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FEATURE

The National Ecological Observatory Network:                     
An Observatory Poised to Expand Spatiotemporal Scales of 
Inquiry in Aquatic and Fisheries Science

ABSTRACT: Large spatiotemporal-scale fisheries research 
amid pervasive environmental change requires scientific re-
sources beyond the capabilities of individual laboratories. 
Here we introduce the aquatics program within a novel institu-
tion, the National Ecological Observatory Network (NEON), 
poised to substantially advance spatiotemporal scales of in-
quiry in fisheries research. NEON will collect high-quality data 
from sites distributed throughout the United States, including 
Alaska, Hawaii, and Puerto Rico, for 30 years. Data products 
will include hundreds of metrics that comprehensively quantify 
the biological, chemical, and hydrogeomorphic attributes of 
streams, lakes, and rivers in the observatory network. Coupling 
observations from NEON terrestrial, atmospheric, and airborne 
programs will facilitate unique inquiries in ecohydrology. All 
NEON-generated data will be rigorously quality controlled and 
posted to an entirely open-access web portal. Proposals that 
expand the observatory scope through additional observations, 
sites, or experiments are encouraged. Thus, NEON represents 
an unprecedented and dynamic resource for fisheries research-
ers in the coming decades.

ryan m. utz,* michael r. fitzgerald, keli J. 
Goodman, Stephanie M. Parker, Heather Powell, 
and Charlotte L. Roehm
The National Ecological Observatory Network, 1685 38th St. Suite 100, 
Boulder, CO 80301. 

*E-mail: rutz@neoninc.org

La red del Observatorio Ecológico Na-
cional: un sistema listo para expandir la 
escala espacio-temporal de la investig-
ación en la ciencia acuática y pesquera
RESUMEN: La investigación pesquera en grandes esca-
las espacio-temporales, dentro de un ambiente cambiante, 
requiere de recursos científicos que van más allá de las ca-
pacidades de laboratorios individuales. En la presente con-
tribución se introduce el programa “aquatics” concebido en 
el seno de una institución de reciente formación, el Obser-
vatorio Ecológico Nacional (NEON) que fue diseñado para 
mejorar de forma sustancial la escala de investigación espa-
cio-temporal de las ciencias pesqueras. NEON recolectará 
datos de alta calidad, dentro de un periodo de 30 años, de 
distintos sitios distribuidos a lo largo de los Estados Unidos 
de Norteamérica, incluyendo Alaska, Hawái y Puerto Rico.  
Los datos incluirán cientos de medidas que cuantifican los 
atributos biológicos, químicos e hidrogeomorfológicos de 
arroyos, lagos y ríos que abarca el observatorio. El aco-
plamiento de observaciones de los programas terrestres, 
atmosféricos y aéreos de NEON facilitará la investigación 
eco-hidrológica. Todos los datos generados por NEON pas-
arán por un riguroso control de calidad y serán puestos a 
disposición del público en general en un portal de internet. 
Se exhortan aquellas propuestas que, a través de la adición 
de observaciones, sitios o experimentos, estén encaminadas 
a expandir el ámbito del observatorio. Así, NEON repre-
senta un recurso, dinámico y sin precedentes, para los inves-
tigadores pesqueros en las próximas décadas.

Such knowledge gaps inevitably lead to uncertainties when de-
veloping science-informed management decisions. 

Applying broad-scale spatiotemporal data often proves to 
be an effective means of addressing such challenges. For in-
stance, long-term data sets from widely distributed locations 
have been recently used to highlight greater than expected phe-
nological responses of plants to climate change (Wolkovich et 
al. 2012), demonstrate spatially pervasive trends of rising water 
temperatures in streams and rivers (Kaushal et al. 2010), and 
evaluate the current status of marine fisheries on a global spatial 
scale (Worm et al. 2009). Yet the information resources that 
led to such findings represent the exception in ecology, with 
the majority of collected data within the field remaining pro-
prietary and inaccessible despite the clear need for openness in 

INTRODUCTION

Understanding the multiscaled spatial and temporal pro-
cesses that structure aquatic ecosystems is a fundamental chal-
lenge in fisheries management and conservation. For example, 
the suite of physical controls that shape habitat templates in riv-
ers operate with observable signatures spanning approximately 
15 orders of magnitude across time and space (Minshall 1988), 
whereas processes occurring among and within interacting pop-
ulations of organisms exhibit an arguably equivalent degree of 
spatiotemporal heterogeneity (Fausch et al. 2002). Complicat-
ing matters further, freshwater and terrestrial ecosystems are 
inexorably linked through nutrient (Marcarelli et al. 2011), prey 
(Wipfli and Baxter 2010), and water subsidies also operating at 
variable spatiotemporal scales. Finite resources inevitably limit 
the spatial and temporal extent of virtually all ecological stud-
ies, resulting in a high likelihood of overlooking or mischarac-
terizing important patterns and processes (Cooper et al. 1998). 

