to

one another. Intuitively, this makes sense because the environmental

conditions existing within a spawning bed and later on in rearing areas

of a population probably favor fry originating from eggs having certain

size characteristics. These arguments have been developed before, and I

refer the interested reader to Koski (1975) for further details.

The one trait that appears to be connected to the phenotype of a

female is her age at maturity. Generally, older females are longer and

heavier than those maturing at an. earlier age (Table 24). Additionally,

the oldest females returning to Big Beef Creek (usually 4-year-olds)

tended to have greater absolute fecundities (Table 25) and larger eggs
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(Table 26) than earlier maturing ones. Moreover, maternal age by itself

has been linked with certain progeny characteristics (e.g., survival

during early development cf., p. 54, Chapter II) in several species of

salmonid fishes. Yet for some reason males have not developed a pref

erence for large or old females. This may occur because it is costly in

terms of time and energy to search for such mates (see pp. 232-234, Chap

ter III) or possibly in this species the age of a female is not consis

tently linked with the performance of her offspring.

Some of the hatchery experiments described in Chapter II were de

signed to test this last assumption. Furthermore, since females clearly

exhibited a preference for large males it was also important to examine

the influence of paternal size and age (since as Table 27 shows, these

are linked with one another) on progeny characteristics. Consequently,

the remaining hatchery experiments were performed to ascertain the advan

tages a female gains by being selective.

The Results of the Hatchery Experiments Employed
to Determine the Influence of Parental Age

and Size on Progeny Performance

As the above suggests, the principal goal of the hatchery work was

to attempt to determine why, from an evolutionary perspective, males

were nonselective and females selective about choosing mates with

certain phenotypic traits. The hatche~y studies were designed to answer

this question by ascertaining whether certain observable adult character

istics consistently affected gamete viability and progeny performance.

Plainly, in these experiments (Table 28) the incubation and rearing



Age at 95~ confidence
Year Run maturity Tralt* n Intervals Results of t—tests

1974 Late 3 Dry egg wt 47 87.98 85.50- 90.47 Reject H0
4 150 104.70 103.07—106.33 t=10.267>t.05(2)1951.973

“ 3 Egg diam 47 6.72 6.66— 6.79 Reject H0
II 4 150 7.16 7.12— 7.20 t=lO.993>t.05(2)1951.973

1975 Early 3 Dry egg wt 101 90.39 88.74- 92.05 Reject H0
~ 4 6 103.15 93.16-113.14 t=3.602>t.05(2)l05=1.983

‘I 3 Egg diam 101 6.84 6.83- 6.85 Reject H0

1 4 6 7.12 7.04— 7.21 t=3.108>t.05(2)l05=1.983

1975 Late 3 Dry egg wt 54 88.31 85.95- 90.67 Reject H0
4 127 105.00 103.21—106.79 t=l0.505>t.05(2)1791.973

~ 3 Egg diam 54 6.80 6.74- 6.87 Reject H0

“ 1 4 127 7.23 7.19— 7.28 t=l1.237>t.05(2)1791.973

1976 Early 3 Wet egg wt** 52 222.8 213.31—232.29 Reject H0
~‘ 4 53 268.6 262.41-274.79 t=48.603>t.05(2)71=l.994

Table 26. The results of
at-maturity on
Beef Creek

195

tests used to examine the influence of age—
egg size in chum salmon returning to Big

*All weights in mg.
All diameters In nm.

**Wet weight of egg before water absorption.
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habitats had to be standardized so that any performance differences a—

mong the young could be observed. Both environments were made as uni

form as possible but they also tended to maximize growth and survival.

Consequently, subtle differences between fish produced by different

types of parents could have been masked. Additionally, the progeny char

acteristics that were evaluated (see Table 28) were arbitrarily chosen

and thus important performance differences may yet remain to be discov

ered. In lieu of these considerations the results presented below are

at best preliminary, however, they do provide a foundation for some spec

ulative answers as to why male and female salmon have evolved the mate

choice mechanisms they possess.

The Influence of Parental Size and Age on Fertility and Progeny Perform
ance Prior to Emergence

Fertility, i.e., the ability to produce zygotes, could not be asso

ciated with parental size or egg size (Table 29) although it did vary

when fish of different ages were crossed with one another. However, as

Table 30 indicates the percentage of nonviable eggs in the types of

crosses examined only ranged from 0.2 to 5.4%, except for one case when

it equalled 28.5%. If this latter datum is thrown out, then the mean oc

currence of nonviability within the families representing the most fer

tile cross is only 1% higher (1.4 vs 2.5%) than those representing the

least fertile one. It is likely that this one incidence of high nonfer—

tility was associated with improper handling or possibly poor sperm

quality rather than by a biological incompatibility caused by parental

age. One might expect too, that if such an incompatibility did exist,
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it would manifest itself throughout the development period. This is

clearly not the case, for Tables 29 and 31 show the embryo and alevin

mortality in chum salmon are not allied with parental age nor, for that

matter, with parental size-at—maturity or egg size. Additionally,

Tables 32 and 33 illustrate that the occurrrence of monstrosities in the

young are also not linked with parental age, size, or egg size.

