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Challenges for Stream Biota in Intermittent Streams 
• Seasonal contraction and expansion  

• Changes in water quantity and quality 

• Minimizes movement of stream organisms 

• Intensified community dynamics 
 

Image Credit: http://www.arocha.org/int-en/work/species/954-DSY.html 
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Benefits for Stream Biota in Intermittent Streams 



Photo Credit: Water Resources Center Archive 

Strong Interannual Variation 
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Study System 

• Oncorhynchus mykiss 
• Native to N. America and 

Asia 

• Anadromous 

• Iteroparous 

• Juveniles feed on insects 

• In Californian streams, 
15-18°C optimal 
temperature1 

 
1Moyle, P. B., J. A. Israel, and S. E. Purdy. 2008. 
Salmon, Steelhead, and Trout in California: Status of an 
Emblematic Fauna. UC Davis, Davis. 

Corbis Images 
Image Credit: 
http://www.inforain.org/maparchive/maps_big/68642_distribution_steelh
ead_300dpi.jpg 



John West Fork 

• Golden Gate National Recreation 
Area (Marin County, CA) 

• 1.93 km2 

• Cattle grazing 

• Coastal stream 

• Unregulated 

• Steelhead trout and coho salmon  

 

Map Credit: Kristina Cervantes-Yoshida    



Photo Credit: Water Resources Center Archive 

Mediterranean Climate 
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• 2009: focused on 12 pools 

 

Study Reach 



• 2009: focused on 12 pools 

• 2010 - 2012: focused on 30 pools 

 

Study Reach 



Objectives 

1. What are the patterns of stream fragmentation within 
and among years? 

2. Does the contraction in pool habitat differ among 
years?  

3. What are the consequences of habitat contraction on 
juvenile steelhead survival? 

 



Objectives 

1. What are the patterns of stream fragmentation within 
and among years? 

2. Does the contraction in pool habitat differ among 
years?  

3. What are the consequences of habitat contraction on 
juvenile steelhead survival? 

 



Wet-dry Mapping 

         6/2/2010              7/8/2010 



Photo Credit: Water Resources Center Archive 
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• Mapped streambed and 
water surface using total 
station  
– Estimated volume in ARCMap 

 

• Meter sticks to estimate stage 
– Tracked changes in volume 

 

 

Estimating Pool Volume 

Hwan and Carlson. 2015 River Research and Applications.
  



Rate of Pool Drying 
Statistical Analysis 

• Pool Volume vs Time 

• Mixed effects log-linear model 

• Compared pairwise intercepts (initial water volume) 
and slopes (rate of drying) 

• Individual pools were random effects 

• Time and year were fixed effects 

• Bayesian Approach 

• Package R2jags in R 
Hwan and Carlson. 2015 River Research and Applications.

  



Photo Credit: Water Resources Center Archive 

Pool Drying 

Initial volume 
• No difference 

between any two 
years 

Rate of drying 
• Two wettest years 

(2010 and 2011) 
dried at a slower rate 
than driest year 
(2009) 

• No other differences 
observed 
 
 

 

 
Hwan and Carlson. 2015 River Research and Applications.
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3. What are the consequences of habitat contraction on 
juvenile steelhead survival? 

 



Mark-Recapture 

• Electrofish 
– 3-pass depletion 

• Sampled each pool 

• Implanted fish >60mm with PIT 
tags 
– Unique ID 

 

 
 



Survival 

• Tracked fish once per week 

• Portable PIT tag antenna 
– Allowed weekly re-sight information 

• Program MARK 
– Cormack-Jolly-Seber Model 

– Logit Link Function 

– Estimates of re-sight probability 
and apparent survival 

 



Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

 

 

 



Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

 

 



Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

 

 

 



Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

 

 

 



Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

 

 

 



Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

 

 

 



Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

Among Year 
• Year 

• Precipitation Regime 
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Survival Models 

Within Year 
• Constant survival 

• Fully time-dependent 

• Resistance 

Among Year 
• Year 

• Precipitation Regime 
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Best Model 

Model Name AICc ΔAICc K Deviance 
Precipitation regime * resistance (dry years)-time-dependent (wet years) 3831.72 0 52 3725.9 
Precipitation regime * time-dependent 3837.95 6.23 60 3715.93 
Year * time-dependent 3844.94 13.22 73 3695.34 
Week 3946.29 114.57 50 3844.61 
Precipitation regime * Constant 4010.17 178.45 41 3927.03 
Year * Constant 4013.52 181.8 43 3926.28 
Constant 4036.42 204.7 41 3953.29 

• Evidence of precipitation regime effect 

• Full time-dependence wet years 

• Resistance pattern in dry years 



Best Model 

Wet Years 
•Full time-dependence 

 
 



Best Model 

Wet Years 
•Full time-dependence 

 
Dry Years 

•Resistance 
 



Cumulative Survival 

Wet Years 
Cumulative Survival: 0.44 

 
Dry Years 

Cumulative Survival: 0.19 
 



My study 



Figure Credit: http://forr.us/wp-content/uploads/2012/02/CC22.jpg 

Implications 



Conclusions 

 
1. Fragmentation occurred earlier during dry years 
2. Entire sections of the creek varied in their propensity to dry 
3. Pool drying closely linked to antecedent rainfall  
4. Steelhead resistant to drought to an extent 
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