D
ow

nl
oa

de
d 

by
 [

R
ya

n 
U

tz
] 

at
 0

9:
18

 2
2 

Ja
nu

ar
y 

20
13

 



Fisheries • Vol 38 No 1 • January 2013• www.fisheries.org   27

such a collaborative, interdisciplinary science (Reichman et al. 
2011). Furthermore, even when data are freely available, poorly 
documented metadata, incomplete provenance, and/or inconsis-
tent methodology can render comparability among locations or 
across time spans impossible (Peters 2010).

Fortunately, several recently initiated large-scale envi-
ronmental observatories will soon expand scales of inquiry 
in disciplines with ties to fisheries science for all researchers. 
Such networks aim to freely provide multidecadal data records 
collected using standardized methodology to allow trend com-
parisons among widely dispersed sites. For instance, the Na-
tional Science Foundation (NSF)-supported Ocean Observatory 
Initiative will begin publishing 25 years worth of open-access 
multivariate oceanographic data from a network of deepwater 
and coastal arrays dispersed throughout the western hemisphere 
starting in 2015 (Cowles et al. 2010). Another NSF-funded 
initiative, the Critical Zone Observatory (CZO; http://www.
criticalzone.org), freely publishes hydrologic, chemical, and 
physical data from the vadose zones of seven locations through-
out the United States and Puerto Rico (Anderson et al. 2008; 
Lin et al. 2011). Lake ecologists may access an unprecedented 
catalog of information amassed by the Global Lake Ecological 
Observatory Network (GLEON; gleon.org), a grassroots net-
work of scientists integrating scalable environmental data from 
lakes around the world (Hanson 2008; Kratz et al. 2006). 

Here we introduce an observatory poised to become a valu-
able resource for fisheries scientists: the National Ecological 
Observatory Network (NEON). The observatory is an NSF-

funded project currently being constructed by an independent 
501(3)(c) nonprofit corporation (NEON, Inc.; headquartered in 
Boulder, Colorado). The explicit mission of NEON is to en-
able continental-scale ecological forecasting (i.e., identifying 
broad-scale patterns across North America and using these 
to help predict future trends) by providing infrastructure and 
high-quality, standardized data collected throughout the United 
States, including Alaska, Hawaii, and Puerto Rico. Specifi-
cally, NEON was explicitly designed to address Grand Chal-
lenge questions in the environmental sciences put forth by the 
National Research Council (NRC 2001). NEON-generated data 
are thus strategically intended to provide standardized observa-
tions and experimental data to increase understanding of how 
(1) climate change, (2) land use change, and (3) invasive species 
interact to impact (1) biogeochemical cycles, (2) biodiversity, 
(3) ecohydrological processes, and (4) the spread of infectious 
diseases (Figure 1; NEON 2011). 

During the scheduled 30 years of operation, NEON will 
archive and provide open access to more than 600 data products. 
Parameters will range from standard descriptive field measure-
ments, such as indicators of water quality (e.g., NO3 concentra-
tions, total organic matter, and acid neutralizing capacity) to 
complex metrics derived from multiple variables (e.g., stream 
metabolism, fish biodiversity, NO3 flux). Each measurement 
will be subjected to a rigorous quality assurance/quality control 
check. All observatory-generated data will be posted to an open-
access web portal for research community and general public 
use. NEON will operate in 60 sites distributed among 20 ecocli-
matic domains selected to maximize objective representation of 

Figure 1. The theoretical basis of the NEON observatory. National Resource Council (NRC) Grand Challenges in environmental sciences have alluded to 
key questions that NEON data products are meant to help multiple communities address.
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continental-scale environmental variability (Keller et al. 2008). 
The observatory is also a platform upon which researchers iden-
tifying an impetus for additional data or seeking to use NEON 
infrastructure for novel experiments are encouraged to apply for 
external funding to support their work. 

