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Fisheries

The northern Gulf of Mexico supports commercial and
recreational fisheries which generate over $2 billion annually.
These fisheries are directly impacted by hypoxia. Fishery
resources are affected by direct mortality of managed species and
their prey, decreased fecundity, loss of habitat, decreased growth,




Direct Mortality

Mobile species will usually move away from hypoxic waters unless
hypoxic waters trap organisms near land.

Benthic species that cannot escape hypoxm Waters usually dle
thereby reducing the AT
amount of prey available
to managed species.




Decreased Fecundity

Thomas and Rahman (2009, 2011) - Suggest severe reproductive
Impairment can occur over large coastal regions in marine fish
populations exposed to seasonal hypoxia, with potential long-term
Impacts on population abundance.

Hypoxia has been shown to decrease growth in fish. Larger fish can
be exponentially more fecund than smaller fish.

Creekmore (2011) - Using a range of mild, intermediate, and severe
hypoxia conditions, a bioenergetics model predicted an 18-29%
decrease In the long-term population abundance of Atlantic
croaker.
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Thomas – exposure to hypoxia can skew sex ratios to more males in the fish population  - suggest that the reproductive output of croakers was severely decreased over a large area of approximately 30 000 km2 in the nGOM. Gonadal growth and gamete production were impaired in croakers from hypoxic sites compared with fish from reference normoxic sites east of the Mississippi River Delta.

Overall, sperm production was 26.2% that of the control fish at the reference sites. This decrease in spermatogenesis at the dead zone sites was accompanied by an approximately 50% decrease in testicular growth compared to that in the reference fish. 

Thomas and Rahman (2011) -  Extensive reproductive disruption, ovarian masculinization and aromatase suppression in Atlantic croaker in the northern Gulf of Mexico hypoxic zone. Proceedings of the Royal Society. 
Creekmore (2011) – Modeling the population effects of hypoxia on Atlantic croaker in the northwestern Gulf of Mexico. Master’s Thesis. LSU.
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Habitat Loss

Craig et al. (2005) - Hypoxia has caused an approximately 25%
loss of brown shrimp habitat on the Louisiana continental shelf

with shifts In
distribution and
associated high
densities both
Inshore and
offshore of the
hypoxic region.
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Craig et al. (2005) – Spatial distribution of brown shrimp on the northwestern Gulf of Mexico shelf: effects of abundance and hypoxia. Canadian Journal of Fisheries and Aquatic Science.



Habitat Loss

Zimmerman (2003) - Summer hypoxia off Louisiana blocks access
of juvenile shrimp migrating to offshore feeding grounds. Brown
shrimp habitat value decreased in areas where severe hypoxia
killed infaunal annelid worms.

Craig and Crowder (2005) - Brown shrimp and Atlantic croaker
moved into cooler or warmer waters due to hypoxia.

Switzer et al. (2009) - Hypoxia rendered large areas of the Gulf of
Mexico unsuitable as flatfish habitat.

Zhang et al. (2009) - Observed that hypoxia can influence the
spatial distribution of pelagic species including their spatial
overlap, in both horizontal and vertical dimensions.


Presenter
Presentation Notes
Zimmerman 2003 Basis for concern about the hypoxic zone in coastal Louisiana

Craig Crowder 2005 Hypoxia Induced Habitat Shifts and Energetic Consequences in Atlantic Croaker and Brown Shrimp on GOM Shelf

Switzer 2009 Habitat selection by flatfishes in the northern Gulf of Mexico Implications for susceptibility to hypoxia

Zhang 2009 Hypoxia-driven changes in the behavior and spatial distribution of pelagic fish and mesozooplankton in the northern Gulf of Mexico



Habitat Loss

Hazen et al. (2009) — While pelagic habitat is usually not directly
Impacted by hypoxia, hypoxia can induce vertical or horizontal
displacement of fish causing potential indirect bioenergetic or
trophic interactions potentially leading to changes in growth,
exposure to predators, and foraging behavior.
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Hazen 2009 Vertical distribution of fish biomass in hypoxic waters on the Gulf of Mexico shelf


Effects of Hypoxia on Fisheries

Using fishery landings and effort data, Diaz and Solow (1999)
found a negative relationship between annual brown shrimp catch
per unit effort and a hypoxia index in the Gulf of Mexico that
suggests a negative effect of hypoxia on shrimp production.

