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Coastal California:  

intensive interfaces between marine/estuarine 

environments  &  large urban centers 



~40 years of regional environmental 

monitoring and research:  

California’s urban marine & estuarine 

environments  are contaminated by a 

wide variety of anthropogenic chemicals 

Which of these               
environmental contaminants 
have deleterious effects in 

wildlife? 



Animal Phenotypic Response 

Measurements  
 

as methodology in understanding 

environmental (water quality) effects  

Endocrine Responses 
[environmental endocrinology] 

Tissue Expression Responses 
[proteomics, genomics] 
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Thyroid Endocrine System 

 

• broad physiological actions 

• essential for brain/neural development 

• permissive to somatic growth 

• important regulators of metabolism 

3,5,3’,5’-tetraiodothyronine (thyroxine) 3,5,3’-triiodothyronine  

T4 T3 
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Figure 6.  Study sites at inshore locations within San Francisco Bay.  Redwood City (RED) was considered less contaminated than other sites.  San 

Leandro Bay (SLB) is an historically PCB contaminated site; Oakland waterfront (OAK) is highly industrialized and includes a large shipping port 

and marina.  Richmond waterfront (RICH) is also a large industrialized marina; Richmond Lauritzen Channel (RLC) is DDT legacy site.  San Pablo 

Bay (SPB) is a small, residential marina, considered less developed than the other sites. San Francisco Waterfront (SFW) is a highly urbanized, 

large marina, and Hunter’s Point (HP) is a PCB contaminated site.
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FAR-FIELD LOCATIONS: 

BDB Bodega Bay  

TOM  Tomales Bay 

CAT Santa Catalina Isl. 
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Potential Mechanisms  

Underlying Effect? 

 

OAK vs. RED 



Redwood City Oakland Harbor 
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Shiner perch thyroid tissue.  The two upper tissues are stained with hematoxylin and eosin (A, 

B) and the two bottom tissues are stained using the Mallory trichrome Stain.  Shiner perch 

sampled from OAK (B, D) exhibit disorganized morphology and severely reduced colloid 

volumes in comparison to shiner perch sampled from RED (A, C).   
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reduced T4     

related to PCB 

exposures 

 
 

putative mechanism:  

impaired thyroid     

synthesis of T.H. 

Thyroid Endocrine Disruption & 
Contaminant Exposures 

Brar et al. (2010) Aquatic Toxicology  
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putative mechanism: 
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Thyroid Disruption & Fish Growth? 

0 2 4 6 8 10

0

10

20

30

40

50

60

70

0 10 20 30 40

0

10

20

30

40

50

60

70

IG
F-

I c
on

ce
nt

ra
tio

n 
(n

g/
m

l)

Pacific staghorn sculpin 2007

IG
F-

I c
on

ce
nt

ra
tio

n 
(n

g/
m

l)

T4 concentration (ng/ml)

T3 concentration (ng/ml)

R=0.624, p=0.0004, n=27

R=0.661, p=0.0001, n=27

BRAIN 
 

Hypothalamus 

GHRH 

PITUITARY 
anterior    

GH 

Liver,  
other 

tissues 

circulation 

IGF-I 

growth 

circulation 

TH 

Insulin-like 

growth factor 



0.0

0.1

0.2

0.3

0.4

(12) (8) (10) (5)

T3
/T

4 
Ra

tio

2008 2010

Redwood 
City

Oakland 
Inner 
Harbor

Pacific 
Staghorn
Sculpin

c

a

b

b

C

T3/T4 Ratio in Fish from  
Redwood City (ref)  and Oakland (impacted) 

Differences in T3/T4 ratio suggest 
effect on 5’-deiodinase activity 

Year-1 Year-2 



iodothyronine  5’-monodeiodinase 

3,5,3’,5’-tetraiodothyronine (thyroxine) 

3,5,3’-triiodothyronine  

T4 

T3 

Hepatic 5’-Deiodinase Activity 
(after Leatherland et al., 1990s) 

Correlations (n=28) T4 T3 T3/T4 

T3 -0.15, p=0.46 -- -- 

T3/T4 -0.67, p=0.0001 0.56, p=0.003 -- 

Deiodinase -0.69, p=0.041 0.55, p=0.013 0.94, p=0.0001 
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