The effects of various parental traits on how quickly and efficient

ly their young utilized yolk materials were also examined. Once again,

the age of the male parent had no apparent effect on how rapidly his off

spring used their yolk materials. However, there was a strong maternal

influence, since embryos originating from “large” eggs consumed their

yolk materials more rapidly than those originating from small ones

(Table 34). The data also suggest that the rate or velocity of yolk con

sumption per temperature unit remains constant throughout an incubation

period.

These results depict a remarkable adaptation that allows embryos

fertilized at the same instant but supplied with differing amounts of

yolk material to complete their ontogeny at approximately the same time.

For example, if on the average ten temperature units are accumulated/day

during the spring then the fry originating from the largest and smallest

eggs in n~y experiment would have absorbed all their yolk materials within

8 days of one another (see Table 34). On the other hand, if these embry

os had absorbed their yolk materials at the same rate then fry originat—,

ing from the smallest eggs would have completed yolk absorption almost a

month sooner (28 days) than those originating from the largest eggs.
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No physiological explanation for this phenomenon is available other

than the idea that embryos originating from large eggs may have larger

cells than those produced by smaller eggs. Conceivably then, these em

bryos would possess a greater absolute surface area in which to absorb

yolk materials.

Even with these differential rates of yolk absorption I found that

alevins originating from large eggs generally had more yolk materials

and thus higher KD values than those produced by small eggs at the com

pletion of an incubation period (Table 35). The results of the ANOVAs

shown in Table 35 also corroborated the notion that the size and age of

a male parent had no influence (as determined by Ku values) on how rapid

ly his offspring absorbed yolk materials. However, certain parental com

binations did produce fry with Ku values that were not necessarily relat

ed to egg size alone. Apparently then the rate at which yolk materials

are used is influenced by the genotype of the developing fish as well as

by the size of the egg it has originated from.

As an alevin utilizes it yolk reserves and develops into a rela

tively sophisticated organism its ability to convert yolk materials to

larval tissue declines (cf., p. 79). Therefore, when I examined the

influence that various parental traits might exert on this capability I

made sure that the young were in the same stage of development (i.e.,

had similar Ku values). A randomized block design (Model III two-way

ANOVA without replication) was employed to assess the influence that

paternal size at maturity might have on how economically chum salmon

alevins use their yolk materials. Additionally two similar ANOVA5
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except with replication and a “paired t” test were used to examine the

effect that paternal age might have on this trait.

The results of these analyses (Table 36) plainly show that neither

paternal size nor age at maturity p~ se have any influence on how effi

cient young chum salmon are in utilizing their yolk materials. However,

as Table 36 indicates, the offspring originating from different females

vary in their ability to convert yolk materials into body tissues. I

could not link this variation to egg size or to female size. In one of

the ANOVA5, fry from the smallest eggs proved to be the most efficient

while in the other ANOVA fry produced from the largest eggs had this

distinction. Maternal weight and length (all the females were 3—year—

olds) likewise had no apparent impact on the performance of their pro

geny. The analyses also showed that certain combinations of parental

fish clearly produced alevins that were more efficient than those ori

ginating from other crosses. Yet again there were no consistent pat

terns in the data to enable one to link the efficient use of yolk

material to any combination of parental phenotypes.

Essentially the same kind of analyses were used to examine the in

fluence of various parental traits including egg weight on alevin body

weight at the completion of an incubation period. As mentioned previ

ously (cf., pp. 81-82, Chapter II), unless size comparisons are made

among alevins having similar proportions of yolk and body tissue any in

equalities in their weights may merely reflect variation in their devel

opmental stage,~rather than true size differences. Consequently, the

eggs and subsequent alevins originating from each parental cross were
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held for the same length of time in 9.4°C spring water to ensure that

the fish would have similar values at the conclusion of an incubation

period. However, as was previously seen (Table 35) alevins originating

from relatively large eggs generally have higher KD values than those

derived from small ones, even when both types of eggs have accumulated

an identical number of temperature units.

