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Summary

The northwestern Gulf of Mexico currently experiences a large hypoxic area (“dead zone”) during the
summer. We developed a spatially-explicit, individual-based model to analyze how hypoxia effects
on individual croaker in the northwestern Gulf of Mexico could lead to population-level responses.
The model follows the hourly growth, mortality, reproduction, and movement of individuals for 140
years on a 300 x 800 spatial grid representing the bottom habitat. Chlorophyll-a concentration, water
temperature, and dissolved oxygen (DO) were specified daily for each grid cell and repeated for each
year of the simulation. For some simulations, chlorophyll was adjusted from baseline based on the
severity (mild or severe) of the hypoxia in each year. Hypoxia effects were imposed by exposure to
low DO reducing growth, survival, and annual fecundity. Simulations were performed that used
random sequences of hypoxia years, with and without coupling to chlorophyll concentrations. The
population was predicted to decline by 10 to 25% due to hypoxia. The negative effects of reduced
food under a 25% reduction in nutrients were offset by the positive effects of moderate reductions in
hypoxia. Our results highlight how the population-level responses are a function of the combined
effects of nutrient-driven food supply and hypoxia.

Introduction

Anthropogenic eutrophication is increasing in coastal waters and has been implicated in causing
changes to the ecological structure and functioning of semi-enclosed and coastal marine systems
(Diaz and Rosenberg 2008). Ecosystem responses to eutrophication include: shifts in energy flow
among functional groups within the food web, changes in phytoplankton and fish community
composition, declines in habitat quality for fish and other organisms, and increases in harmful algal
blooms. Eutrophication is often, but not always, associated with increased frequency and duration of
hypoxic (DO <2 mg/L) events. However, increased nutrient supplies can also supplement secondary
production, thereby increasing fish productivity. Eutrophication and associated hypoxia are expected
to increase in the future due to increased human population and climate change (Rabalais et al. 2009).

Direct, quantitative evidence that reducing hypoxia has net positive population-level effects on
coastal fish species is equivocal except for several well-studied systems (Rose et al. 2009). We present
a spatially-explicit, individual-based population dynamics model of Atlantic croaker (Micropogonias
undulatus) in the northwestern Gulf of Mexico, and use the model to examine the tradeoff between
food effects and hypoxia effects on simulated croaker population dynamics.

Methods

The model simulated the hourly growth, mortality, reproduction, and movement of thousands of
individual croaker from release as eggs until age-8 for a period of 140 years on a 2-dimensional (300 x



800 1-km? cells) spatial grid. The model grid is centered on coastal Louisiana, which encompasses the
hypoxic zone and the major habitat of croaker. Predicted hourly bottom-layer DO for the inner
Louisiana-upper Texas shelf was taken from a coupled hydrodynamics-water quality model (Justi¢
and Wang 2014) and used to simulate oxygen conditions in each spatial cell for the entire year. Daily
water temperature and food availability were specified for each spatial cell for a typical year
(climatological conditions), and these conditions were repeated year after year. For some simulations,
chlorophyll in the nearshore region of the model grid was adjusted from climatological conditions
(assumed to be associated with intermediate hypoxia) using spring and summer multipliers based on
the severity (mild or severe) of the hypoxia in each year. Growth, survival, and fecundity were
reduced based on accumulated exposure to the hourly DO values using a set of exposure-effects sub-
models.

Results and Discussion

With all other conditions assumed climatological, long-term croaker population abundance was
predicted to decline by 10-25% due to hypoxia. Similar predicted reductions were obtained whether
chlorophyll was coupled to the severity of hypoxia or not. Reductions in nutrient loadings, assuming
the same current-day hypoxia conditions, led to lower croaker population abundance due to
decreased food supply. DO concentrations were progressively increased in the model to evaluate
tradeoffs between the positive effects of reductions in hypoxia severity and the negative effects of
decreases in food supply from fewer nutrients. Under a 25% reduction in nutrient loadings, a
moderate reduction in hypoxia would be sufficient to maintain the same abundance of croaker.

Our results show how quantifying the population-level effects of hypoxia on fish can be confounded
by the simultaneous changes in food related to nutrient loadings. We isolated the hypoxia effects,
and also determined how reductions in hypoxia associated with reduced nutrient loadings would
offset lower food effects. Our strategy was to simulate quasi-realistic environmental conditions that
croaker experience in the northwestern Gulf of Mexico, and by repeating the conditions for many
years, allow for clear quantification of any long-term cumulative population-level effects of hypoxia.
We used a spatially-explicit, individual-based approach to allow for flexible, and hopefully more
accurate, simulation of movement, hypoxia avoidance, and exposure to time- and space-varying
abiotic (temperature, DO) and biotic (food) conditions. Our analyses used a bottom-up model
building strategy, whereby each of the major components of the model had a strong empirical basis to
ensure predicted effects were realistic and credible.

References

Diaz, R.J., Rosenberg, R. 2008. Spreading dead zones and consequences for marine ecosystems. Science 32: 926-
929.

Justi¢, D., Wang, L. 2014. Assessing temporal and spatial variability of hypoxia over the inner Louisiana—upper
Texas shelf: application of an unstructured-grid three-dimensional coupled hydrodynamic-water quality
model. Continental Shelf Research, 72, 163-179.

Rabalais, N.N., Turner, R.E., Diaz, R]., Justic, D. 2009. Global change and eutrophication of coastal waters. ICES
Journal of Marine Science 66: 1528-1537.

Rose, K.A.,, Adamack, A.T., Murphy, C.A., Sable, S.E., Kolesar, S.E., Craig, ].K, Breitburg, D.L., Thomas, P.,
Brouwer, M.H., Cerco, C.F., Diamond, S. 2009. Does hypoxia have population-level effects on coastal fish?
Musings from the virtual world. Journal of Experimental Marine Biology and Ecology 381: S188-S203.



	Modeling the population-level effects of hypoxia on a coastal fish: implications of a spatially-explicit individual-based model
	Summary
	Introduction
	Methods
	Results and Discussion
	References

