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>400 “Dead Zones” associated with human
activities, and the number doubled every decade
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Changes In Structure and Functions
of Ecosystems over large areas

— Mass mortality of fish and benthos
— Changes In species composition & food web

— Changes In trophic relationships

— Decrease In biodiversity and species richness
— Change In life cycle and species distribution

— Alters bioirrigation and bioturbation and
hence biogeochemistry and sediment-water
exchange

Phil, 1994; Wu, 2002; Gray et al., 2002,
Middelburg & Levin, 2009; Stramma et al., 2010; Zhang et al., 2010



Hypoxia alters sex hormone levels
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Hypoxia impairs reproduction & development
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Gonads
differentiate
into ovaries

3B-HSD (-)

CYP11A (-)
CYP19A (ND)

CYP19B (-)

Sex

differentiation

begins

(A) 10 dpf

3B-HSD (-)
CYP11A (-)
CYP19A (-)
CYP19B (-)
CYParom (-)

Sex
differentiation/

reversal is
completed

(B) 40 dpf

3B-HSD (-)
CYP11A (-)
CYP19A (-)
CYP19B (NC)
T/E, (NC)

3B-HSD (+)
CYP11A (-)
CYP19A (+)
CYP10R (+)
T/IE, (+)
CYParom (-)

Final

maturation of
the gonads

3B-HSD (-)
CYP11A (-)
CYP19A (+)
CYP19B (+)
T/E, (NC)

3B-HSD (-)
CYP11A (-)
CYP19A (+)
CYP10R (NC)
TIE, (+)
CYParom (-)

(C) 60 dpf

(D) 120 dpf

Spawning

Juvenile

30 dpf



Hynoxia tips sex halance &
favors a male biased population
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Normoxia

***p <0.001, n =5, mean + SD
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Where are the girls?

Girls, Grils, Girls,
where are the
Girls?
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http://www.google.com.hk/url?sa=i&rct=j&q=men+crowd&source=images&cd=&cad=rja&docid=DY9BgkRn37DW2M&tbnid=5lacY4zrLo7ZUM:&ved=&url=http://www.china-mike.com/chinese-culture/society/one-child-policy/&ei=Hm5yUf2zFKqeiAfU3oFQ&psig=AFQjCNGhZ8TpjxwrayF2TX6eygp1wJkCng&ust=1366540190642246

Hypoxia delays d

24hpf

Control

Hypoxia (0.5mg/l)

evelopment




Hypoxia causes malformation
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Some EDC can cause epigenetic changes and
hence trans-generational effects in mammals
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http://www.google.com.hk/url?sa=i&rct=j&q=pregnant+women&source=images&cd=&cad=rja&docid=9H7JwFPUW1E0OM&tbnid=WK66q5nhNiVMwM:&ved=0CAUQjRw&url=http%3A%2F%2Fscraps.oriyaonline.com%2Fblog%2Fmamata-scheme-launched-by-naveen-patnaik-in-orissa%2F&ei=jjq4UZqDFcP4kAXT_4CIDg&psig=AFQjCNG4muSZAmZog6jUpwaqq4GpjgfReg&ust=1371114296441280
http://docs.abcam.com/pdf/chromatin/epigenetic-modifications.pdf
http://kootation.com/pregnancy-cartoon-facebook-is-a-great-way-to-share-and-baby.html

Hypoxia alters global DNA methylation
In F1 and F2 embryos

F, Embryos F, Embryos
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The problem of hypoxia will get
worse because.....

« Growth of treatment facilities cannot catch up with
growth of population and industry, especially In
developing counties

« Nutrient removal Is expensive (e.g. 50% reduction In
N & P in the Baltic caused >US$3900 M per year)

» Atmospheric fallout and non-point source are
significant

 Trans-boundary issues are difficult to resolve




Meeting of the two evils
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http://laughingdevil.com/index.cfm
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Can you name anything worse
than hypoxia?
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