The females used to create Crosses I, II, and III had a wide array

of egg sizes and thus a randomized block ANOVA (an extension of the

“paired t” test) was used to ascertain if alevins produced from the same

female (and hence from similar eggs) but sired by various types of males

had different dry weights after experiencing identical incubation condi

tions. The results of these analyses (Table 37) revealed that neither

the size nor age of the male parent affected the weight of his offspring.

Even though the eggs used to create the artificial crosses were of

various sizes, 14 families in Cross III did produce alevins with similar

KD values (see Table 35). The weight data gathered on these fish were

used in an ANOVA (Model III two-way) to ascertain if egg weight affected

alevin weight and to detect whether an interaction between sire age and

egg weight also influenced alevin size. The results of the ANOVA (Table

37) again showed that male age (the fixed treatment in the analysis) had

no impact on the size of his offspring. Moreover, there was no evidence

of an interaction between sire age and egg weight on alevin size. How

ever, alevins originating from “large” eggs were clearly heavier than

those produced from smaller ones. Correlation analyses were employed to

further delineate this relationship and as Table 37 illustrates these
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tests confirmed the idea that egg weight strongly influences alevin

weight.

Besides egg size, the age of the female parent has also been linked

to the size of her offspring at emergence. As was mentioned earlier

(cf., p. 54, Chapter II) Koski (1975) noticed that eggs with the same

diameter but originating from 3- and 4—year-old chum salmon produced fry

with different body weights. This observation lead him to speculate

that the nutrient content of eggs produced by females with differing

life-history strategies may vary from one another. However, several

factors which he did not have an opportunity to investigate make this an

unlikely event. First, eggs with the same diameter but produced by 3-

and 4—year-old fish apparently have differing amounts of yolk material

(Table 38), for those produced by 4-year-olds generally have greater dry

weights. Therefore Koski ‘s observations may have merely reflected quan

titative inequalities in yolk material rather than qualitative ones.

Second, the relationship between egg diameter and dry egg weight in chum

salmon is surprisingly variable since only 55 to 82% of the variation

associated with dry egg weight can be explained by egg diameter (Table

39).

Because the diameter of an egg often disguises the amount of yolk

material it contains, I examined the influence of maternal age on prog—

ny size by comparing fry produced from eggs having identical dry weights

but taken from females that had matured at different ages. This compari

son (a Model I two-way ANOVA) indicated that the size of a chum salmon

alevin at the completion of its incubation period was not influenced by
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the age of its female parent (Table 40). As expected, the analysis also

disclosed that the heaviest eggs produced the largest fry. Moreover,

the interaction term was significant. However, this result was difficult

to interpret because of the small number of egg sizes examined. One pos

sible explanation is that there is variation in the quality of the eggs

produced by different females regardless of their age at maturity. Most

likely the availability of food and other environmental factors during

the time of egg formation play roles in determining gamete quality.

The Influence of Parental Size- and Age—at-Maturity on Offspring Perform
ance after Emergence

The above experiments demonstrated that the size and age of paren

tal fish have no predictable impact on the survival, growth, or size of

their offspring from fertilization to yolk absorption. Artificial

Crosses I and III were made primarily to determine the importance of

various parental phenotypes on the growth and survival of young chum

salmon after emergence.

The maternal half—sib families produced by Cross I were used to

examine the influence of parental size on juvenile growth during the

first 7 wk of exogenous feeding. The data collected on these families

(Table 41) showed that in five cases out of eight half-sibs fathered by

“large,” “medium,” and “small” males grew at the same rate. In the re

maining three cases, some of~the half—sib families did grow at different

rates. However, these differences were probably brought about by fortui

tous genetic combinations and not by the size of the male parent for in

each instance a differently sized male (i.e., a “large,” “medium,” and
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“small” individual) produced the fastest growing half-sib family (see

Table 41).

Data gathered on the families produced by Cross III were used to

examine the influence of parental age, size, and egg size on progeny

growth and survival. An analysis of covariance performed on some of

this information indicated that fish from the various families did grow

at different rates (F = 5.79 > F.05(2) 30, 2263 = 1.57). However, these

differences could not be associated with parental age, for none of the

maternal half-sib families (two/female - one sired by a 3- and the other

by a 4—year-old fish) grew at different rates and only two out of eight

sets of paternal half—sib families (two/male — one produced by a 3- and

the other by a 4-year—old female) exhibited disparate growth (Table 42).

Once again these differences were most likely the consequence of seren

dipitous combinations of parents as an analysis of covariance that com

pared pooled regression lines could not reject (F = .73 < F .05(2) 3,

457 = 3.14) the notion that fry produced from the four possible (i.e., 3

x 3, 3 x 4, 4 x 3, and 4 x 4) parental age combinations had similar

growth rates.