Within NEON, an Aquatic Program will implement a sam-
pling regime for 212 data products from 36 wadable streams, 
nonwadable rivers, and lakes throughout the United States. The 
Aquatic Program within NEON aims to address NRC-posited 
Grand Challenges in aquatic ecosystems with the exception of 
infectious disease dynamics. Aquatic data will include quantita-
tive metrics characterizing diversity among multiple biological 
assemblages (fish, invertebrates, macrophytes, algae, and pe-
riphyton) and comprehensive biogeochemical, hydrologic, and 
geomorphic data. The following sections provide an overview 
of the data products to be derived by the NEON Aquatic Pro-
gram and how they stand to benefit fisheries scientists. Because 
of the number of parameters to be collected, a comprehensive 
description of all planned data products would reach beyond 
the scope of this article. However, a full, descriptive list of 
planned data products may be freely accessed online (Keller 
2010; Keller et al. 2010).

BIOLOGICAL DATA

Providing comprehensive data that enable the detection of 
long-term trends in biological assemblages among North Amer-
ican ecosystems represents a fundamental NEON goal. Data 
products derived from NEON biological collections in aquatic 
sites will include the diversity, richness, relative abundance, and 
spatial distribution of microbes, algae, aquatic plants, macroin-
vertebrates, and fishes. Individual weights and lengths of fishes 
will also be quantified, with the exception of sensitive species 
or populations that prohibit such handling. NEON field crews 
will collect microbial biofilm, algal, and benthic macroinverte-
brate community samples two to three times per year and fish 
sampling will occur once per year in streams and lakes. Zoo-
plankton samples will also be collected in all lakes. Sampling 
regimes for fish will consist of electrofishing, gill netting, and/
or minnow traps depending on site characteristics. During the 
30-year period of NEON operations, special attention will be 
paid to invasive species and data will denote when organisms 
are not native. Riparian vegetation surveys will be undertaken at 
each site once per year during peak leaf out. Finally, phenologi-
cally important dates associated with riparian vegetation (leaf 
out, fall, and senescence) that dictate patterns in evapotranspira-
tion and associated trends in stream hydrology will be recorded 
at each site.

In addition to biological data collected using conventional 
methodology, NEON will help advance molecular techniques 
that catalog species and improve biomonitoring efforts. NEON 
will work with existing partners, including the United States 
Environmental Protection Agency and Barcode of Life Data-
systems, to develop novel DNA barcode databases (Hajibabaei 
et al. 2007) for select aquatic and terrestrial taxonomic groups 
that are morphologically difficult to distinguish and speciose. In 

aquatic ecosystems, a subset of benthic macroinvertebrates will 
be targeted for DNA barcoding. Though the initial target aquatic 
taxa for DNA barcoding has yet to be determined, the group will 
likely possess difficult taxonomic attributes, a ubiquitous distri-
bution and significant potential for biomonitoring applications, 
such as nonbiting midges (Chironomidae; Raunio et al. 2011). 

CHEMICAL AND BIOGEOCHEMICAL DATA

Water quality in aquatic ecosystems is strongly integrated 
with surrounding terrestrial and atmospheric environments 
through multiple spatiotemporally heterogeneous processes 
(Williamson et al. 2008). Such relationships influence fish habi-
tat, water quality, and ecosystem services, though fish may si-
multaneously shape water chemistry through nutrient transport, 
via ecosystem engineering (Moore 2006), and by creating bio-
geochemical hotspots (McIntyre et al. 2008). NEON will pro-
vide continuous and discrete chemical data of surface water (up 
to 35 parameters) at aquatic sites via in situ sensors and water 
samples collected up to 26 times per year. At lake sites, NEON 
water chemistry samples will span locations across lake surfaces 
and at multiple depths to quantify epilimnetic and hypolimnetic 
processes. These observations will help to define the seasonal-
ity of chemical parameters such as total and dissolved nutrients, 
cations, and anions. Isotopic ratios (i.e., δN15, O18, S34, and C13) 
in detritus, surface and subsurface water, particulate organic 
matter, and primary producer samples will also be collected to 
structure food webs and quantify links between chemical and 
biological processes and among environments. Because benthic 
zone sediments act as source, sink, or transformation centers of 
biogeochemical cycles, NEON will quantify sediment chemis-
try (up to 23 parameters including dissolved nutrients, cations, 
and anions) at least annually at all aquatic sites. Complementary 
metrics pertaining to grain size and structure will help deter-
mine sorption and oxygen depletion potentials. At sites where 
the likelihood of metal contamination is considered significant, 
NEON will measure sediment and water column metal concen-
trations. In addition to data derived from grab samples, con-
tinuous monitoring sensors will measure parameters such as 
turbidity, pH, conductivity, dissolved oxygen, temperature, and 
select nutrients, providing valuable real-time information on the 
chemical dynamics that affect aquatic organisms. 

