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USING DNA BARCODING AND 
ENVIRONMENTAL DNA TO STUDY 

URBAN MARINE ECOSYSTEMS



NHM’s DISCO Project 
Greatly accelerate our ability  
to discover and document  

marine biodiversity  
using modern genetic tools
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What’s in the water? 
Regina Wetzer  &  Dean Pentcheff



Why do we care what’s in the ocean?

What are we doing about it?



Food Security

World population 
is increasing

Source: Our World in Data. ourworldindata.org



Food Security
Increasing population  +  increasing wealth

The world is 
getting richer

has the potential to change some of the 

projected trends and cause world demand 

to be higher, depending mainly on energy 

prices and government policies. The 

demand for other food products that are 

more responsive to higher incomes in the 

developing countries (such as livestock and 

dairy products, vegetable oils) will grow 

much faster than that for cereals. 

The projections show that feeding a 

world population of 9.1 billion people in 

2050 would require raising overall food 

production by some 70 percent between 

2005/07 and 2050. Production in the 

developing countries would need to almost 

double. This implies significant increases in 

the production of several key commodities. 

Annual cereal production, for instance, 

would have to grow by almost one billion 

tonnes, meat production by over 200 million 

tonnes to a total of 470 million tonnes in 

2050, 72 percent of which in the developing 

countries, up from the 58 percent today. 

Feeding the world population adequately 

would also mean producing the kinds 

of foods that are lacking to ensure 

nutrition security.

INTERNATIONAL TRADE

Trade in agricultural commodities is also 

expected to expand considerably. For 

example, net cereal imports into the 

developing countries would increase 

almost three-fold to reach nearly 300 million 

tonnes by 2050 and, by then, would 

account for some 14 percent of their 

cereal consumption, up from 9.2 percent 

in 2006/08. Cereals self-sufficiency would 

continue to be low in the region most 

dependent on food imports (i.e. in the 

Near East/North Africa) falling further from 

59 percent in 2006/08 to 54 percent in 

2050. At the other extreme, Latin America 

and Caribbean, now a net cereals deficit 

area, may become fully self-sufficient 

reflecting the surplus production potential 

of major countries in the region. The 

other regions may see some decline in 

self-sufficiency, but they will remain in the 

80 to 95 percent range compared with 83 

to 100 percent at present. Concerning other 

major commodities, developing countries’ 

net exports of oilseeds and vegetable oils 

would more than triple by 2050 to some 

25 million tonnes (in oil equivalent) and net 

exports of sugar double to some 20 million 

tonnes by 2050. Again, the advent of 

biofuels has the potential of altering these 

prospects as all three commodity groups are 

used for feedstocks in biofuel production.

NATURAL RESOURCES

Ninety percent of the growth in crop 

production globally (80 percent in developing 

countries) is expected to come from higher 

yields and increased cropping intensity, 

with the remainder coming from land 

expansion. Arable land would expand by 

some 70 million ha (or less then 5 percent), 

with the expansion in developing countries 

by about 120 million ha (or 12 percent) being 

offset by a decline of some 50 million ha 

(or 8 percent) in the developed countries. 

Almost all of the land expansion in 

developing countries would take place in 

sub-Saharan Africa and Latin America.

Land equipped for irrigation would expand 

by some 32 million ha (11 percent), while 

harvested irrigated land would expand 

by 17 percent. All of this increase would 

be in the developing countries. Due to a 

slowly improving efficiency in water use 

and a decline in the area under rice (which 

is relatively intensive in water use), water 

withdrawals for irrigation would grow at 

a slower pace but still increase by almost 

11 percent (or some 286 cubic km) by 

2050. The pressure on renewable water 

resources from irrigation would remain 

severe and could even increase slightly in 

several countries in the Near East/North 

Africa and South Asia.

Crop yields would continue to grow but at 

a slower rate than in the past. This process 

of decelerating growth has already been 

under way for some time. On average, 

annual crop yield growth rate over the 

projection period would be about half 

(0.8 percent) of its historical growth rate 

(1.7 percent; 0.9 and 2.1 percent for the 

developing countries). Cereal yield growth 

would slowdown to 0.7 percent per annum 

(0.8 percent in developing countries), and 

average cereal yield would by 2050 reach 

some 4.3 tonne/ha, up from 3.2 tonne/ha 

at present.

ARE THE PROJECTED 
INCREASES IN LAND, WATER 
USE AND YIELDS FEASIBLE?

The Global Agro-Ecological Zone study 

shows that there are still ample land 

resources with potential for crop production 

available, but this result needs to be heavily 

qualified. Much of the suitable land not yet Source: Simulation results with World Bank’s ENVISAGE model, from van der Mensbrugghe et al. 2009
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Figure 1.  Living standards are projected to gradually converge

Figure 2.  Emerging economies drive the projected global GDP growth
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Food Security
Increasing population  +  increasing wealth
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Pe
op

le Not only is there 
more money, 
more people are 
better off

Source: WP-17: The Future of Worldwide Income Distribution. Peterson Institute for International Economics.



