Large variation around stock-recruitment  : ' -

relationship : .

Often poor fits to empirical data . o &
A

Depensation (inverse density dependence)

Lower than expected recruitment success at low population levels

-- could occur if predators ate larvae at a constant rate

-- females fail to find mates when stock size is low

-- fertilization rates of broadcast spawners dependent on sperm
concentration

Can also be referred to as Allee effect

Depensation may prevent stock recovery from exploitation

What types of species likely would be most affected?

Stock assessment

+ Single and multi-species assessment

+ MSY a starting point for understanding exploitation

+ Sustainability = balance between mortality and
reproduction/growth

« Mortality, reproduction, growth due to abiotic and biotic
factors
(balance through density dependence — “compensatory
effects”)




What determines population biomass?
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Yield-per-recruit models

* “Dynamic pool” approach — - /
models that keep components —
separate (reproduction, growth, . |
natural mortality, fishing mortality) : \\

+ Assumes that recruitment is §
constant h

+ Trade-off between the sizes of R
individuals caught and the number ¢/ \
of individuals available for capture ! /.."

Calculate yield per recruit and population biomass per recruit to
balance desire to maximize yield against need to ensure sufficient
reproduction to minimize recruitment overfishing

=
t (kg
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Incorporating recruitment
into yield-per-recruit models

* Recruitment ignored in yield-per-recruit models (assumed
constant)

* Yield-per recruit models address growth overfishing, they
need to be incorporated with stock-recruitment models to
avoid recruitment overfishing

* Replacement lines used to understand how changes in
fishing mortality affect recruitment rates of exploited stocks

Replacement line of slope 1.0 means that
recruitment balances spawning stock size

Can predict trajectory of a population

from any stock size

used to understand how changes in

fishing mortality affect recruitment rates

of exploited stocks

« Upper graph, population approaches o 3
stable equilibrium , Vo

« Lower graph, steeper replacement line
to accommodate higher fishing mortality R
- recruitment is not high enough to . -
sustain the population and it will
crash




Fishing Effects on Populations and
Communities

* Vulnerability to fishing -- predator-prey relationships
(humans-target species)

Determined by:
-- behavior (susceptibility to fishing gears)

-- life history (evolution has made some fishes more
vulnerable to fishing mortality and population declines
than others)

Behavior

-- schooling or aggregating may increase predation risk for humans
But...schooling or aggregating may decrease predation risk for
natural predators

-- aggregating species can be targeted despite low population size
(e.g., spawning aggregations)

-- net avoidance determined by swimming speed and escape
responses

-- migration routes — targeted by fishers

-- habitat associations

Life History

-- larger, slow-growing, late-maturing species suffer greater population
declines due to fishing
But... evolutionarily are buffered in population size against poor years of
recruitment

Population Effects of Fishing

-- fishing tends to change size and age structure
mean body size and age decreases as fishing mortality increases)

-- egg production may decrease
-- but growth rates and production may also increase following
decreases in population density due to fishing

-- change in sex ratio (hermaphrodites) when sex change dictated by
size (becomes female-biased population when species is protogynous)

...also can change sex ratio by size limits of the fishery (dungeness
crab)

-- genetic structure may change (faster-growing individuals are removed
from the population)

Population Effects of Fishing
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Community Effects of Fishing

Mumber of species

Diversity:

-- extinction (rare) vs. extirpation (giant sea bass, white abalone)

250

Cumalative %

I 10 100
Species rank

Community Structure:
-- fished community dominated by small individuals and smaller species

-- changes in trophic structure

Fully protected Some poaching

Bl Herbivores
Invertebrate feeders
3 Piscivores