Aquatic chemistry parameters will also include in-house 
calculations of high-order biogeochemical metrics. NEON will 
produce measurements of whole-stream metabolism in wad-
able streams, which is a key indicator of processes that couple 
aquatic, terrestrial and atmospheric environments (Carpenter et 
al. 2005). Changes in land use and subsequent nutrient export 
from surrounding ecosystems can influence metabolism in re-
ceiving waters, ultimately impacting primary production and 
biological oxygen demand (Mulholland et al. 2001). In some 
cases, excessive nutrient inputs elevate primary productiv-
ity to rates that induce eutrophication, oxygen depletion, and 
fish kills (Dybas 2005). Given the value of metabolism as an 
integrator of environmental change, NEON will continuously 
quantify metabolism in wadable stream sites using a two-stage 
oxygen-depletion method. Associated data products will in-
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clude relationships between discharge and stream reaeration 
rate coefficients, which will enable the calculation of continu-
ous rates of gross primary production and ecosystem respiration 
per unit channel area and length. Other high-order biogeochemi-
cal metrics to be quantified by NEON include flux estimates for 
nitrogen, phosphorus, and carbon. 

HYDROLOGIC, GEOMORPHIC, AND 
GROUNDWATER DATA

Climate models indicate that global changes in hydro-
logic cycles are imminent and will significantly affect aquatic 
ecosystems worldwide. In northeastern North America, heavy 
precipitation events are predicted to occur more frequently, 
whereas in the arid southwest precipitation is anticipated to de-
crease (Solomon et al. 2009). Severe precipitation events may 
induce water quality degradation in small streams and lakes, 
because greater fractions of water budgets could potentially 
be transmitted via overland flow. Such events impact the ther-
mal attributes of aquatic ecosystems: groundwater infiltration 
is thermally consistent, whereas the temperature of water de-
livered during events as overland flow may be highly variable 
(Brown and Hannah 2008). Pulse- and press-dynamic changes 
in precipitation, water temperature fluctuations, and hydrology 
associated with climate change will impact the reproductive 
success of many fishes (Daufresne and Boët 2007). NEON will 
continuously record stream stage and calculate instantaneous 
discharge at all wadable stream sites. Additionally, aquatic 
sites (including lakes) will be instrumented with a network of 
up to eight riparian monitoring wells (≤30 m deep) to quan-
tify local groundwater contributions at locations where such 
infrastructure is feasible. Sensors deployed in wells will pro-
vide near-continuous data on groundwater level, temperature, 
and conductivity. The well network will be spatially designed 
to capture coverage of influent–effluent groundwater chemis-
try, hydraulic gradients, and flow directions. Coupling NEON 
biological and biogeochemical attributes with sensor-derived 
groundwater well, in-stream surface water, and atmospheric/
meteorological station data will allow researchers to conduct 
unprecedented analyses in ecohydrology.

Morphology surveys will be conducted annually to monitor 
changes in aquatic site physical attributes. At each stream and 
river site, NEON typically secures access to conduct research 
within a 1,000-m reach, and morphology surveys will cover this 
entire extent. Morphological data products in wadable stream 
systems will include channel attributes such as slope, sinuos-
ity, and the relative linear extent of specific habitat types (i.e., 
pools, riffles, and runs). Features will be mapped with respect 
to fixed coordinate systems to assess questions such as whether 
and how channel attributes evolve over time. Additionally, 
the abundance, location, and mobility of large woody debris 
(fundamentally important to aquatic ecosystems; Gregory et al. 
2003) will be quantified during morphology surveys. In lakes, 
detailed bathymetry surveys will be conducted using acoustic 
technology with high-precision differential Global Positioning 
Systems. 

