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I. Introduction: Contaminants

Seabirds are exposed to a variety of contaminants:             
heavy metals (mercury, lead, arsenic), chlorinated 
hydrocarbons, petroleum byproducts and plastic. 

(Schreiber & Burger 2002)



Contaminant Exposure

This exposure occurs through a variety of pathways: 

inhalation, ingestion (primary / secondary),  absorption

(and for species that are hunted, through lead shot) 

(Schreiber & Burger 2002)



Contaminant Magnification

Biomagnification, also known as bioamplification or 
biological magnification, is the increase in concentration 
of a substance in a food chain as a consequence of:

• Persistence: not broken down in the environment

• Low (or nonexistent) rate of degradation / excretion 
of the substance: water-insolubility and fat solubility

• Food chain energetics:  upper-trophic predators 
concentrate this material through the food web 
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Trophic Level
❖ Position an organism occupies in a Food Web

❖ Influenced by the Diet and Foraging Habitat

(Mancini & Bugoni 2014) 



Trophic Level
❖ Case Study I:  Multi-species Analyses

❖ Location:  Tropical South Atlantic 

bb, brown booby (S. leucogaster)
bn, brown noddy (A. stolidus)             
bln, black noddy (A. minutus)

blackfin tuna (T. atlanticus)
dolphinfish (C. hippurus)

sf, small flyingfish (TL 65–100 mm) 
lf, large flyingfish (TL 150–230 mm)

Isotope values from blood of 
adult birds and fish muscle.

❖ Variety of taxa:  
Seabirds, Predatory Fish, Prey 

(Mancini & Bugoni 2014) 



❖ Seabird species segregate prey by size 

❖ Seabird isotopic values indicative of their prey

(Mancini & Bugoni 2014) 

Trophic Level



❖ 5 Sites and 12 Seabird species

❖ Drivers: Bill (18%), Species (12%), Island (9%), Age (1%) 

(Mancini et al. 2014) 

Trophic Level



❖ Bills of 3 pelecaniform seabirds.
• top pair, Fregata minor
• middle pair, Sula dactylara
• lower pair, Sula sula

❖ In each pair female is uppermost
(Schreiber & Hensley 1976) 

❖ Positive correlation of isotopes             
and bird size (Mancini et al. 2014) 

Trophic Level



II. Ecological Drivers of Exposure

❖ Several Ecological Factors Influence the 
Contaminant Exposure in Seabirds:

• Distribution:  polluted / pristine regions

• Habitat: oceanic / coastal

• Trophic Level: zooplankton / fish / squid 

• Foraging Mode and Guild:

scavengers, plungers, surface, divers

tuna-guild, nocturnal-petrels



Ecological Drivers of Exposure

❖ Case Study I:  Multi-species Analyses

(The higher in food web; the higher the Hg)
Species-related Hg positively correlated to feather 
d15N values, highlighting the efficiency of  Hg 
biomagnification in subantarctic marine trophic webs.

(No pattern in Hg across feeding habitats)
Due to pooling of different trophic species within 
distinct habitats (benthic, pelagic, neritic, oceanic). 

(Focusing on Oceanic Species - across habitats)
Focusing on 12 oceanic seabirds, to investigate 
distribution effects, controlling for foraging habitat.



Ecological Drivers of Exposure

❖ Case Study I:  Multi-species Analyses

❖ 21 species breeding at one location

❖ Variety of taxa:  
penguins, petrels, albatrosses,
cormorant, skua, gull

(Blévin et al. 2013)



Ecological Drivers of Exposure

❖ Case Study I:  Multi-species Analyses

The trophic             
– level of              
the species             
is the best 
predictor; 
explaining  96%          
of the pattern

(99.9% of                
model weights)

(Blévin et al. 2013)



Ecological Drivers of Exposure

❖ Case Study I:  Multi-species Analyses

Hg concentration related to feather d13C values, 
with species feeding in colder southern waters 
(lower d13C) with less contamination than species 
feeding in warmer northern waters (higher d13C). 

(Blévin et al. 2013)



Ecological Drivers of Exposure
❖ Case Study II:  Two Sympatrically Breeding Albatrosses 

(Hyrenbach et al. 2002)

(Finkelstein et al. 2006)

Laysan albatross forage in 
subarctic waters, to the north

Black-footed albatross focus 
on subtropical waters, south

Regional differences affect 
pollutant loads (PCBs, DDE)

Debris 10x more abundant in 
subtropical region than in 
subarctic; 100 – 1000 times 
less abundant in Bering Sea

(Day & Shaw 1987) (Finkelstein et al. 2006)



Ecological Drivers of Exposure

❖ Case Study II:  Two Albatross Species – Trophic Level 

Mean loads of:

(A) PCBs, (B) DDTs, (C) mercury

are ~400% higher in Black-foots 
(BFAL) than in Laysans (LAAL)

Mann-Whitney U test, Sample Sizes:                               
26 BFAL, 16 LAAL [PCBs & DDTs]           

15 BFAL, 8 LAAL [mercury]). 

(B)

(A)

(C)

(Finkelstein et al. 2006)



Ecological Drivers of Exposure

❖ Case Study II:  Two Albatross Species – Trophic Level 

Isotopic levels of (A) 15N 
and (B) 13C in whole-blood 
from Black-footed (BFAL)           
and Laysan (LAAL) Albatross

Mean 15N values were              
not significantly different 
across species

Mean 13C values were 
significantly higher in  
BFALs than in LAALs

(B)

(A)

(Finkelstein et al. 2006)



III. Pollution Impacts

❖ Hazard Identification:

1. Hierarchical Approach to Relate Exposure to Impacts

Are they exposed ?  

