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Computers had to be invented – vaccum tube computers, then made small and 
powerful. Slide shows jobs/gates at Apple/Microsoft creating computers for 
handling/manipulating all forms of data. At same time digital sensors (small 
temperature/large satellite) are coming online that start to generate massive 
amounts of new information about the Earth systems at varying spatiotemporal 
scales.  

“Digital” First Had to Be Invented 

1940s era computer 
consisting of massive array 
of vacuum tubes 

Then wrapped in smaller, 
more ‘user-friendly’ 
packages 

Satellites/Remote 
Sensing 

Miniature 
digital 
sensors 

Digital sensors small & large were 
developed that started collecting 
lots of new information about Earth 
systems & fisheries 

1980s/1990s 

1990s 

1940s/1950s 



Digital Revolution continues. Computers Start Talking to Each Other 
are linked together via LANs and then through the internet… 

NASDAC Tech Bubble Creates Massive Digital Infrastructure 
     
     “InterNet” & WWW Emerge 

Computers Started Talking to Each Other 

Fiber optic cable 



Digital Becomes Pervasive & Portable 
 Killer Apps, Social Networking, & Smartphones 

Everywhere, all 
the time 

Widespread 
adoption  

(billions of users) 
Early drivers 

Tree cell 
phone towers 

Online shopping! 



Proliferation of Digital Media Types 
 Low- or no-cost to use 

If you can think it, you can probably create it… 



How affect information dissemination? Used to be very limited / topdown control to 
a few books, those who could read, and those who owned the printing presses. 
There was, and still is, a lot of power of owning newspapers because you control the 
flow of information 
 
 

Information Dissemination is Revolutionized 

Top-Down Control Evolves to 
Open Networks 

Access to “Free” & Ubiquitous 
Information is a Game Changer 



A digital meritocracy exists wherein 
barriers to entry are low & the playing 
field is more level 

Good Ideas & Tools Can Spread Rapidly 

What-else explains 
twenty-something 

billionaires? 



What (& Who) People Know Affects Their Actions in Pursuit of Goals 

Revolutions Happen, but There are Some Constants 

Then   =   Now 

Good information is always a powerful asset 



 
Traditional science model: collect data organize data, write study, give talks, submit 
manuscript….wait, wait , wait for acceptance, then appears  a few years later (if AFS 
journal) and few interested people read it and send to others might be interested. 
Things trickle out over the course of years through a small group of specialists.  
 
New science model: tech tran to many constituentcies along the way as a program of 
research is developed 
 
Now, bigger & better datasets many times. Digital publishing has greatly accelerated 
and website have ‘early views’  
 
That new information rather than sending  out to a few friends, is available instantly. 
Send it via…if you are creative, you can find many other ways to distrbute… can 
translate and communicate that information in different ways to different potential 
constituencies… 
 
Hybrid way that mayb 
 
 
Revolutionary way: websites, blogs, videos, .pdf’s of slideshows. Get examples of fish 
stuff that’s out there… 
 
Used to be that communities formed around well defined topics, evolved slowly and 
had well defined working groups. That’s still true, but it’s faster now, more diverse 
and can overlap many different potential groups 
 
Community building 

What Does Digital Mean for Fisheries? 

• developing new information & predictive tools 

• building communities around specific topics (large & small) 

• communicating existing knowledge 

• organizing politically and advocating for aquatics 

• managing and conserving resources 

More & better ways of… 



Example: Website for Spatial  
 Statistical Stream Network Models 

Google “SSN/STARS” 

New class of statistical models developed 
    by Erin Peterson & Jay Ver Hoef 

Spatial Stream 
Networks 
Package for R 

Websites give a continuous presence in space and time to serve out 
information. Can be continually updated as a sort of ‘living 
document’ as new information is developed.  

Open Source Statistical Stream 
Software, Example Datasets, & 
Applications 



Website Statistics Provide Valuable Feedback 
What do visitors download & use? 

How many visitors & what 
causes them to visit the site? 
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Month of Year 

Initial launch 

Weekly cycles 

Blog on ESRI 
ArcGIS website Higher traffic level after 

information presented to new 
community of users 



User Community Rapidly Developing 
>9,000 Visits to SSN/STARS Website in last year since launch 

Map showing locations where website 
was accessed in last month 



Example: Digital Temperature Sensors & Simple 
 Protocol for Establishing Annual Monitoring Sites 

Isaak & Horan 2011. NAJFM 31:134-137 

Annual Flooding 
Concerns Limit Data 
Collection 

Solution: Glue sensors to large 
boulders & permanent cement 
structures 

Website Distributes Information 

Google “Stream temperature 
Forest Service” 

$130 = 5 
years of data 

Training Video & Manual 



Rapid Protocol Adoption & Emergence of New 
Annual Stream Temperature Monitoring Network 

250 – 500 new sites established 
now each year starting in 2010 



Site Information 
•Stream name 
•Data steward contact 
 information 
•Agency 
•Site Initiation Date 

Query Individual Sites 

Online GoogleMap Tool Shows Monitoring Site Locations 
& Helps Agencies Coordinate Efforts 

Regional Sensor Network 



Access to Temperature Sites & Other Stream 
Data Anytime, Anywhere on Your Smartphone 

ArcGIS app 

GoogleMaps 

Prediction 
Precision Maps 

Temperature 
Maps 

Habitat Maps 



An Overarching Threat: What Does Global 
Climate Change Mean for Fisheries? 

Stream 
reach 

Global climate Regional 
climate 

River network 
temperatures 



FREE & massive information dissemination. It just takes having 
a big emailing list and something interesting to say. That’s how 
‘Climate-Aquatics BLOG’ started a few years ago & now has 
5,400+ global recipients… 

• Climate-Aquatics Blog developed to digest & transfer 
latest/greatest science rapidly & globally 

• Blog mailing list grows from <500 to >5,000 in 2.5 years 

Google “Climate-Aquatics Blog” 

First Threat Response: Understand It 

Map locations where 
blog website was 

accessed in last 
month 

Google groups 
Discussion site 



>45,000,000 hourly records 
>15,000 unique stream sites 

Second Threat Response: Marshal Resources 
& Rally Troops 

Regional projects underway to develop interagency stream 
temperature databases & high-resolution climate scenarios 

Jana Stewart & Colleagues 

Millions of $’s of data being organized 
by small teams linked through virtual 
networks across multiple institutions 



Accurate spatial 
temperature model 

Third Threat Response: Develop Maps & Strategy 

High resolution climate scenarios 

Information used 
to develop climate-
smart conservation 
strategies 

Website distributes temperature GIS layers 



Sorry Charlie 

Not here 

Invest 
Here 

Fourth Threat Response: Work with Broad 
Coalitions of Partners to Take Proactive Actions 



Digital & Social Media Enable Crowd-
Sourced Science With Grassroots Support 

Data Collected by 
Local Bios & Hydros Coordinated, 

Interagency 
Responses 

GCM 

Efficient 
Management Actions 

javascript:showVote(965);


X
 
stream 

C u  on … 