ATMOSPHERIC, TERRESTRIAL, AND 
 REMOTELY SENSED DATA

NEON data collected outside of aquatic systems will likely 
also prove a valuable resource in many fisheries science ap-
plications. Terrestrial NEON data products consist of physical, 
chemical, and biological data, including soil metrics, evapo-
transpiration, phenological attributes (such as leaf senescence 
and emergence), and biochemical vegetation parameters. Such 
characteristics directly influence hydrologic cycles and water 
quality; thus, NEON data will enable investigative efforts re-
lating terrestrial dynamics to hydrogeomorphic attributes in 
aquatic ecosystems. NEON will quantify stable isotope data 
signatures from multiple biotic and abiotic components of ter-
restrial and atmospheric environments. Consequently, stable 
isotope-based modeling of energy and material subsidies be-
tween terrestrial and aquatic food webs, an important phenom-
enon in both systems (Paetzold et al. 2005; Wipfli and Baxter 
2010), will be possible across the network. NEON will collect a 
comprehensive suite of high-resolution data on atmospheric pa-
rameters from tower infrastructures, including total and photo-
synthetically active solar radiation, deposition, and wind speed/
direction. These data may be used to quantify atmospheric 
controls on the physicochemical attributes of NEON aquatic 
ecosystems. Additionally, the NEON tower infrastructure will 
measure the chemical composition of dust and precipitation, 
thereby facilitating studies investigating deposition impacts on 
primary productivity in lake and marine ecosystems (Miller et 
al. 2007; Elser et al. 2009). 

Data products will also include remotely sensed informa-
tion derived from an Airborne Observation Platform (AOP). 
NEON will collect spectroscopic, photogrammetric, and light 
detection and ranging (LiDAR) data from flights deployed once 
annually over all sites in each domain. AOP observations will 
be converted to multiple high-order data products, such as land 
cover, canopy moisture, chemistry and structure, and distur-
bance metrics. These remotely sensed data are meant to bridge 
scales between satellite and terrestrially derived data. Integrat-
ing such information with aquatic and terrestrial observations 
should facilitate unprecedented analyses in watershed science.

sTreon—THe firsT neon neTWork 
EXPERIMENT

As mentioned above, NEON encourages proposals sub-
mitted by external scientists who use observatory facilities to 
conduct novel experiments. The first among these will be the 
Stream Experimental Observatory Network (STREON), an ex-
perimental program that will serve as a long-term assessment of 
stream ecosystem responses to drivers of environmental change 
(eutrophication and the extirpation of large-bodied organisms). 
STREON will consist of two treatments: (1) the nutrient most 
likely limiting local primary production (nitrogen or phospho-
rous) will be enriched by 5× ambient concentrations and (2) 
large-bodied organisms such as fish and amphibians will be 
electrically excluded from patches of benthic habitat (sediment 
baskets) during an annual 8- to 12-week period (Figure 2). Ad-

D
ow

nl
oa

de
d 

by
 [

R
ya

n 
U

tz
] 

at
 0

9:
18

 2
2 

Ja
nu

ar
y 

20
13

 



Fisheries • Vol 38 No 1 • January 2013• www.fisheries.org   30

ditionally, the likely nonlimiting nutrient (nitrogen or phospho-
rus) will be chronically added at an N:P ratio of 20:1. Nutrient 
enrichment treatments will be applied immediately downstream 
of the regular aquatic NEON reach in 10 sites (Table 1, Fig-
ure 2), and consumer exclusion apparatuses (and control rep-
licates) will be deployed in both reaches. Data associated with 
STREON will include all standard NEON aquatic site measure-
ments collected in both reaches. Additionally, sediment baskets 
linked to the consumer exclusion treatment will be incubated in 
closed recirculation chambers to quantify benthic metabolism 
and nutrient uptake. 

Past chronic nutrient enrichment experiments have demon-
strated distinct temporal thresholds of whole-ecosystem effects 
and elevated fish growth rates in treatment reaches (Benstead et 
al. 2007), and studies similar to the consumer exclusion compo-
nent have revealed how fishes and other large-bodied organisms 
induce trophic cascades and/or serve as ecosystem engineers 
(Greathouse et al. 2006). What renders STREON unique from 
past efforts is the scope: the experiment will run over a 10-year 
period in 10 geoclimatically distinct streams across the conti-
nent. STREON will operate using standardized data quality as-
surance procedures to ensure that the experiment is as consistent 
as possible among sites. As with all NEON-generated informa-
tion, STREON data will be open access, quality assured/quality 
controlled and available to the public via a web portal.