Zimmerman and Nance (2001) found that since the expansion of
hypoxia in 1990, there has been a noticeable declining trend in
catch per unit effort of brown shrimp.

O’Connor and Whitall (2007) found a negative correlation between
the size of the annual hypoxic zone and landings of brown shrimp,
confirming and extending the findings of Zimmerman and Nance
(2001).
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This may have changed due to effort reduction in shrimp fishery in the past few years.

Diaz and Solow (1999) Ecological and Economic Consequences of Hypoxia. Topic 2 Report for the Integrated Assessment on Hypoxia in the Gulf of Mexico. 
Zimmerman and Nance (2001)  Effects of Hypoxia on the Shrimp Fishery of Louisiana and Texas. In Coastal Hypoxia Consequences for Living Resources and Ecosystems.
O’Connor and Whitall (2007) Linking Hypoxia to Shrimp Catch in the Northern Gulf of Mexico. Marine Pollution Bulletin. 
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The Gulf of Mexico shrimp fishery is affected by hypoxia.  In 2009, the Gulf of Mexico shrimp fishery landed over 251 million pounds of shrimp worth over $327 million in dockside value.  Approximately 46% of the shrimp caught in the Gulf of Mexico were landed in Louisiana. Shrimp will avoid hypoxic areas.  In order to pursue the shrimp, shrimpers have to travel further offshore increasing their operating costs.  
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The Survey is conducted in early to mid-July off the Louisiana coast each year usually before the hypoxic zone forms.  The hypoxic zone was its largest ever in 2002 and started forming in early July.  This figure shows the concentration of bottom dissolved oxygen and brown shrimp catches off Louisiana during the 2002 Survey off Louisiana.  Again the figure shows that you do not catch shrimp in areas of low bottom dissolved oxygen.
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The gulf menhaden fishery is the largest fishery by volume in the Gulf of Mexico and is the second largest fishery based on value.  In 2010, the gulf menhaden fishery landings were approximately 1.0 billion pounds and were worth over $66 million in dockside value.  The fishery is centered off the Louisiana and Mississippi coasts.  Most menhaden are caught within ten miles of shore.  The hypoxic zone affects the fishery when it impinges upon the nearshore areas of the Louisiana coast.  This figure shows catches summed for the July and August 2001 time period when hypoxia impinged upon the Louisiana coast.  Vessels from the Empire, Louisiana fleet had to travel nearly 100 miles from their port in order to find menhaden schools.  The menhaden schools simply were not located in areas that had hypoxia. 



Catch Per Unit Effort

One goal of analyzing data on fish stocks is to be able to allow
managers to make informed decisions about setting catch levels.
Fisheries managers want to maximize yield from most fisheries.

In most cases, as fish are removed from a population, that
population will decrease in abundance, and the average size of fish
In the population will also decrease. Existence of sustainable
fisheries is based on an increase in surplus production as abundance
decreases towards a level corresponding to maximum sustainable

yield (MSY).



Catch Per Unit Effort

Catch per unit effort (CPUE) from both fishery independent and
fishery dependent data sources are used In stock assessments as a
measure of relative abundance for species of interest.

CPUE can be influenced by
- efficiency of the fishing fleet
- changes in targeting by the fishery
- changes in size of the fishing fleet
- environmental factors
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The major objective of fishery independent surveys is to monitor temporal and spatial changes in the relative abundance of a target fish population or a particular life stage of the population in a manner that is not subject to the biases associated with commercial and recreational fishing data. 


Effects of Hypoxia on Fisheries

Even though catch per unit effort (CPUE) may increase when
hypoxia is present, Kociolek (2011) found that on average,
landings of large shrimp decrease in the presence of seasonal

hypoxia whereas landing of smaller Iess valuable shrlmp Increase

significantly.
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Kociolek 2011 Estimating the effect of hypoxia on economic rents from the brown shrimp fishery in the Gulf of Mexico


Conclusion

In order to effectively manage marine fisheries, managers need to
be able to quantify the impacts of hypoxia on fish populations.
Ecosystem based fishery management models should be able to
account for the impacts of hypoxia, but ecosystem based
management is not here yet.

While estimates of lost fishery production and financial losses to
commercial and recreational fisheries remain elusive, they are real.

Commercial and recreational fishermen must traverse the hypoxic

zone In order to reach suitable fishing grounds and incur increased
operating costs due to increased fuel expenditures and travel times.
Hypoxia also has both direct and indirect impacts on fish stocks.
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