Correlation analyses (Table 43) were used to investigate the influ

ence of parental size and also egg size on early growth. These analyses

revealed that dam and sire size had no effect on how rapidly their off

spring grew. Furthermore, the size of the egg an individual originated

from had no apparent impact on how rapidly it grew during the rearing

experiment. Finally, the analyses (Table 44) that examined the influ
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ence of parental size, age, and egg size on fry mortality during the

course of the rearing experiment disclosed that these traits had little

or no effect on fry viability.

Some Final Thoughts Regarding Mate Choice in Chum Salmon

The results of the above experiments showed that the physical attri

butes of males and females provide very little information about the per

formance of their offspring during incubation or immediately thereafter.

These results are not unexpected, for quantitative genetic theory pre

dicts that the amount of additive variance (or “breeding value”) associ

ated with traits closely allied with fitness (such as early growth, via

bility, etc.) should be nonexistent (Falconer 1960; Lannan 1976; Maynard—

Smith 1978). Consequently the evolution of female choice in chum salmon,

where males provide their offspring with nothing except genetic mater

ial, is a definite enigma. This puzzling situation is apparently wide

spread because unmistakable female preferences for certain types of

mates have been observed in many other species where paternal care is

nonexistent. Faced with this conundrum, Maynard-Smith (1978, p. 171)

makes an important theoretical concession by stating female choice under

these circumstances can only be explained by admitting “...the additive

heritability of fitness is not zero...”
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Evidence presented by Ricker (1972) and more fully synthesized by

Frey (personal communication) suggests that life-history strategies in

Pacific salmon tend to be sex-linked. That is, males generally produce

Sons that have life—history strategies similar to their own, while fe

males usually adopt the same maturity schedule as their mothers (see

pp. 58-60, Chapter II). Frey (personal communication) hypothesized that

the trait under genetic control was the size a maturing fish must reach

before it starts it spawning migration, rather than its absolute age.

Using this concept one can envision that a population of salmon is rep

resented by an array of genotypes (or size thresholds) that dictate when

a fish should leave its ocean feeding grounds and return to its natal

stream. Obviously a temporal element must enter into this scenario as

fish returning at the wrong time but having the right body size would

soon experience genetic bankruptcy. Consequently, there must be migra

tion windows that open only during narrow periods of time. It is during

these time-place events that a fish must decide whether to migrate to

ward its home stream or continue to feed in the open ocean.

The determination of maturity by such a system would seemingly pro

vide several advantages. In particularly good years a fish would prob

ably reach its size threshold one year sooner than expected and thereby

avoid the cost of remaining at sea. On the other hand, in poor years an

individual would be prevented from returning to freshwater before its

body could withstand the rigors of upstream migration or sexual selection

on the spawning grounds. No matter what genetic mechanism is employed,

this proclivity for sex-linked perpetuation of life—history strategies
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potentially provides both sexes with some information about the kinds of

Sons or daughters their potential mates are likely to produce.

Commonly over 90% of the males returning to Big Beef Creek repro

duce as 3— or 4-year olds (see Table 1, pp. 95-97 , Chapter III.) This

predominance of two masculine life-history strategies is probably typi

cal of most chum salmon stocks. For convenience, we can label these

strategies as “young” (in some northern stocks “young” males may be 4 or

more years old) and “old.” By preferentially iiiating wiLh “old” males a

female would presumably produce fewer (her sons would experience one

more year of marine mortality) but most likely larger sons than one that

mated with younger males. The risks associated with producing an older

and larger son are relatively small since on the average a chum salmon

30 cm or longer experiences a 2% mortality rate/month while residing in

the sea (Ricker 1964). This means that if a female can produce x

“young” sons she could expect .79x as many “old” sons.

The field data gathered in the experimental stream clearly suggest

that the largest and presumably oldest males in a deme will usually have

more opportunities to fertilize eggs than smaller ones, even when ferti

lizations achieved via the satellite strategy are taken into considera

tion. This fact plus the apparent similarity between father and son

life-history strategies may very well have precipitated a feminine pref

erence for large or socially dominant males.

Clearly there must be costs associated with being large for other

wise it would seemingly pay males to become larger and larger. Cer—
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tainly periodic droughts and subsequent reduction in stream flows could

create strong selection pressures for smaller body sizes (see McCart

1970). Under low flow conditions large individuals might find migration

and reproduction difficult; moreover, their very size would make them

conspicuous targets for predators. Falconer (1960) also has suggested

that there are often negative correlations between traits that are close

ly linked to fitness. He mentions that large size in mice, for example,

is negatively correlated with alertness. While it is true that large

mice are more fecund and better able to produce offsping, their lethar

gic responses to environmental stiumuli make them more susceptible to

predation than smaller and more alert mice. Consequently, body size in

mice undoubtedly represents a compromise between many sets of negatively

correlated traits. The same thing is probably true in chum salmon.