Food Security
Increasing population  +  increasing wealth  =  increased protein demand

What happens 
when people 
get richer?

Source: Our World in Data. ourworldindata.org
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Food Security
Increasing population  +  increasing wealth  =  increased protein demand

Are we going 
to get more 
protein from 
the land?

in use is concentrated in a few countries 

in Latin America and sub-Saharan Africa, 

but many countries with growing rural 

populations in these regions are extremely 

land-scarce, and much of the potential land 

is suitable for growing only a few crops that 

are not necessarily those for which there 

is the highest demand. Also much of the 

land not yet in use suffers from constraints 

(chemical, physical, endemic diseases, lack 

of infrastructure, etc.) that cannot easily 

be overcome or that it is not economically 

viable to do so. Part of the land is forested, 

protected or subject to expanding urban 

settlements. Overall, however, it is fair to say 

that although there is a number of countries 

(in particular in the Near East/North Africa 

and South Asia) that have reached or are 

about to reach the limits of land available, 

on a global scale there are still sufficient 

land resources to feed the world population 

for the foreseeable future, provided that 

the investments required to develop these 

resources are made and the neglect of 

recent decades in the agricultural research 

and development effort is reversed.

The availability of fresh water resources 

shows a similar picture as land availability, 

i.e. globally more than sufficient but very 

unevenly distributed, with an increasing 

number of countries or regions within 

countries reaching alarming levels of water 

scarcity. This is often the case in the same 

countries in the Near East/North Africa and 

South Asia that have no land resources left. 

A mitigating factor could be the fact that 

there are still ample opportunities to increase 

water use efficiency (e.g. through providing 

the right incentives to use less water).

The potential to raise crop yields even 

with the existing technologies seems 

considerable. Provided the appropriate 

socio-economic incentives are in place, 

there are still ample ‘bridgeable’ gaps in 

yield (i.e. the difference between agro-

ecologically attainable and actual yields) 

that could be exploited. Fears that yields 

(e.g. for rice) are reaching a plateau do 

not seem warranted (except in a few very 

special instances).

ACCESS TO FOOD

Current projections suggest that average 

daily energy availability could reach 

3050 kcal per person by 2050 (2970 kcal 

in the developing countries), up from 

2770 kcal in 2003/05. However, the 

same projections suggest that production 

increases alone would not be sufficient to 

ensure food security for everyone. Unless 

governments make sure access to food 

by the needy and vulnerable is significantly 

improved, and while the prevalence of 

chronic undernourishment in developing 

countries could fall from 16.3 percent 

(823 million) in 2003/05 to 4.8 percent in 

2050, this would still mean that some 370 

million persons would be undernourished in 

2050. Of the three developing regions with 

the highest numbers of undernourished 

people currently, declines would be most 

pronounced in Asia (both East and South 

Asia), but less so in sub-Saharan Africa. On 

these prospects, the World Food Summit 

target of halving the numbers of hungry 

people by 2015 (from the 813 million of 

1990/92) may not be reached until well into 

the 2040s. These calculations underline 

the importance of putting in place effective 

poverty reduction strategies, safety nets 

and rural development programmes.

DIETARY TRANSITION AND HEALTH

While progress towards raising average 

food consumption is a welcome 

development, such rises are not always 

an unmixed blessing: the diet transitions 

experienced by many countries imply 

changes towards energy-dense diets high 

in fat, particularly saturated fat, sugar and 

salt and low in micronutrients, dietary fiber 

and important bioactive phytochemicals. 

In combination with lifestyle changes, 

largely associated with rapid urbanization, 

such transitions, while beneficent in many 

countries with still inadequate diets, are 

often accompanied by a corresponding 

increase in diet-related chronic non-

communicable diseases (NCDs). In many 

countries undergoing this transition, 

obesity-related NCDs appear when health 

problems related to undernutrition of 

significant parts of their populations are 

still widely prevalent. The two problems 

co-exist and present these countries with 

novel challenges and strains in their health 

systems that must be addressed in policies 

and programmes to increase consumers’ 

awareness about nutrition, promote 

balanced and healthy diets and improve 

food welfare.

Arable land

Source: Bruinsma, 2009
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Food Security
Increasing population  +  increasing wealth  =  increased protein demand

We’re pretty 
much done 
with getting 
animal protein 
from land

Source: Merrill & Leatherby. Here’s How America Uses Its Land. 31 July 2018. Bloomberg.



Food Security
Increasing population  +  increasing wealth  =  increased protein demand

We’re pretty 
much done 
with getting 
animal protein 
from land

Source: Randall Munroe. https://xkcd.com/1338/



Food Security
Increasing population  +  increasing wealth  =  increased protein demand

It’s going to 
come from 
the ocean — 
specifically, 
aquaculture

THE STATE OF WORLD FISHERIES AND AQUACULTURE 2018

NOTE: Excludes aquatic mammals, crocodiles, alligators and caimans, seaweeds and other aquatic plants

NOTE: Excludes aquatic mammals, crocodiles, alligators and caimans, seaweeds and other aquatic plants

FIGURE 1
WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION

FIGURE 2
WORLD FISH UTILIZATION AND APPARENT CONSUMPTION

Aquaculture productionCapture production
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PART 4 OUTLOOK AND EMERGING ISSUES

over the course of the projection period to reach 
201 million tonnes in 2030 (Figure 48). This 
represents a growth of 18 percent over 2016, or 30 
million tonnes ( Table 22), at a lower annual growth 
rate (1.0 percent) than observed in the period 
2003–2016 (2.3 percent). 

