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Network-scale spatial and temporal variation in 
Chinook salmon (Oncorhynchus tshawytscha) redd 
distributions: patterns inferred from spatially 
continuous replicate surveys 

Daniel J. Isaak and Russell F. Thurow 

Abstract: Spatially continuous sampling designs, when temporally replicated, provide analytical flexibility and are 
unmatched in their ability to provide a dynamic system view. We have compiled such a data set by georeferencing the 
network-scale distribution of Chinook salmon (Oncorhynchus tshawytscha) redds across a large wilderness basin 
(7330 km2) in central Idaho for 9 years (1995-2003). During this time, the population grew at a rate of 5.3 recruits 
per spawner, and redd numbers increased from 20 to 2271. As abundances increased, fish expanded into portions of the 
stream network that had recently been unoccupied. Even at the highest escapements, however, distributions remained 
clustered, and a limited portion of the network contained the majority of redds. The importance of the highest density 
spawning areas was greatest when abundances were low, suggesting these areas may serve as refugia during demo
graphic bottlenecks. Analysis of variance indicated that redd numbers were strongly affected by local habitats and 
broad climatic controls, but also revealed a space-time interaction that suggested temporal instability in spatial patterns. 
Our results emphasize the importance of maintaining habitats with high densities of individuals, but also suggest that 
broader views may be needed to accommodate the dynamics of natural salmonid populations. 

Resume : Les plans d'echantillonnage spatial en continu, repetes dans le temps, fournissent une flexibilite d'analyse et 
sont sans pareil pour generer une perspective dynamique d'un systeme. Nous avons compile une telle banque de don
nees en etablissant par georeferencement la repartition a l'echelle du reseau des frayeres de saumons quinnat (Oncor
hynchus tshawytscha) dans un grand bassin versant sauvage (7330 km2) du centre de l'Idaho pendant 9 ans (1995-
2003). Pendant cette periode, la population a cru a un taux de 5,3 recrues par reproducteur et le nombre de frayeres est 
passe de 20 a 2271. Au fur et a mesure de l' accroissement de l' abondance, les pois sons ont envahi des sections du 
reseau hydrologique encore recemment inoccupees. Meme dans les escarpements les plus eleves, cependant, la 
distribution demeure contagieuse et une partie restreinte du reseau abrite la majorite des frayeres. L' importance des 
sites de frai a densite tres elevee est maximale aux densites faibles, ce qui laisse croire que ces sites servent de refuges 
durant les goulots d'etranglement demographiques. Une analyse de variance indique que le nombre de frayeres est tres 
affecte par les habitats locaux et les facteurs generaux de controle climatique; elle montre aussi une interaction espace
temps qui laisse croire a une instabilite temporelle des patrons spatiaux. Nos resultats mettent l'emphase sur 
l' importante de preserver les habitats de grande densite de poissons, mais ils laissent aussi entrevoir que des perspecti
ves plus larges seront peut-etre necessaires pour tenir compte de la dynamique des populations naturelles de saumons. 
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Introduction mammg populations persist at low levels, which has 
prompted federal protection under the US Endangered Spe
cies Act and costly restoration efforts. Initial attempts to re
store populations focused on curtailment of adult harvests, 
supplementation of wild stocks with hatchery fish, and mod
ification of hydrosystems to reduce mortality (Independent 

Pacific salmon populations have declined during the last 
century across much of North America outside of Alaska, 
especially at inland and southern peripheries of historical 
ranges (Nehlsen et al. 1991; Thurow et al. 2000). Many re-
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