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Bristol Bay, Alaska 



Known For Salmon 
Over 50% of worlds sockeye salmon 
But there is so much more… 

http://www.adfg.alaska.gov 



Managed Primarily by 
Estimating Salmon Escapement 

Wood River 
Counting Tower 



Healthy due to diverse habitat 
portfolio 

Ray Hilborn et al. 2002 

Sockeye Catch History 



•  Residents have an intimate knowledge of local resources 
•  more scientific training is needed to fully participate in 

funding processes. 

• Local knowledge plays a role in data collection 



Traditional Activities 

Commercial collecting of roe on kelp  
Togiak, AK. 

Summer fish camp, 
Aleknagik, Alaska 



Data Collection Courses 



Western Alaska Interdisciplinary 
Science Conference  

Dillingham 2008, 2012, 2016 
Nome 2009. 2013  
Unalaska 2010, 2017 
Bethel 2011. 2015 
Kotzebue 2014 
http://seagrant.uaf.edu/conferences/waisc/ 



•  local and citizen science - data collection 
to inventory, monitor and manage 

WAISC: Building Capacity  
Keeping it Local 





Managment Data Gaps 

ü Lakes – FRI, Univ Wash  

ü Streams – ADFG 

ü Marine– NOAA NMFS 

? – Coasts and Estuaries 
 

What are we  
missing 



Estuaries 
•  Semi-enclosed bodies of coastal water 

Mouth of rivers where fresh meet saltwater 
•  Influenced by tides and coastal currents 
•  Generally large human pop lives there 
•  Knowledge of their dynamics and roles is 

limited, especially in Alaska 



Convectional Estuarine Wisdom 
The foundation of high production of estuary ecosystems are dependent on” 
•  Primary producers – (highest) 
•  Trophic cascade 

Primary Productivity 

Photosynthesis 

Consumers – Primary to Tertiary 

Respiration 

Sun 

Detritus – Decomposers/deposit feeders 

Respiration/fermentation 

Nutrients 



Fresh Meets Salt 
•  Estuaries are among the most 

important coastal features 
•  Ecological functions provide services  

– Human settlement and use 
•  Transportation  
•  Safe harbors and ports 
•  Commercial and subsistence harvest 



Circulation Patterns of Estuaries

Salt Wedge

Partially Mixed

Mixed

Different Types of Estuaries 



•  Drowned Shoreline - Coastal Plain 

•  Bar Built  - Barrier Island 

•  Tectonic 

•   Fjord  

Classical Types of Estuaries 



Physical Features of Estuaries

•  Substrate - Movement by Current
•  Temperature
•  Waves and Currents
•  Turbidity
•  Oxygen



Estuarine Dynamics 
Headwaters 

Upland streams 
Salinity = 0‰ 

Low streams 
Salinity = 1‰ 

Estuaries 
Salinity = 1-30‰ 

Freshwater 
Species 

Ocean 

Anadromous/ 
catadromous species 

Tidal Processes 

Marine 
species 

Brackish 
species 

River 
Processes 

& 
Fluvial 

Sediment 

Wave Processes 
 

Ocean Processes Open ocean 
Salinity = 35‰ 



Classical Estuarine Food web

Detritus

Detritus feeders

Birds

Salt marsh 
grasses

Phytoplankton

Zooplankton

Fish

Algae

Grazers

Invertebrate 
Predators

Death

Microbial Decomposers Scavengers

Filter 
Feeders

SUN 
Nutrient imports

Nutrient exports



Life Cycles of Biota Span Rivers 
and Oceans 

Catadromous: Sea to fresh 
 Anadromous: Fresh to sea 



Convectional Estuary Productivity 



Ecological Roles of Estuaries 
•  Important habitat 

– wetlands, seagrass beds, mudflats, 
sandbars, shoreline grasslands 

•  Breeding and nursery grounds 
–  Important for spawning and growth 

•  Mixing zone 
– major ecotone and conduit between 

land ad sea  
•  Dynamic 

–  location of active process in 
sedimentology and geomorphology 



Estuaries as Havens  
Ø   Abundant food sources 
Ø   Safety from predators – Turbidity 
Ø   Physiological transition for smolts 



Estuaries as Highways 
•  Species must pass through en route to the 

river and sea 



What Do We Really Know about 
Bristol Bay Estuaries? 



Alaska – Ecosystem 
Management for Estuaries 

What are the drivers of the food web? 
 
How does fish processing influence 
species composition, abundance and 
distribution? 
 
Are there seasonal species migrations? 
 
How do the salmon smelt influence the 
food web? 
 
Winter ecology?  

I 
DON’T 
KNOW! 



Estuary Research 
A look at the Nushagak Estuary 



Nushagak Estuary, 
Alaska 



Large Tides 
Range between -1 to 7 m (-2 to 23 ft)  
Same boat images taken a few apart.  
Dramatic tidal range. 



Straty 1969: The Migratory Pattern of Adult Sockeye Salmon in Bristol Bay as 
Related to the Distribution of Their Home-River Waters (UAF Dissertation). 



SWIM 2010 NUSHAGAK BAY 
WINGERT & RADENBAUGH    

32 

 
Surface Area:   ~ 50 km2 

Average Depth:  15 - 20 m 
Average Tidal Flow: 3-5 knots 
Tidal Range:             5.5 m 
 
 
 
Large Cumulative Freshwater Input 
 
     Nushagak River         
 

      Wood River 
 

      Snake River 
 

      Igushik River 

WOOD TIKCHIK LAKES 

Nushagak Estuary River Inflows 



 
 Sampled Nushagak Bay Over  
The Summers Of 2007-2013  

 

32 Foot Vessel & 
3 Meter Otter Trawl 



Methods  

•  3 meter Otter Trawl for fish and macroinvertebrates 
•  Ponar Grab for sediment samples 

Itemizing the samples 

Bottom grab taking 
sediment samples Deploying the Otter trawl 



Dominate Invertebrates 
Crangon shrimps,  
and  Saduria  
isopods, were 
abundant.  
 