Metric and Protocol  Development

The metrics to be collected and posted by NEON were 
specifically selected to help address NRC Grand Challenges in 
the environmental sciences and were identified during the plan-
ning and design phases of NEON development. From 2005 to 
2011, NEON held multiple workshops and meetings intended 
to solicit recommendations on metric selection from external 
researchers in various subdisciplines of ecology. The resulting 
comprehensive suite of data products to be collected may be 
found in Keller (2010) and Keller et al. (2010). However, the 
NEON suite of data products will not necessarily remain static 
during the 30 years of operations: researchers may apply for 
funding (through agencies external to NEON) to expand the 
scope of data products that NEON collects (explained further in 
The NEON Structure: Current and Future section below). 

For each NEON-generated data product, including all de-
scribed in the preceding sections, specific protocols defining 
field and laboratory procedures will be written by NEON staff 
ecologists and peer-reviewed by active members in the research 
community. Protocol methodology will attempt to outline the 
best-known sampling practices for NEON field technicians. 
Preliminary protocol drafts are distributed to a voluntary work-
ing group of scientists external to NEON for review. Working 
group members possess the expertise required to assess such 

protocols and include scientists from 
academia, government agencies, and 
nonprofit organizations. For example, 
the aquatics technical working group 
reviews all aquatics program protocols 
and is comprised of 18 aquatic ecolo-
gists from nine universities or colleges, 
three federal agencies, and two non-
profit research institutions (currently 
active members of all working groups 
are listed on the NEON website). Final-
ized protocols will be made available to 
the community as open-access online 
resources so that researchers wishing 
to apply NEON methodology to maxi-
mize the comparability of data they col-
lect may do so.

Protocols are developed to maxi-
mize data comparability among sites. 
Wherever possible, NEON person-
nel will apply identical methodology 
across sites. Procedures applied will 
represent those most appropriate for 
the setting where local environmental 
conditions significantly affect the effi-
cacy of a certain method. For instance, 
when sampling benthic macroinverte-
brates, Surber samplers will be used 
in mid- to high-gradient streams with 
hard substrates, whereas sites with 
sandy or silty substrates will be sam-Figure 2. Experimental design of the STREON program at a typical site.
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TABLE 1. NEON candidate aquatic sites and examples of fish species found in these water bodies. Sites listed are pending land use agreements 
(for site updates visit the NEON website). Numbers in the first column correspond to those illustrated in Figure 4. Italicized stream names denote 
sites in the STREON program. 

Site Name, State
Watershed area (km2; 
lotic systems) or sur-
face area (ha; lakes)

Fish community attributes at site

1 West Branch Bigelow Creek, MA 0.3 No fishes present

2 Sawmill Brook, MA 4.0 No fishes present

3 Baisman Run, MD 1.7 Six species including brook trout (Salvelinus fontinalis), rosyside dace (Clinostomus funduloides), 
and longnose dace (Rhinichthys cataractae)

4 Posey Creek, VA 2.2 Currently unknown, but likely mottled sculpin (Cottus bairdi), creek chub (Semotilus atromaculatus), 
and blacknose dace (Rhinichthys atratulus)

5 Suggs Lake, FL 31.5 Fourteen recorded species, including spotted gar (Lepisosteus oculatus), bowfin (Amia calva), and 
warmouth (Lepomis gulosus)

6 Barco Lake, FL 10.1 Warmouth, largemouth bass (Micropterus salmoides), and bluegill (Lepomis macrochirus)

7 Ichawaynochaway Creek, GA 2,683.2 Fifty recorded species including goldstripe darter (Etheostoma parvipinne), shoal bass (Micropterus 
cataractae), and spotted bullhead (Ameiurus serracanthus)

8 Río Cupeyes, PR 11.3 American eel (Anguilla rostrada), mountain mullet (Angonostomus monticola), and bigmouth 
sleeper (Gobiomorus dormitor)

9 Río Guillarte, PR 11.9 Currently unknown; likely similar to Río Cupeyes

10 Lake Clara, WI 27.4 At least five species characteristic of north-temperate lakes, including yellow perch (Perca flaves-
cens), largemouth bass, and northern pike (Esox lucius)

