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PROPOSED DELIVERABLES AND TIME LINE 
 

Deliverable Due Date 
Task 1. Sample collection, nest monitoring, and 

analyses 
April 2009 – December 2009  

Task 2.   Preparation of draft report May 2010 
Report Finalized July 2010 

 
 

BACKGROUND AND JUSTIFICATION 
Over the past 3 years, USGS has conducted several studies in conjunction with RMP EEPS and 
CALFED to determine the risk of mercury to avian reproduction in San Francisco Bay 
(Ackerman et al. 2007a,b, 2008a,b,c, Eagles-Smith et al. 2008).  We have found that several 
waterbird species are at high risk of reduced reproductive success due to current mercury levels.  
However, actually detecting effects of mercury on avian reproduction in the wild is difficult due 
to other factors such as predation that likely have larger effects on egg and chick survival than 
contaminant exposure.  Nonetheless, our research has illustrated that mercury may be impairing 
reproduction at both the egg and chick life stages.  For example, we found that Black-neck Stilt 
chicks found dead near nesting sites had higher mercury concentrations in their down feathers 
than similarly-aged chicks that were still alive (Ackerman et al. 2008a).  Furthermore, Forster’s 
Tern eggs that failed-to-hatch in otherwise 
successful nests had higher mercury concentrations 
than randomly sampled eggs (Figure 1).  Both of 
these results indicate that mercury may be having a 
detrimental effect on avian reproduction in San 
Francisco Bay, and Forster’s Terns were recently 
added to the Regional Monitoring Program’s long-
term plan for avian contaminant monitoring, along 
with Double-crested Cormorants (J. Davis, pers 
comm).  Starting in 2010, Forster’s Tern eggs will 
be monitored for contaminant exposure every three 
years as part of this long-term monitoring plan.  In 
order for these egg monitoring results to be related 
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Fig. 1.  Failed-to-hatch eggs have higher mercury 
concentrations than randomly sampled Forster’s Tern 
eggs in San Francisco Bay.  Ackerman and Eagles-
Smith, unpublished. 
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to potential toxicity risk, egg toxicity levels should be established. 
 
Despite considerable laboratory work to develop toxicity thresholds for bird eggs (Fimreite 1971, 
Heinz and Hoffman 2003, Albers et al. 2007, Heinz et al. 2008), there still are no defined 
thresholds for mercury effects on egg hatchability of wild birds breeding in San Francisco Bay.  
Heinz et al. (2008) assessed the relative sensitivities of 26 species of birds to methylmercury 
injected into the egg and then artificially incubated the eggs.  Although they did not test embryo 
sensitivity to mercury specifically for Forster’s Terns, they did find that three closely related tern 
species (Common Tern, Royal Tern, and Caspian Tern) were at moderate sensitivity to mercury 
exposure.  The mercury toxicity level (LC50) for Common Terns was 0.87 µg g-1 ww (about 4.35 
µg g-1 dw) and 0.40 µg g-1 ww (about 2.00 µg g-1 dw) for Royal Terns (there was not enough 
data for an accurate LC50 estimate for Caspian Terns).  These concentrations are far below the 
geometric mean mercury concentrations observed in Forster’s Terns eggs in San Francisco Bay 
(6.47 µg g-1 dw; Ackerman et al. 2007a).  Toxicity thresholds developed using egg-injection 
techniques are considered inappropriate for application to wild birds because the injected 
mercury is thought to be much more toxic than maternally derived mercury (Heinz et al. 2008).  
Nonetheless, current mercury concentrations in Forster’s Tern eggs in the Bay are considered 
high. 
 
APPLICABLE RMP OBJECTIVES AND MANAGEMENT QUESTIONS 
 

1.  Describe the distribution and trends of pollutant concentrations in the Estuary 
To achieve the necessary samples sizes for threshold development, and account for 
the potential confounding influence of colony locations over time, this study will 
sample mercury in Forster’s tern eggs at several colonies throughout the San 
Francisco Bay region. Thus, we will generate data describing spatial trends in tern 
egg mercury concentrations in the Bay.  

 
4.  Measure pollution exposure and effects on selected parts of the Estuary ecosystem 
(including humans). 

• 4.2. Mercury is known to impair reproduction in birds at or near levels found in the 
Estuary. However, sensitivity to the effects of mercury can vary among species, and 
no thresholds have yet been determined for waterbirds breeding in the Bay.  

 
5.  Compare monitoring information to relevant benchmarks, such as TMDL targets, 
tissue screening levels, water quality objectives, and sediment quality objectives. 