In 2030 capture f isheries production is expected 
to reach about 91 million tonnes, slightly higher 
(by 1 percent) than in 2016. Factors inf luencing 
this limited growth include a 17 percent decrease 
of capture f isheries in China due to the 
implementation of new policies, compensated by 
increased catches in some fishing areas where 
stocks of certain species are recovering due to 
improved management; some increase in catches 
in waters of the few countries where there are 
underfished resources, where new fishing 
opportunities exist or where fisheries 
management measures are less restrictive; and 
enhanced use of f ishery production, including 
reduced onboard discards, waste and losses as 
driven by legislation or higher market f ish prices 
(for both food and non-food products). However, 
in some years (set in the model as 2021 and 2026 

as one of the assumptions), the El Niño 
phenomenon is expected to reduce catches in 
South America, especially for anchoveta, 
resulting in an overall decrease of world capture 
f isheries production of about 2 percent in those 
years. 

The major growth in production is expected to 
originate from aquaculture, which is projected 
to reach 109 million tonnes in 2030, with growth 
of 37 percent over 2016. However, it is estimated 
that the annual growth rate of aquaculture will 
slow down from 5.7 percent in 2003–2016 to 2.1 
percent in 2017–2030 (Figure 49), mainly because 
of reduced growth of Chinese aquaculture 
production, partially compensated by an 
increase in production in other countries. 
Despite the lower growth rate, aquaculture will 
stil l continue to be one of the fastest growing 
animal-food sectors. The share of farmed 
species in global f ishery production (for food 
and non-food uses), 47 percent in 2016, is 
projected to exceed that of wild species for the 
first time in 2020 and to grow to 54 percent in 
2030 (Figure 50). 

FIGURE 48
WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION, 1990–2030
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We are entering the 
age of ocean agriculture



Measuring biodiversity is critical

•Prospecting: What to farm in the ocean? 
    We learn that by measuring biodiversity 

•Managing: How is our farming going? 
    We learn that, too, by measuring biodiversity



How to measure biodiversity?

Terrestrial agriculture has many  
technologies available — even satellite data

Marine data can be 
more challenging to acquire



Classical marine biodiversity tools

Expensive

Slow

Demanding



Novel technology: 
Environmental DNA (eDNA)

•We can determine an organism’s species from its 
DNA sequence 

•We can use DNA shed into the environment to 
inventory entire communities



Creating a DNA “barcode”

Identified 
specimen

Extract 
DNA

Amplify  
“barcode” gene

Sequence 
amplified gene

File reference 
“barcode”



Using barcodes with eDNA

Schizoporella inarmata 
Diodora aspera 
Eualus subtilis 
Lumbrinerides platypygos 
Pteropurpura macroptera 
Harbansus mayeri 
Paracalanus parvus 
Neanthes succinea 
Dorvillea (Dorvillea) sp 
Anatoma kelseyi 
Hoplonemertea sp A 
Elthusa californica 
Ophiocten sp 
Euchone rosea 
Salvatoria mediodentata 
Ampelisca cf brevisimulata 
Hesperato columbella 
Ophioglycera sp 
Caesia delosi 
Ampithoe plumulosa 
Magelona berkeleyi 
Ericthonius sp SD1 
Ophiosphalma jolliense 
Pinnixa occidentalis Cmplx 
Stenothoe estacola 
Phyllodoce hartmanae 
Samytha californiensis 
Phisidia sanctaemariae 
Teinostoma supravallatum 
Pugettia venetiae 
Tenonia priops 
Halianthella sp A 
Tubificoides parapectinatus 
Nucula carlottensis 
Hippomedon sp A 
Leucon declivis 
…

Collect eDNA

High-throughput 
sequencing

Bioinformatic 
analysis

Community 
inventory



Example: Port study



Example: Port study
Classical sampling eDNA sampling



Classical vs eDNA
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eDNA challenges

•Technical challenges: 
biases, determining quantities 

•Reference database challenges: 
of thousands of local marine species,  
only a few hundred have reference “barcodes”



L.A. Urban Ocean Expedition 2019
•August 19 – September 2 at AltaSea 
•Dozens of taxonomists and collectors 
•Collaboration with partners:

AltaSea, California Science Center,  
Aquarium of the Pacific, 
Cabrillo Marine Aquarium,  
Ocean Exploration Trust, 
Los Angeles Maritime 
Academy, …



NHM’s DISCO program is developing cutting-edge biodiversity technology, 

applying the Museum’s expertise in collections 
That’s why we want to know 

What’s in the water?

https://research.nhm.org
Dean Pentcheff  pentcheff@nhm.org 

Regina Wetzer  wetzer@nhm.org


