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Are they getting serious? 



Conventional inventories 
 
The Great Smokey Mtns. Inventory 
 
Global Ocean Sampling Expedition 
 
Churchill, Manitoba - Barcode of Life 
 
Coastal Marine Biolabs – Bringing in students. 



Some vocabulary... 
 
ATBI = All-Taxa Biological Inventories 
 
DLIA = Discovering Life in America (Non-profit coordinator of  
Great Smokies NP inventory) 
 
BioBlitzes = Used variously.  Generally, an intense, short-term 
effort to work a constrained area for a constrained set of taxa. 
 
Rapid Assessment Inventories = Inventories in which relative  
diversity is estimated, often from the diversity of vertebrates  
and flowering plants, or from diversity of invertebrates as scored 
by counting the number of “recognizable (but undetermined) 
taxonomic units” (RTUs). 



Acadia NP 
Adirondak Biodiversity Project 
Big Thicket Association 
Boston Harbor Islands Nat. Rec. Area 
Canyon de Chelly NP 
Congaree NP 
Great Smokies NP 
Mammoth Cave NP 
Nantucket Biodiversity Initiative 
Rock Creek Park 
Tennessee State Parks 
Tomales Bay Biodiversity Partnership 
Yellowstone NP 
 



Some ATBI members have no web page,  
others have obviously stagnated... 







Great Smoky Mountains  
- Appalachian crest on the Tennessee & North Carolina border 
- International Biosphere Reserve 
- Largest stand of old-growth forest east of the Mississippi 
- High biodiversity in lower-elevation hardwood forests 



~100,000 species in GSMNP? 
 
9,552 previously documented species 
 
6,582 species previously unknown 
 
907 species new to science 
 
17,042 total discovered 
 
~17% completion? 
 
$30,000 - $100,000 per year in awards of $5,000 and less 
 
67 refereed publications as of 2007 



One Myotis, not collected, 
determined to species, in 
an area with about six 
species of Myotis? 



The park holds ~6% of the world's salamander diversity, most of which 
are in Plethodontidae. There is one genus represented in the DLIA database. 





Not incorporating data from other sources. 
 
Not exporting data to GBIF. 
 
Some work with vertebrate ectoparasites, none with endoparasites. 
 
Emphasis (appropriately) arthropods. 
 
No work with Prokaryota. 
 
Mostly, they work with the taxa that are proposed by specialists. 
 
A reasonably serious effort! 



Metagenomics = sequencing environmental samples 
 
About eight years old, uses “Shotgun” Sanger sequencing or  
“massively parallel pyrosequencing.” 
 
Human stool contains over 1,000 viral species. 
 
200 liters of sea water contains over 5,000. 
 
One liter of marine sediment contains perhaps 1,000,000. 
 
All of above essentially new species. 
 
Possible to study whole genomes of single-celled organisms  
without culturing.  



Do you recognize this  
famous biologist? 



J. Craig Venter 
 
2000 - 1st sequencing of 
human genome (three years 
ahead of NIH's proposed 
finish) 
 
2003 - 2010 – Global Ocean 
Sampling Expedition 
 
2010 – Mycoplasma 
laboratorium, 1st synthetic life 
form 
 
 



Global Ocean Sampling Expeditions 

- 200-400 liter water sample every 200 miles. 
- Filter through progressively smaller filters to capture various sized organisms. 
- Freeze filters, and apply metagenomic tools. 



Pilot study:  
1.2 million (now 6 million) new genes from 1,800 “genomic species.” 
All data in GenBank, no patents sought. 



Can we use metagenomic tools  
to inventory “real” organisms? 

Sure. Apply massively parallel  
pyrosequencing to  samples  
from things such as: 
  
Malaise traps 
 
plankton trawls 
 
stomach contents 
 
whole host organisms  
(for parasites) 
 
etc., etc. 
 
 
 
But first... 



...Develop a reference sequence for known species. 



Standardized gene region for animals is 650 base pairs of  
mitochondrial cytochrome oxidase I. 
 

Sequences for the identification engine's reference series 
must be vouchered specimens, preferably with expert taxonomic 
determinations. 
 

Addresses the shortage of taxonomic expertise. 
 

Provides reliable determinations to management agencies. 
 

Is proving to be a powerful tool for discovery. 
 



Barcoding Biotas 
the Canadian Barcode of Life 
Initiative's effort to inventory 
and barcode all taxa at 
Churchhill, Manitoba. 





87,187 named species are barcoded. 
 

1,023,244 barcode records. 
 

Fishes 25% complete. 
 

Birds 14% complete. 
 

North American freshwater fish 99% complete. 
 

Romania's Lepidoptera complete. 
 

Many groups far more diverse than indicated by formal taxonomy. 
 Necessary to assign numbers to unnamed clusters.  





Barcoding  the Kelp Forest is the most popular of three nine-day 
courses offered by CMB.  (All involve hands-on work with unanswered 
research questions.   
 
Tuition is $2,470.  50% of last year's students received scholarships. 
 
~8 upper division high-school students are dive certified. 
 
Third day is first open-water collecting dive. 
 
Collecting rock fish (~40 species) and various invertebrates. 
 
Students do extraction, PCR, and electrophoretic fragment-size  
Verification. 
 
Samples submitted to Guelph for COI sequencing trace files returned. 



Students analyze trace files and submit COI sequence to BoLD 
and to GenBank under their own name. 
 
Frozen tissue vouchers are at the Ocean Genome Legacy. 
 
Conventional vouchers at Santa Barbara Museum of Natural History. 
 
Student success rate nearly 100%. 



Conclusions: 
 
- No all-taxa inventories have been  
completed. 
 
- We are fast gaining the tools to  
complete all-taxa inventories with  
realistic amounts of effort. 
 
- How might a serious ATBI  
might work? 


