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What Is More Important?




Modeling Approach
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Modeling Steelhead Life History




Bioenergetics Modeling
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Traditional Bioenergetics Modeling

ﬁ = fc®. (T)W (t)°%° — a®,, W (t)

f = relative energy density of food

¢ = maximum consumption of a 1g fish

a = weight specific catabolic cost

®.(T) = temperature dependence of consumption
®,,(T") = temperature dependence of respiration



Individuals Compete for Resources




Bioenergetics Modeling With Competition

f = relative energy density of food

¢ = maximum consumption of a 1g fish

a = weight specific catabolic cost

®.(T) = temperature dependence of consumption
®,,(T") = temperature dependence of respiration

A(t,l) = individual access to resources



Competition




Competition
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Effective Population Density
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Entire Population

n(t, 1) = 4’ C (1, \n(t, \)A2dA



Entire Population




Access to Resources
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Modeling Steelhead Life Histor
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Smolting Decision

Po(la) — 1 ls(a) : Critical smolting length for an
o(l, @) = 1+ ex (_ I—1 (a ) individual of length a
P Ts os : Spread of the smolting probability
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Modeling Steelhead Life History
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Expected Marine Survival
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Application To The Carmel River




The Setting
The Carmel River
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The Carmel River




Steelhead in the Carmel River

“The Carmel River is a good example of
how fast an anadromous fish population can
decline to the point of near extirpation”

California Department of Fish and Wildlife, Steelhead Restoration and Management Plan F



The Data

- Fall Surveys

. Sleepy Hollow Steelhead
Rearing Facility (SHSRF)

- Adult Counts

- Relocations

. In-stream Temperature




Fall Surveys
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Fall Surveys
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Sleepy Hollow Rearing Facility




Sleepy Hollow Rearing Facility
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Adult Counts

- Yearly counts at
the San Clemente
Dam




Adult Counts
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Total Relocations

125000

- Yearly relocations
by the Carmel
River Steelhead

100000

N ]
S N
S S
S S
- O

Association
(CRSA) and
MPWMD

Total Number of
Relocations

25000

0
1996

1998 2000 2002 2004 2006 2008 2010 2012
Year




Temperature

. In-stream

temperature
measurements at 4

locations

- Interpolated to the
fall survey
sampling sites
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Combining the Model with Data

Including Life History
Focusing on YOY




The Approach

Resident

Time of Emigration
Birth Growth

Smolting Probability

Ocean Survival

53% return 1 year later
47% return 2 years later Steelhead

—> Focus of this project



Total Abundance at Site

Ny total individuals



Sampled Abundance at Site

N individuals captured in the fall survey



amples Have Different Ages
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Selecting only YOY from Population
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Imputing Age Classes For Individuals Not
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Focusing on YOY individuals




Back Calculated Growth
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Forward Projected Growth
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Smolting and Survival
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Results




Results

General Patterns

Predictions of Adult Returns
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Length At Sites

Mean YOY Length
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Stream-Wide Lengths
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Relocations and Length
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Relocations and Density
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Abundance and Length
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Results

Adult Returns




Length and Adult Returns
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Predictions Based on Life History

Adults
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Predicted Composition of Adult Returns
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Have we gained anything by

including individual life history?
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Conclusions

- The Carmel River may be experiencing a change
In environmental regimes

- There has been a shift in composition of
returning adults from wild to reared individuals

- The inclusion of life history attributes allows us to
make better predictions of the dynamics

. Our methodology is relatively robust to our
assumptions