Are pollutants available? 

What is the dose ?

What are the effects ? 

(Schreiber & Burger 2002)



Pollution Impacts

❖ Hazard Identification:

2. Identifying critical life             
history stages / processes 
when impacts  may occur:

- Survivorship

- Reproduction 

(Schreiber & Burger 2002)



Types of Pollution Impacts - Metals

Mercury                        Lead                     Selenium  

Impacts on 
the nervous 
system and 

overall chick 
development

Impacts on 
nervous system: 

behaviour, 
neurology, 

endocrinology, 
development

Impacts on 
organs (kidney             
& liver lessions)  
and congenital 
malformations 



Types of Pollution Impacts - Hydrocarbons

Oil Spills:  Large Magnitude, High 
Visibility Environmental Impacts

(Schreiber & Burger 2002)



Types of Pollution Impacts - Hydrocarbons



Types of Pollution Impacts – Plastics

Scientists say that around the world, up to one 
million seabirds and 100,000 marine mammals and 
sea turtles die yearly from eating plastic. (The Web)

During a 2-year study, ~ 40% of the Laysan 
albatross chicks born in Midway died before 

fledging, mostly from dehydration or starvation. 
(Sileo et al. 1990)





IV. Biological Indicators

Biological indicators are species used to monitor 
the health of an environment or ecosystem. 

Their function, population, or status can be used  
to assess  the integrity of the environment.

Examples

Mussel Watch                                    Oiled Murres



What makes a Good Biological Indicator ?  

• Easy to measure:  Numerous and abundant

• High trophic level: Integrate pollution

• Distribution known: Understand at-sea Distribution



Bio-indicators of Plastic Pollution

➢ Incidence and Loads – Northern Fulmar:

Amount (mass) and type of ingested plastic

North Sea:  95% of birds washed ashore

Alaska: 77% of birds taken in fisheries
California: 86% of birds washed ashore

(Van Franeker & Meijboom, 2007)

(Nevins et al. 2005; BIOPs Network)



Black-Footed Albatross in Kure Atoll

Kure                        

Atoll



Field Personnel:              

State HI DOFAW                  
collected fresh boluses                 
and dried in the field 

Sample Size (2008):

20 chick boluses 

5 chick stomachs

(Hyrenbach et al. 2017)

Field Methods



Bolus Mass and Plastic Mass
100% samples (20 boluses and 5 stomachs) contained plastic

Plastic was dominant 
indigestible material  
(by mass):

On average (± SD):
Boluses contained 
28.2 ± 14.3 g of plastic

Stomachs  contained 
40.3 ± 29.0 g of plastic

Boluses:    48.8 – 89.7% (mean 67.4 ± 12.1%, median 67.5%) 

Stomachs: 18.2 – 94.1% (mean 70.0 ± 30.3%, median 75.6%)



Bolus Mass and Plastic Mass

Proportion of Plastic                   

48.8 – 89.7% By Mass

Mostly line and foam 



Bolus Mass and Plastic Mass
Fragment Size Classes 

Plastic fragments ranged 
widely in size (1 – 73 mm)

Most mesoplastics (5 – 25 mm): 
92% boluses, 91% stomachs

Followed by macro (>25 mm):          
7% boluses, 6% stomachs, 

And micro (1 – 5 mm): 
1% boluses, 4% stomachs). 

The two fragment size 
distributions significantly 
different:  more small-sized 
items in stomachs and more 
large-sized items in boluses.



Photo: Mike Danzenbaker



Tracks of 14 complete foraging trips by 7 BFAL tagged at Kure 
Atoll (star) during chick-rearing period (May – June) of 2008.  
Tracks are superimposed on extent of management jurisdictions 
and ETOPO 1-minute bathymetry (highlighting seamount locations).

Argos Tags: Kure Atoll 2008



Mean (+/- SD)  
proportional              
time BFAL               
spent within 
distinct 
bathymetric 
domains, from 
ETOPO 1-min             
relief data 
within 2.3 km 
radius from 
interpolated 
locations 
(Witt et al. 2010)

Shallow                   Intermediate             Deep
(<200m)                 (200-2000m)           (>2000m)

5.3 + 3.5                    29.1 + 8.2              65.5 + 9.7 

Argos Tags: Kure Atoll 2008



V. Studying Contaminants

Three complementary perspectives:

❖ Impacts on Seabirds (individuals / populations)

• Exposure magnitude:  lethal / sub-lethal 

• Exposure duration: 
- chronic (life-long): life span 
- acute (short-term): timing

❖ Seabirds as Pollutant Indicators

• Far-ranging 

• Diverse diets

❖ Subsistence Food (for people)

• Pollutant transfer to people



Albatross as Plastic Bio-Indicators

• Plastic Ingestion by Kure Albatross 

- High levels of plastic in Western North Pacific

- Tracking reveals use of oceanic waters (seamounts)

• Albatross as biosensors of pelagic plastic 

- Despite 100% incidence, boluses provide data                                           

on amount (volume / mass) of plastic types

- Standardized methods / metrics allow time series
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