Additionally, the potential fitness of each male is dependent to a

large extent on the size and strength of his sexaul rivals and not on

his absolute weight or length. Hence, female choice should be based

primarily upon the social status of her possible mates rather than on

their size. Therefore it is not surprising that masculine color pat

terns appear to influence the reproductive behavior of females more so

than male length or weight. If an alpha male for example, possesses the

stripe pattern he unwittingly conveys to the female that he is either

intimidated by a nearby rival or frightened by the persistent attacks of

satellite males. In both instances his potential mate can detect his

unease (an impossibility if she relied on male size alone) and delay nest

construction. As was mentioned earlier this simple tactic increases the
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likelihood of her being discovered by additional and possibly more power

ful males or at least forces the alpha male to fend off all the males

that encounter the female over a relatively prolonged period of time.

Conversely if an alpha male possesses the bar color pattern it is likely

that he is the best male in the vicinity and the female should attempt

to construct her nest and spawn as quickly as possible. Again, this

would be something a female would be unable to detennine by simply

assessing the size of a male.

There are several theoretical reasons why males are not as selec

tive as females about choosing older or larger mates. First, there is

no connection between size and spawning participation in female chum

salmon, that is “large” and “small” females ostensibly have an equal

chance of depositing their eggs. Consequently, the only advantage a

male might acheive by mating exclusively with relatively large and old

females is that his subsequent daughters would have greater absolute

fecundities (e.g., 4-year—old chum salmon returning to Big Beef Creek

have 500 more eggs than 3-year-old females) and larger eggs. However,

to be selective a male has to “know” what is available to him. And this

requires searching time, an expensive commodity for a semelparous organ

ism reproducing in an environment that precludes long-range evaluation

of females.

A hypothetical example will help to put the cost of being selective

into proper perspective. Imagine two males, one “selective” and the

other “nonselective” reproducing in a deme where 75% of all the sexually
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active females are “old”, i.e., acceptable to the choosy male. Assume

that the nonselective male utilizes 4 hrs/spawning (2 hrs for courting

plus an additional 2 hrs for searching) and that he is sexually active

for 15 days or involved in 90 spawnings. Since a quarter of the female

population is unacceptable to the choosy male his “searching time”

should be 25% longer and hence it will take him 4—1/2 hrs to complete a

spawning. Suppose further that “old” females have an average fecundity

of 3,500 eggs while “young” ones produce 3,000 ova and that each female

will spawn six times. On the average then the selective male will fer

tilize 583.3 eggs/spawning (i.e, 3,500/6) whereas the nonselective one

will inseminate approximately 20 eggs less/mating [i.e., (.75) (3,500)/6

+ (.25)(3,000)/6 = 562.5]. Thus at the conclusion of his reproductive

life our nonselective male will have fertilized 50,625 eggs (90 spawn

ings x 562.6) while the selective one will have inseminated 46,664 eggs

(80 spawnings x 583.3).

In most North American streams 90% of these eggs will perish before

they emerge from the strearnbed (Wickett 1952; Hunter 1959; McNeil 1962;

Lister and Walker 1966) and only 1% of the subsequent surviving fish

will reach maturity. If half of the mature fish are females and the

progeny of “young” and “old” females survive at equal rates because of

egg size differences13’then the daughters originating from the nonselec—

tive male should produce 85,421 eggs (25.31 daughters x their mean

expected fecundity or 3,375 eggs).

13”Old” females generally produce larger eggs than “younger” ones
and therefore I have assumed that the cost associated with remaining at
sea for an additional year (i.e., a 2% monthly mortality rate) equals
the benefit derived from originating from a large egg.
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Recall that the ultimate reason for being selective was to produce

daughters with relatively high fecundities. Plainly a selective male

will sire fewer daughters because he spends more time searching for suit

able mates. Consequently, in order for this strategy to coexist or

become predominate within a population, the daughters of a selective

male must produce the same or more eggs than those derived from nonselec—

tive rivals. Under the assumptions of our hypothetical example this

does not occur since the daughters originating from the selective male

are expected to produce 81,655 eggs (23.33 x 3,500) or approximately 4%

fewer ova than the females fathered by the nonselective fish.