11 Pickerel Creek, WI 34.9 Currently unknown

12 Kings Creek, KS 12.4 Twenty recorded species including orangethroat darter (Etheostoma spectabile), orangespotted 
sunfish (Lepomis humilis), and shorthead redhorse (Moxostoma macrolepidotum)

13 McDowell Creek, KS 214.4 Thirty-six recorded species, including carmine shiner (Notropis percobromus), southern redbelly 
dace (Phoxinus erythrogaster), and longnose gar (Lepisosteus osseus)

14 LeConte Creek, TN 9.1 Brook trout and mottled sculpin (Cottus bairdi)

15 Walker Branch, TN 0.4 Creek chub and western blacknose dace (Rhinichthys obtusus)

16 Black Warrior River, AL 15,159.3 One hundred twenty-six recorded species including Tuskaloosa darter (Etheostoma douglasi), redeye 
bass (Micropterus coosae), and black redhorse (Moxostoma duquesnei)

17 Lower Tombigbee River, AL 47,102.4 One hundred twenty-one recorded species, including paddlefish (Polyodon spathula), river redhorse 
(Moxostoma carinatum), and crystal darter (Ammocrypta asprella)

18 Mayfield Creek, AL 17.0 Currently unknown, but could include >25 species. Supports populations of Tombigbee darter 
(Etheostoma lachneri), least brook lamprey (Lampetra aepyptera), and bluehead chub (Nocomis 
leptochephalus)

19 Prairie Pothole, ND 11.0 Currently unknown; likely supports populations of brook stickleback (Culea inconstans) and black 
bullhead (Ameirus melas) 

20 Prairie Lake, ND 30.0 Currently unknown; likely similar to Prairie Pothole lake

21 Arikaree River, CO 2,874.9 Nineteen species, including brassy minnow (Hybognathus hanksinsoni), northern plains killifish 
(Fundulus kansae), and orangethroat darter

22 South Pond, OK 0.8 No fishes present

23 Pringle Creek, TX 18.1 Currently unknown; likely supports populations of mimic shiner (Notropis volucellus), blackstripe 
topminnow (Fundulus notatus), and logperch (Percina caprodes)

24 Bozeman Creek, MT 48.7 Currently unknown

25 Blacktail Deer Creek, WY 38.9 Brook trout

26 Fool Creek, CO 2.4 Currently unknown

27 Como Creek, CO 4.8 Greenback cutthroat trout (Oncorhynchus clarki stomias)

28 Sycamore Creek, AZ 345.0 Longfin dace (Agosia chrysogaster) and desert sucker (Pantosteus clarki)

29 Red Butte Creek, UT 16.7 Bonneville cutthroat trout (O. clarki utah)

30 East Branch Planting Creek, OR 1.6 Currently unknown; likely supports populations of coastal cutthroat trout (O. clarki clarki)

31 McRae Creek, OR 5.2 Coastal cutthroat trout 

32 Providence Creek, CA 1.3 No fishes present

33 Convict Creek, CA 52.1 Brook trout (Salvelinus fontinalis), brown trout (Salmo trutta), rainbow trout (Oncorhynchus mykiss)

34 Toolik Lake, AK 146.7 At least five species including lake trout (Salvelinus namaycush), Arctic grayling (Thymallus arcti-
cus), and round whitefish (Prosopium cylindraceum)

35 Oksrukuyik Creek, AK 73.5 Arctic grayling and slimy sculpin (Cottus cognatus)

36 Caribou Creek, AK 30.7 Arctic grayling and slimy sculpin
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pled using hand corers. Posted data will specify methodological 
approaches, and the open-access protocols used to collect the 
data will allow interested researchers to determine the rationale 
concerning methodological decisions. Sample collection timing 
will also be coordinated to maximize data comparability among 
sites. NEON will identify periods where maximum biological 
diversity is expected for each target assemblage using externally 
collected historical data from each domain.