Forster’s terns were recently incorporated into the RMP Status and Trends monitoring 
as an indicator of wildlife exposure along the Bay’s margins. This study will provide 
strong support to the RMP goals of interpreting the ecological importance of 
contaminant levels.  
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Objectives and Approach 
 
Determine toxic thresholds of mercury in Forster’s tern eggs in relation to hatchability in an 
individual egg using microsampling techniques 
 
Although we have considerable evidence that failed-to-hatch eggs have higher mercury 
concentrations than randomly sampled eggs (Figure 1), we are still unable to establish egg 
toxicity thresholds with these data because we cannot determine concentrations in eggs that 
actually hatch. Instead, the traditional method to evaluate hatchability thresholds is through the 
use of the surrogate eggs as an index of mercury levels in the remaining eggs in the nest. 
Specifically, one egg is randomly collected from a clutch and analyzed for mercury 
concentrations, and the remaining eggs in the clutch are monitored to determine hatchability.  
Unfortunately, for contaminants such as mercury this method is hampered by high variation (up 
to 50%; Authors, unpublished data) in egg mercury levels within a single clutch. Therefore, we 
have initiated a more detailed study to establish egg toxicity levels in individual Forster’s Tern 
eggs with EEPS support.  Using an egg-micro-sampling technique, we are removing a small 
sample of albumen from live eggs and returning the egg to be naturally incubated by its parents. 
We have already shown that mercury concentrations in albumen are highly correlated with those 
in the egg (r2 = 0.96), making albumen an excellent predictor of egg mercury levels. After 
albumen sampling we will relate individual egg mercury concentrations to egg hatchability in 
order to establish mercury concentrations at which egg hatchability is substantially reduced. Our 
preliminary results have shown that the micro-sampling procedure does not influence egg 
hatchability relative to control eggs from the same nest (Stebbins et al. in review), thus this 
method has a high probability of success.  
 
Unfortunately, egg hatchability is highly variable, and the effects of year, colony site, and 
parental quality can confound interpretation of toxicity thresholds developed with limited sample 
sizes.  Specifically, factors such as food availability, parent quality, and predator impacts vary 
among locations and years, and can strongly influence egg hatchability. To account for this 
variation in determining the effects of mercury on egg hatchability a sufficient sample size is 
required. Additionally, our previous work indicates that during the course of incubation, many 
nests are depredated, flooded, or otherwise destroyed, and the number of sampled nests therefore 
must well exceed the targeted sample size. We therefore propose to expand our current egg 
micro-sampling study by adding another 50 micro-sampled eggs in 2009. To achieve a sample 
size of 50 usable nests, we will need to micro-sample far more than 50 eggs.  Details of our 
method have been previously provided, but briefly we use a Dremel tool with a diamond-tipped 
grinding bit to drill two tiny holes in the egg, one at the air cell for venting, and one at the base 
for albumen withdrawal. Using a 20-gauge needle attached to a syringe, we slowly extract 0.20 – 
0.30 ml of albumen (< 1% of the egg volume) and immediately seal both holes with hot-glue, 
followed by cyanoacrylate. We then return the egg to the nest and follow the fate of all eggs in 
the nest to hatching. 
 
Because this is a newly developed method, it is important to validate the results of our micro-
sampling study relative to nests that are not microsampled. Therefore, we also propose to expand 
our failed-to-hatch egg study by adding another 50 randomly sampled, abandoned, and failed-to-
hatch eggs in 2009, including following the fate of sampled nests. Adding an additional year to 
these studies will substantially increase our statistical power, and help account for the variation 
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in mercury levels and nest success associated with external temporal and spatial factors. 
 
Samples will be processed for mercury analysis within 2 months of the field season’s end (by 
November 2009), and we anticipate that results will be returned and validated through complete 
QA/QC by January 2010. We will use logistic regression models to test the effects of mercury on 
hatching success. Our results will be pooled with samples collected for the 2007-2008 EEPS 
funded work, and compared to previous data generated on Forster’s terns in the Bay (Ackerman 
et al. 2007a) to refine wildlife risk estimates. A draft report will be provided to SFEI and the 
RMP/EEPS by approximately May 2010, with a final version submitted by July 2009.  
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BUDGET-includes overhead, and administrative, utilities, and facilities costs 
 

 Salaries with Benefits
     Bio tech (USGS GS-5, 4.5-months) $20,765
     Bio tech (USGS GS-5, 4.5-months) $20,765
     Biologist (0.75-months) $7,882
     PI (0.25 months) $3,240
Travel
     Truck for 4.5 months $4,748
Analytical (THg: $121)
     50 Eggs & 50 Albumen $12,059
Supplies $4,522

Total Direct Costs $73,982
Indirect Costs
Total Costs $73,982
In kind contribution $20,000

Total Requested funds $53,982  


