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We evaluated covariation in eight life history traits within the family Salmonidae.
Principal components analysis defined a primary tactic ranking salmonids from large,
early-maturing, semelparous individuals bearing few, large, rapidly developing eggs
to the opposite suite of characters in small, iteroparous individuals. The analysis also
defined a secondary cline from anadromous to freshwater forms, and a tertiary tactic
describing variation in development. Clustering of species on the basis of life history
traits reflected taxonomic affiliations. Life history traits appear to co-evolve and form
successful life history strategies best suited to the biology and environment of a given
taxon. Migratory behaviour and life histories are closely linked. The correspondence
between behaviour and life histories may lead to unanticipated but nevertheles suc-
cessful life history strategies.
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Mi OLEHHBAIM KOBAPHALDG) 8 NMapaMeTpoB #MM3HEeHHEX LMKIIOB B CceMedcTBe Salmonidae.
AHAIMZ OCHOBHSI{ KOMIIOHEHTOB BEABWI NEPBHYHOS TaKTHHMECKOS DaHiMpOBaHHE JOCO—
CEBEIX OT KPYIHEX, PaHO COIpeBaruMX OOHOKPATHO HEPECTAUMXCHA OCOBeH, BEMETHBAa—
HIMX HEMHOTO KPYTHEX OHCTPO PasBHBAFIMXCA MKPHHOK OO0 [MROTHBOMOMOWHOrD Hadopa
MPHIHAKOR YV MENKHX MHOMOKpPATHD HEpeCTAMXCR oCoGel. AHAMM3 BHFEMN Talke BTO-
PHUHSF KITHH OT aHampoMHel 0 MReCHOBOMHEX (opM M TAKTHKY TpeThelo NOpAmKa,
OIMMCHBRUYH DAHIHMA B PASBHTHH. [pyITHMPOBaHHE BHIOOE Ha OCHOBE OCOOEHHOCTEH
FHIHSHHODD IHMIIA OTPAKAST TAKCOHOMMHMECKHEe CBAZH. OTOeNbHEE OCOGeHHOCTH #Mi3-—
HEHHOTO UMKIA MO-BHIFMOMY KOBBOHLIMOHMPYIT M GOPMADYIT CTPATEIHH) HM3HEHHOTO
LHKNa, Havbonee Nonxofmpe U GMONoTHH W YCNOBHH OGHTaHMA OaHHOTYD TakcoHa.
MurpauHoHHOe MOBENSHHE M MH3HEHHSE UMKIH  TeCHO CBA3abkl. COOTEETCTEHE MEk-—
Oy MoBeleHHeM H ¥HM3IHeHHEM LHMKIIOM MOWeT NMpHBeCTH K GopMHMpOBaHMIn HeonMOAHHEDL,
HO TEM HE MEHEE VCTEUHS CTPATErHH #HMIHEHHOTO IHMKIA.
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Introduction

Suites of life history traits should co-evolve to form
adaptive tactics of reproduction and survival (Stearns
1976). Genetic, physiological, and developmental path-
ways constrain these tactics so that any given phylogen-
etic lineage has a limited number of reproductive and
survival alternatives (Stearns 1980, 1983, Brown 1983).
Similarly, allometric constraints with body size limit or
preclude certain life history tactics within and between
phylogenetic lines. This raises several interesting ques-
tions (Stearns 1980, 1983): To what degree does our per-
ception of life history tactics depend upon phylogeny?
How many of these perceived tactics are really allo-
metric constraints of body size? What is the relationship
between behaviours and life histories?

Mammalian life histories are related to body size
(Millar 1977, 1981, Tuomi 1980, Eisenberg 1981) which
accounts for most of the covariation among traits
(Stearns 1983). Weight and phylogenetically-related co-
variation among mammalian life history traits define a
primary tactic of r- to K-strategists and a secondary tac-
tic of altricial to precocial forms (Stearns 1983).

Reptilian life history tactics are also constrained by
body size but to a lesser degree than in the mammals
(Stearns 1984). Again, the first classwide component
describes a tactic ranking reptiles from r- to K-strat-
egists. Life history tactics appear to be lineage depen-
dent in reptiles and mammals (Stearns 1983, 1984). This
general dependency of life histories on phylogeny sug-
gests that microevolutionary trends in life histories are
constrained within evolutionary lines.

But this gives little insight into how traits may have
co-evolved in those ancient lineages. Did the common
ancestors possess a wide or narrow array of life history
traits? How many of the observed phylogenetic con-
straints have evolved through selective elimination of
alternative tactics, as opposed to divergence of tactics
along different phylogenetic lines?

We suggest that the answers to these questions can be
found by careful examination of life history variation in
closely related groups of organisms. We begin this anal-
ysis by looking at the Salmonidae, a well-studied fish
family with complex life histories. We ask three explicit

questions related to covariation and evolution of salm-
onid life histories: 1) How do life history traits covary
within the family Salmonidae? 2) Does size effect pat-
terns of covariation in life history traits among salm-
onids? 3) What is the relation between life style (i.e.
anadromy, freshwater residency) and life history?

The family Salmonidae contains three subfamilies,
nine genera, and about 68 species (Behnke 1972). Five
genera are recognized within the subfamily Salmoninae
(salmons, trouts, chars): Brachymystax, Hucho, Oncor-
hynchus, Salmo, and Salvelinus. The subfamily Thymal-
linac (graylings) consists of a single genus, Thymallus,
with four species. Three genera (Coregonus, Pros-
opium, and Stenodus) are recognized within the sub-
family Coregoninae (whitefishes, ciscoes).

Truly anadromous forms are found only in the sal-
monines. Oncorhynchus spp. (Pacific salmon) make ex-
tensive oceanic migrations and mature at sea, although
freshwater forms of O. masu, O. nerka, and O. tshawyt-
scha do exist. All individuals are semelparous. Salveli-
nus spp. exhibit the least degree of anadromy (e.g. S.
namaycush has no anadromous form) and undergo re-
stricted coastal and estuarine migrations. All members
are iteroparous. Salmo spp. are intermediate between
the other two genera in extent of oceanic migrations and
degree of iteroparity.

Materials and methods

We selected only those species for which we could com-
pile data on eight life history traits: hatching time of
egg, egg size (diameter), number of eggs, age at matu-
rity, length at maturity, maximum length, maximum
age, and inter-brood interval. The references used to
compile these data have been coded in Tab. 1 (cf. Refer-
ences). The final data set included 21 species, 29 forms
(13 anadromous migrant, 16 freshwater resident), and
seven genera representing all three subfamilies (Tab. 1).
Values were recorded for females only. Maximum age
was not used directly in the analyses because of in-
creased error associated with the ageing of older indi-
viduals. Instead, maximum age and inter-brood interval
were incorporated in an estimation of maximum broods
per life where

Maximum age — minimum age at maturity

Maximum broods per life =

We used a modification of Stearns’ (1983, 1984) pro-
tocol for evaluating size constraints on life histories.
First, we regressed each trait on maximum length. Next,
we constructed principal components (PC1 method;
Anon. 1983) using all life history traits on all 29 forms.
We repeated the principal components analysis (PCA)
excluding maximum length. We repeated the PCA
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inter-brood interval

again, after removal of body size effects by subtracting
b; X maximum length (b, = slope of the regression of
the ith trait on maximum length) from the ith trait on
each form (Stearns 1984). We then used hierarchial
clustering, based on Euclidean distances (Wishart 1978)
of the component scores, to generate groups of fish with
similar degrees of covariation in life histories.
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