Other species 
included  
amphipods 
Ampelisca sp and 
Gammarus sp, jelly 
fish, Macoma 
clams, and Blanus 
barnacles. 
 



Scyphozoa	   Jellyfish	  
Modiolus modiolus	   Horse	  Mussel	  
Macoma balthica	   Macoma	  Clam	  
Balanus glandula	   Common	  Barnacle	  

Mesidotea entomon	   Isopod	  
Crangon	  sp.	   Bay	  Shrimp	  

Gammarus	  sp.	   Amphipod	  (sm)	  
Gammaridae	   Amphipod	  (rg)	  

	  

Osmerus mordax	   Rainbow	  Smelt	  
Platichthys stellatus	   Starry	  Flounder	  

Cottidae	   Sculpin	  
Pungitius pungitius	   9-‐spine	  Stickleback	  
Gasterosteus	  aculeatus	   3-‐spine	  Stickleback	  

Acantholumpenus	  mackayi	   Blackstripe	  Prickleback	  
Liparidae	   Snailfish	  

Lampetra	  tridentata	   Pacific	  Lamprey	  
Onchorhynchus	  sp.	   Salmonid	  fingerlings	  

	  

Scientific Name Common Name 
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Common Species 



Species Diversity 

 INDEX UPPER LOWER 
Richness (n) 15 12 
Diversity (H') 1.656 1.011 
Evenness (J) 0.424 0.282 

 
•  These values rank below  similar subarctic estuaries 
such as Lower Herring Bay in Price William Sound 
(60°30’N, 147°13’W) (Dean and Jewett 2001) H’=2.5.   
•  This difference is most likely due to low salinity and 
high turbidly 

Nushagak Estuary  

Shannon Diversity (H’)  



Upper Estuary 
 

Mostly course or fine sand 
Estuarine species present 
High Biomass (shrimp/
amphipods) 

Riverine 
 

Gravel / Cobble Sediment 
All freshwater organisms 
Lowest Diversity 

Lower Estuary 
 

Mostly fine sediment (mud) 
Marine species present 
Highest Diversity 
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Lower Estuary (n=8) 



Caloric Content? 

Catching 
Drying 
Grinding 
Bombing 



Possible Energy Flow in Nushagak Bay 

 Mysids , 
Zooplankton 

? cal 

 Rough 
Amphipods 

4,700 – 5,500 cal 

Adult Salmon 
5,500 cal 

Phytoplankton 
? cal Isopods 

4,000 cal 

Salmon 
Waste 

5,500 cal 

 Smooth 
Amphipods 

3,800 cal 

Juv. 
Salmon 

5,500 cal 

Birds  Seals 
Beluga 

Humans 

Bay  Shrimp 
4150 cal 

Smelt 
4800 
cal 

Starry  
Flounder 
4,800 cal 

Slimy 
Sculpin 
4700 cal 

Ocean 
growth 



Online Database 



Modern Biota – Ice Age Relics 



Ice Age Relics 

Beluga Whale  
Delphinapterus leucas 

https://www.registrelep-sararegistry.gc.ca/default.asp?
lang=En&n=361B61FA-1&offset=2 

http://www.adfg.alaska.gov/index.cfm?adfg=rainbowsmel 



Ice Age Relics 

Rainbow Smelt 
Osmerus mordax 

http://www.fishbase.de/summary/Osmerus-mordax.html 

http://www.adfg.alaska.gov/index.cfm?adfg=rainbowsmel 



Arctic Isopod 
Saduria entomon 

Ice Age Relics 



Isopod Temperature Tolerances 
Example: 183 hours (8.5 days) 

0 

50 

100 

150 

200 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Ti
m

e 
(M

in
s)

 

Isopod # 

 

30oC 
 

20oC 
 

15oC 

Dead 
Terminal 
Alive 



Primary vs. Secondary 
Production? 

•  High turbidly 
•  Strong currents 
•  Few  phytoplankton 
•  Abundant Mysids 



Fish Processing Waste 

What are the influences of processing waste? 



Detritus-based food web in estuary 
marshes 

Isopods 
Mysids 

Amphipods 

Chironomids 
Leptocottus 

Amphipods 

Copepod Juvenile Salmon 

Adapted from Dorcey et al. 1978. Westwater Res. Rept.  UBC. 



Ecosystem Management 
Attributes 

Few essile benthic species – most mobile 
 

Cold water adapted species. Fauna dominated by 
ice age relics 

 
Low species diversity estuary wide (compared to 

lower latitude estuaries). Species diversity 
increases towards Bristol Bay 

 
Low primary productivity - Salmon based detritus 

may drive system 
 

Most trawls dominated by Crangon shrimp and 
Gammarus amphipods 

 



Alaska Forum on the 
Environment 

Alaska Estuary Session 
Feb 5, 2015  Anchorage, AK  



AAAS Arctic Division Meeting 
Theme:  

Healthy Estuaries:  
Sustainability and  
Resilience 
in Anchorage , October 1-3, 2015 



More to Learn 
•  Few strictly estuarine species 

– Which species migrate in out 
– Which population are permanent 

residents but interact with others in 
adjacent habitats. 

•  More studies will reveal even more! 
– Unknown roles 
–   Human influences 
–   Influences of continued and 

accelerated climate change 
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Coastal Erosion? 


