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Objectives

> Examine other influences on nekton in Louisiana
coastal waters that might resemble the effects of
hypoxia

> Assess the effects of shrimp-trawl fishing on
shrimp and fishi populations

> Briefly' compare some aspects ofi our qualitative
and quantitative analyses



Using qualitative mathematical moaels:

> Generally known as Loop Models

> We can model important fishery species and
envirenmental variables meaningfully
o 10 explore andl predict how specific environmental

perturbations will influence populations in coastal
systems

~ We can examine the expected and unintended
consequences ofi alternative resource management
strategies

> Hopefully, we cani identify criticalldata needs and
generate testable hypotheses; fior complex
communities



Louisiana Coastal Stresses: Habitat
changes and' alterations

> Leveeing ofi Mississippi and Atchafalaya rivers for flood control
and navigation

» Canal dredging and spoill bank deposition for navigation
» OIll and gas exploration and production
> \Water diversions

>

> Point- and nen-peint source pollution
> Eustatic sea-level rise

> Subsidence

> Intreduction of non-Indigenous SPECIES
>



Historical Sequence of Human Disturbance
of Coastal Ecosystems

(after Jackson et al. 2001)
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Wetland Modifications
1. Land Loss
2. Hydrologic Changes
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Effects of Fishing Model

Most fishing gears catch non-target species
and/or sizes that are not marketed, these
iIndividuals are bycatch'.

Other individuals are not ‘caught” per se but
also suffer the “effects of fishing’, often injury
leading te mortality.



Commercial fisherman separating shrnmp
from bycatch (NOAA Phot |brary)
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for 2002 the bycatch-to-landings ratio for ommercial shrimping in the
nGOM was 4.56:1



Eflects of Fishing Model

Simple interactions may be positive &/or
negative and feedback along paths is positive if

l.e., no return)

Symbolic
Relationship

Name

Predator-Prey
Interference
Mutualism
Commensalism
Amensalism

Self-effect

it returns the same sign, negative if the sign
changes, or non-existent (if path is incomplete,

Feedback

Negative
Positive
Positive
N[e]g[!

None

+or -



“...we may want to work with models that

maximize generality, reality and precision, but
we can only maximize two of three.”

QUALITATIVE MODELS
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All models are lies

QUALITATIVE MODELS
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“...0ur truth 1S the: intersection
of iIndependent lies."

QUALITATIVE MODELS
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Community interaction matrix

1: Fishery, 2: Shrimp, 3: Non-Shrimp Preds, 4: Shrimp Preds



Adjoint [-A] or prediction matrix

An interesting observation here 1s that the shrimp trawl fishery has little (0)

effect on shrimp abundance

--this 1s a point
alluded to in the
1930s by Gordon
Gunter--bycatch
of demersal
predators
reduces natural
mortality on
shrimp

Total Mortality =
Fishing M
+ Natural M

1: Fishery, 2: Shrimp, 3: Non-Shrimp Preds, 4: Shrimp Preds



Adjoint [-A]

1: Fishery, 2: Shrimp, 3: Non-Shrimp Preds, 4: Shrimp Preds



Conseqguences ol Bycatch Reduction

> Fishery -1 -11=
> Shrimp -1 -1=
> Non-shrimp predators 2 -1=
> Shrimp predators 2+2=



Second 4-node model iIncludes
handling off bycatch

> Placing a direct negative interaction on; fishery.
due to handling ofi bycatch

> Bycatceh s antagonistic to fishery: in terms, of:
cost of handling discards, net clogging, ete.

Adding antagonism
results in interference
between the bycatch
and the fishery




Conseqguences ol Bycatch Reduction

> Fishery -4 =
> Shrimp 0+0= O
> Non-shrimp predators 0+0= 0
> Shrimp. predators 4+1=

Shrimp and Non-shrimp
predators are neutral



New 5- and 7-node models included Large
Shrimp: Predators, Algae, Benthos, and
Zooplankion

7-node models also included Algae,
Benthos, and Zooplankton

With and without antagonism

9-node models included Large
Shrimp; Predators
added as a guild, e.g.,
spotted seatrout, and 20
other species

With andl without antagenism



~our truthds theJdntersection

ofi Independent lies.”




... the intersection
ofi Independent lies

> [Fishery does influence small demersal nekton
(1. e., bycatch mortality and' effects of fishing)

> Fishery does not appear to influence shrimp
AUmMbers

» Reducing bycatech has a negative effect on
fishery (landings) and mayhe on shrmp
abundance (unless antagenism Is included)

> Reducing bycatch enhances the abundances of
smallland large shrimp predators and nen-shrimp
predators




Real Data

> We used real data from the National Marine
Fisheries Service and the Louisiana Department
of Wildlife and Fisheries to

o Examine relationships between the abundances and
landings of shrimp and the abundances of ~ 50 other
nekton species



Real Data

> \We used real data from the National Marine
[Fisheries Service and the Louisiana Department
oft Wildlitfe and! Eisheries to

o Examine relationships between the abundances and
landings of shrimp and the abundances of ~ 50 other
nekton species

> 15 years of bi-weekly data were analyzed as
nekton functional groups inia Factor Analysis



Shrimp:landings, centrall LA, NMES
data, 1966-2000
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Conclusions

Loop models corroborate previous quantitative analysis of changing
community structure due to shrimping (Chesney et al. 2000)

o Effects of fishing” may be responsible for some changes attributed to hypoxia
An unexpected finding: Models support Gunter’'s suggestion that
reducing| bycatch might hurt fishery landings and shrimp populations

o Reduction in bycatch mortality may mask effects of hypoxia for some species
Our quantitative (Factor) analysis of coastall Louisiana shrimp landings
and nekton abundance data at least partially corroborates the
gualitative Loop analyses

o \We see similar shifts in some functional groups
There are lots of good reasons to reduce bycatch, but we shouldibe
aware of the conseguences, and we should not leap to conclusions
about the causes of changes in coastal ecosystems

o Nevertheless, the effects of fishing’ are almost always first and foremost in terms
oft anthropegenic stressors

Utility’ of Leop analyses - they: can reveall unexpected relationships,

o but they are also usefuliin that they: rely on natural history: information rather than
mounds of data (whichiare often unavailable)
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