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Introduction

In most populations, competition for resources is local, so aggregation in suboptimal
sites curtails population growth rate'. If aggregation in suboptimal sites increases at
low density (non-ideal despotic distribution), small populations may suffer Allee
effects?.

Atlantic salmon juveniles undergo local competition for food and shelter. Juvenile
distribution is greatly determined by the choice of spawning site, made by mothers34.
This choice may in turn be constrained by obstacles to upstream migration.

Total number of recruits

- Is the distribution of Atlantic salmon redds influenced by obstacles?
-> Does the density of spawners modulate this influence?

Study site: Nivelle river main stream + Lurgorrieta (main tributary), 27.4 km
accessible to salmon, 5 weirs > 1.5 m.

Database: map of hydromorphic units suitable for spawning, number of spawning
females (estimated from captures at fishways) and location of redds between 1992
and 2006 (weekly census during spawning season).

Analysis: Bivariate point pattern analysis: density of redds within r suitable
hydromorphic units downstream from weirs. W = total numberof weirs

1 w Ry R, = total number of redds on year y
K(I", y) = Z Z 51] (r) 5ij(r) =1 if distance betweeniand j<r
WXR,

i=l j=1 5ij (r) =0 otherwise

- compare to 99t centile of 999 random distributions within suitable habitat

Distribution of redds and weirs Intensity of redds aggregation vs.
o along the river (2006) distance from upstream weir (2006)

0 Nivelle . N o 8
] I K c & 8

@ ' ' X 5
o4 [ s 84 = l?

' 2 o £
— ® 39
I | L L | g o e

o - 4 = - - 0.04 17}
© - § S 53
w - Lurgorrieta (main tributary) B 2 | 003 ‘ag, <
2 : 02 28

- s 8 | Repulsion g
B £ o — K(gata 001 I
- s | —/;;;rage Kt(lr)s‘mmfa‘izns‘ °
ol ‘ ‘ ‘ : ‘ ‘ =aa w99 oquan‘leso ‘(r ‘ 000 2
0 50 100 150 200 250 300 0 20 40 60 80 100 °

Distance to estuary (# of suitable hydromorphic units) Distance to upstream weir K0 gaa =KL gat conie 44 %6 59

(r, in # of suitable hydromorphic units)

)

titut National de a Recherche Agronomigue

Simulated productivity vs. density
for various spatial distributions

3500
|

3000
|

Ideal free

2500
|

Random
Non-ideal free

2000
L

Non-ideal despotic

T T T T T
100 200 300 400 500

Total number of spawners

The Nivelle river and its weirs
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( Redds usually aggregated in the first 15 suitable hydromorphic units

( Aggregation occurred almost every year, at all densities of spawning

Implications for population dynamics: fish accumulation below obstacles is known3, but
the aggregation of redds below weirs is a new result. This aggregation may lead to high local
densities of juveniles, thereby increasing density-dependent effects on population growth.

Habitat restoration: if fish prefer to spawn just below obstacles, habitat improvement should
be directed to these zones. Also, opening access to a long stretch of river at one go may lead
to aggregation at the new upstream limit and underuse of intermediate zones.
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