Using the same assumptions I have plotted (Fig. 22) similar percent

gains or losses at three different levels of masculine discrimination

under varying conditions of female visibility (as measured by the amount

of time needed to locate a sexually active female). The resulting data

suggest that when females can be rapidly found and evaluated a male

could realize a genetic gain by being selective. However, if it takes a

nonselective male 1 hr or more to locate an active female then the cost

of being selective becomes prohibitive.

The amount of time a male might need to find a female has not been

ascertained in this species. Nevertheless, the random distribution of

females within a deme, their short sexual life-times and male competi

tion will probably force most males to spend an hour or more in locating

each new mate. Tentatively then, there simply does not appear to be a

big enough dividend associated with being choosy to pay for the time

consumed searching for certain types of females.
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Classically, the lack of mate discrimination found in males of many

species has been attributed to the small investment this sex makes per

mating. This argument could also be applied to salmon. Mathisen (1962)

found for instance that sockeye males could successfully fertilize all

the eggs deposited by 15 females (~ 90 spawnings if each female dug six

nests). This means that each time a female spawns she invests approxi

mately 1/6 of her potential fitness into the act while a male may invest

less than 1/100th of his. Consequently, a male can afford to gamble and

mate with a variety of conspecific females, particularly since the

additive variance associated with fitness is apparently small.

In conclusion mate choice and subsequently overall mating patterns

in this species appear to owe their origins predominately to masculine

intrasexual competition and feminine epigamic selection. In their rush

to fertilize as many eggs as possible each male has to find and defend

as many mates as possible. Meanwhile, females have developed ways to

evaluate male competency and preferentially choose the most socially

dominant males in their vicinity in an apparent effort to produce equal

ly successful sons. Plainly then chum salmon do not possess innate pref

erences for mates having phenotypes similar to their own and for reasons

previously discussed, I doubt that such a preference exists within any

species of Pacific salmon.



CHAPTER IV. SUMMARY

1. Overall mating patterns in chum salmon demes based upon size or

age—at—maturity are not strongly influenced by either temporal or

spatial factors. All the members of a stock, regardless of their

body sizes or age—at—maturity should become sexually active at

approximately the same time since it clearly would not pay an indi

vidual to reach sexual maturity before or after most of its contem

poraries. Consequently, the total tempordl Isolation of one age

group (or brood year) from another rarely happens in nature, al

though instances of partial isolation have been observed. However,

since males remain sexually active for prolonged periods (10 to 18

days) potential gene exchange among fish arriving into a stream at

different times can be high. Aggregations of fish with similar

body sizes caused by geological features (e.g., waterfalls) within

a stream are also unlikely because: 1) chum salmon usually spawn

intertidally or within the first several kilometers of their natal

streams, 2) females with different body sizes are often ready to

spawn soon after reaching freshwater and appear to prefer spawning

sites with similar hydrological characteristics, and 3) sexually

mature males search for females and this tends to increase the

likelihood that fish of different sizes or ages will encounter one

another during a spawning season.

2. On the other hand, both components of sexual selection play promi

nent roles in determining overall mating patterns. The most import

ant of these appears to be intrasexual competition among males for
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females. Because females often deposit their eggs within 36 hr

after starting their first nest, they quickly drop out of the pool

of reproductively active fish within a deme. Males remain sexually

active for a much longer period of time and thus the number of sex

ually active males/gravid and territorial female (OSR) escalates

through time. Such skewed sex ratios strongly influence which

males have access to females. For instance, when the OSR within a

deme is < 1 every male is equally successful at holding females.

However, as the OSR increases, only the strongest males within a

deme are able to court females.

3. The ability of a male to defend his mates from rivals depends pri—

manly on his relative size and to a lesser extent on his physical

condition. For approximately 70% of a male’s reproductive lifetime

he can successfully dominate opponents that are nine-tenths his

size. When a male approaches death, his ability to defeat smaller

opponents slowly decreases. Ritualized fights occur among equally

matched males, regardless of their relative body sizes, suggesting

that males use factors besides absolute mass to assess the relative

strength of their opponents.

4. To circumvent the effects of intrasexual competition subdominant

males position themselves in back of pairs and attempt to “stealt’

fertilizations during spawning acts. The occurrence of such “satel

lite males” was close to zero when the OSR within a deme was < 1.4

but rose asymptotically to 20% at higher OSRs. Consequently, the

number of males associated with a pair (1 to 2 satellites) remained
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relatively constant at different OSRs. However, the percentage of

pairs within a deme accompanied by satellites rose in an almost

linear fashion as the OSR within a deme increased. Thus when a male

is dominated by two or three sexual rivals he tends to leave a fe

male rather than stay and occupy a subordinate position. This ap

parently occurs because satellite males are forced to one side and

to the rear of a female and are thus likely to miss seeing when she

begins to spawn. Intuitively one would expect that males lying on

the peripheral edges of spawning groups would fertilize few if any

eggs. The results of electrophoretic analyses used to examine the

gametic success of satellite males confirmed this speculation, al

though those satellite males that were able to spawn with a pair

fertilized approximately 25% of the eggs that were deposited.

5. Chum salmon males do not possess territories or participate in

parental care. In such species, females are expected to choose

their mates on the basis of phenotypic attributes that are vari

able, difficult to disguise, discernible prior to mating, and cor

related with their inclusive fitness. The color pattern and body

size of male chum salmon appear to be the only traits that meet all

of these criteria.

6. A male’s color pattern clearly reflects his social status. The

“bar” pattern, consisting of vertical bars that run perpendicular

to the long axis of the body is generally worn by dominant males.

The stripe pattern, a single black—purple band that is parallel to

the long axis and bisects the lateral surface of the fish, is
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usually present on territorial females and subordinate males. Both

males and females are able to rapidly shift (within seconds) from

one pattern to the other. Two divergent selection pressures appear

to have favored the refinement and maintenance of these patterns.

First in a species where males often attack their sexual rivals it

pays females to be conspicuously feminine. Additionally, since

males are engaged in the simultaneous “business” of “selling them

selves” to females and threatening rivals it is not surprising that

the bar pattern which tends to amplify the apparent width of an in

dividual is generally a “masculine” color pattern. Second, current

theory predicts that “female mimicry” will occur in a species when

competition for females or for resources necessary for successful

reproduction is rigged against a segment of the male population.

Since females are a limiting commodity in chum salmon demes the use

of the stripe pattern by subordinate males probably represents a

form of female mimicry. Presumably “female mimics” avoid repeated

attacks by other males and can therefore position themselves next

to females. This in turn provides them with opportunities to fer

tilize eggs. The cost of such mimicry lies in the reluctance that

females should exhibit to such suitors.

7. Additionally, females are expected to prefer the largest males in a

deme since these animals are probably older or have faster growth

rates, both of which are signs of vigor and perhaps of a superior

genotype. Moreover, within the genus Oncorhynchus males generally

produce sons that have similar life-history strategies to their
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own. Since larger males usually have more opportunities to ferti

lize eggs than small ones it would presumably increase the poten

tial fitness of a female if she could produce relatively large

Sons.

8. A female salmon can theoretically select who spawns with her by

delaying nest construction or attacking and chasing undesirable

suitors--both strategies lengthen the time a male is forced to de

fend a female from nearby rivals. She can also enhance her 11at-

tractiveness~’ or advertise her presence by performing motor activ

ities such as digging, weaving, nosing, probing, crouching, etc.

in an excessive manner. Videotape films were analyzed to determine

whether females used any of these tactics while being courted by

various type of males. The tapes revealed that females were °aware”

of both the color pattern and relative size of the males that court

ed them. They slowed down nest construction when courted by males

that were smaller than themselves or who possessed the stripe color

pattern. The only feminine display (including agonistic behavior)

that was influenced by the physical appearance of a sexual partner

was prolonged crouching. When courted by males having the stripe

pattern this behavior occurred more often than when the male had

the bar pattern. The relative size of the male did not influence

the frequency of prolonged crouching.

9. Males, on the other hand, were acutely aware of female movements,

particularly those like nosing, probing, and crouching where the

female’s body is angled toward the substrate. Female movements
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like weaving and nest digging also appeared to attract males but

not as strongly as the above behaviors.

10. Intrasexual competition also affected the “spawning success” of fe

males. Rivalry for territory sites became intense when < 1.66

was allocated per female in the experimental stream. However, the

relative size of a female did not influence her ability to estab

lish or maintain a territory. Furthermore, the amount of space a

female could successfully defend was not altered by her relative

size but was strongly influenced by the number of territorial fe

males within her spawning reach. Generally the greater the competi

tion for space the smaller the area a female could successfully

hold.

11. The relative size of a female also did not influence her “attract

iveness” to males. However, males definitely preferred females

that were close to spawning over those that were nonterritorial,

spent, or who were just beginning a nest. Apparently, the impossi

bility of predicting the number of eggs a female will deposit, the

size of those eggs, the quality of the subsequent young, and the

costs incurred by being selective (i.e., time lost by searching)

have forced males to adopt the simple strategy of attempting to

fertilize as many eggs as possible.

12. Neither female nor male fertility appear to be important in deter

mining how attractive they may be to the opposite sex, primarily



243

because members of both sexes remain fertile for prolonged periods

of time.

13. Previously gathered information on salmonid fishes indicated that

parental age and growth characteristics affected the quality of

their young. Since females exhibited a behavioral preference for

socially dominant and “large” males two artificial crosses (Crosses

I and II) were made to determine if any progeny characteristics

could be linked to paternal size and age—at—maturity. In Cross I

the effect of a male’s size on the growth rate of his young was

examined, while in Cross II the effects of male age and egg size on

the efficiency of yolk material utilization were inspected. Differ

ences in growth and yolk material efficiency were detected, but

they were not consistently associated with any of the aforementioned

parental traits. A third artificial cross (Cross III) was made to

examine the importance of parental age and size—at-maturity on the

viability and growth of young chum salmon before and immediately

after emergence. No differences in viability were observed, al

though some of the families produced by this cross did grow more

rapidly than others. However, neither parental size nor age—at—

maturity could be linked to how rapidly young chum salmon grew.

14. The results obtained from these crosses are not surprising. First,

the fish produced from each cross were incubated and raised in

artificial environments that tended to maximize their survival and

growth. Under such circumstances small differences in fry quality

may be masked. Moreover, the criteria used to evaluate fry quality
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were arbitrarily chosen and thus important performance differences

directly linked to parental phenotypes may yet remain to be discov

ered. Second, current genetic theory predicts that the amount of

additive genetic variance (or breeding value) associated with

traits closely linked with fitness (such as most of the ones exam

ined) should be zero. However, in this species, and others where

paternal care is nonexistent, females have exhibited strong prefer

ences for certain types of male partners. I feel the feminine pref

erence for socially dominant mates (i.e., relatively old and large

males) in chum salmon originated and maintains itself because males

tend to mature at the same age as their fathers. Consequently, by

mating with such individuals a female increases the probability

that her sons will have greater access to females than if she were

nonselecti ye.

15. Females within this genus apparently also produce daughters with

maturity schedules similar to their own. Nevertheless males do not

show any preference for relatively large mates. This nonselectiv—

ity has manifested itself for several reasons. Unlike males, the

relative size of a female does not influence her ability to success

fully spawn. Thus the only advantage a male would accrue by exclus

ively mating with large females would be that his daughters would

likewise be large. The potential benefits derived from siring

large daughters are that old and large females generally have more

and sometimes larger eggs than smaller ones. However, these advan

tages seem to quickly disappear if a male spends an inordinate
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APPENDIX I: THE METHOD USED TO CALCULATE THE EXPECTED
PAIRINGS AMONG FISH PLACED INTO THE

EXPERIMENTAL STREAM

The following example will illustrate how expected pairings among

fish placed into each section of the experimental stream were calculated.

Suppose that a section contains five males and five females with the

following body weights:

FEMALES MALES

Tag no. Weight (kilograms) Tag no. Weight (kilograms)

1 3.0 1 2.0

2 3.0 2 4.0

3 2.0 3 5.0

4 2.0 4 3.0

5 3.0 5 1.0

If mating occurred randomly, every male would have an equal probability

of pairing with every female and thus there would be 25 possible combina

tions of males and females (i.e., 5 00 x 5 oo). Each possible combina

tion has a male body weight:female body weight size ratio. The probabil

ity of a pair forming with a particular size ratio can be calculated by:

1) transforming every possible size ratio into a quotient (e.g., the

five quotients for male one equal 0.66 for females one, two, and five,

and 1.0 for females three and four); 2) placing each quotient into an
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arbitrary class (for male one, 0.66 or 1.0), and 3) dividing the number

of pairs falling into each class by the number of possible male-female

combinations (in this case 25). If 150 pairs had been observed in this

section the exepcted number falling into each arbitrary class would

equal its probability of occurrence multiplied by 150. The results of

such a mathematical treatment on this hypothetical population are illus

trated below:

The expected number of paris falling into various
classes after 150 pairs had been observed

Class 0.33 0.50 0.66 1.00 1.33 1.50 1.66 2.00 2.50

Sum of the pairs 3 2 3 5 3 2 3 2 2
falling into each
class

Probability 0.12 0.08 0.12 0.20 0.12 0.08 0.12 0.08 0.08

Expected no. of 18 12 18 30 18 12 18 12 12
pairs (out of 150)

In the above example, I assumed that all the fish were sexually

active and therefore theoretically available to each memeber of the

opposite sex. In a few sections some individuals were not sexually

active during every observation period. The expected number of pairs

falling into each class can be modified to account for this by calcula

ting additional probability sets. For example, assume that male “one”

did not become sexually active until after 50 pairs had been observed.

The first set of probabilities would exclude him while a second set

would be identical to the probabilities shown above. The expected
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