NEON Site Selection Process and Aquatic Sites

Sites in the NEON network are chosen to simultaneously 
maximize representation among major North American ecosys-
tems and allow researchers to address environmental questions 
of regional concern. To distribute sites throughout major eco-
logical gradients of North America, NEON used multivariate 
geographic clustering (Hargrove and Hoffman 1999) to partition 
the continental United States, Alaska, Hawaii, and Puerto Rico 
into 20 ecoclimatic domains. All domains (excluding Hawaii) 
include one to three aquatic sites that fall into two categories: 
core sites, which will remain fixed in place during the entire 30 
years of NEON operations, and relocatable sites, which are in-
tended to move approximately every 5 years to capture variation 
within a domain and address regional questions of interest. Sites 
were selected to represent the greatest degree of characteristic 
ecological attributes of the corresponding domains. Core sites 
typically consist of ecosystems that are minimally impacted by 
anthropogenic stressors. Relocatable sites may be in areas im-
pacted by anthropogenic stressors and are usually paired with 
either core sites or other relocatables to allow contrasting mea-
surements between impacted and relatively intact ecosystems. 
The data collected from all sites may be used to extrapolate re-
lationships that identify the driving causes of long-term ecologi-
cal changes to areas not sampled but where partial, extensively 
sampled, or gridded information is available.

Currently, the candidate aquatic sites in the NEON network 
include 26 wadable streams, three nonwadable rivers, and seven 
lakes representing characteristic aquatic ecosystems among a 
majority of North American ecoregions (Table 1, Figures 3 and 
4). Sites are considered as candidates until a land use agreement 
is obtained. NEON aquatic site selection is informed by external 
scientific input from those familiar with the respective domain 
and follows the same criteria of terrestrial and atmospheric site 
selection: core sites are situated in relatively intact watersheds, 
whereas relocatable sites may be anthropogenically impacted. 
Wherever possible, aquatic sites are located adjacent to (i.e., 
<5 km) NEON tower and terrestrial sites to help couple data 
among ecosystems. NEON lotic ecosystem sizes range from 
small, first-order, fishless streams to large rivers that support 
highly diverse fish communities. The network of sites in Do-
main 8, the Ozarks Complex, may prove particularly valuable 
for fisheries and aquatic ecosystem science because they consist 
of three sites with nested catchments of various sizes within a 
large river watershed. Domain 8 sites were specifically selected 
to span the river continuum (Vannote et al. 1980) of the Tom-
bigbee River watershed and include reaches with more than 100 
recorded fish species. 

The NEON Structure: Current and Future 

NEON is an NSF-funded project managed and maintained 
by an independent, nonprofit corporation (NEON, Inc.) imple-
mented through the Large Facilities Office (LFO). Examples 
of well-known observatories managed under this program in-
clude the Arecibo and Gemini Satellite Observatories. Programs 
implemented through the LFO typically undergo a multiyear 
review process with incremental developmental steps prior to 
operations termed the major research equipment and facili-
ties construction (MREFC) process. Construction funds were 
awarded in fiscal year 2011; a 5-year construction phase (where 
sites are fitted with sensors and data collection begins) followed 
by a 30-year operations phase is now set to ensue. Within each 
domain, NEON crews stationed in local offices will perform 
field operations. Central NEON headquarters is located in Boul-
der, Colorado.

All data will be posted on an open-access, NEON-main-
tained Internet portal. The portal system will include compre-
hensive search interfaces, filtering capabilities (e.g., searching 
within regional and/or date criteria), and decision-support func-
tions to help investigators become fully aware of all available 
data pertinent to their inquiries. The data acquisition portal is 
currently under development and many design specifications 
have yet to be finalized. However, NEON will collaborate with 
several existing data management initiatives, such as the Na-
tional Water Quality Monitoring Council and BioOne, to as-
sist with portal development. External researchers will also be 
consulted to help maximize data portal functionality. Regard-
less of the final design, an open-source metadata structure and 
provenance process will ensure that users understand where and 
how all data are derived. All data will undergo stringent qual-
ity assurance/quality control product definition, statistical, and 
modeling analysis to ensure the identification of erroneous read-
ings. Wherever possible, data will be cross-checked using re-
lated sensors or measurements among the NEON data streams. 
Researchers and the public will be able to access NEON-derived 
design and protocol documents using the web portal to ensure 
data comparability and methodological repeatability outside of 
the observatory. For instance, the standardized, peer-reviewed 
field protocol applied for fish sampling will be downloadable 
so that reliably comparable data may be collected elsewhere. 

Educational resources and tools are being developed at 
NEON to ensure that observatory-generated information, in-
cluding data, is accessible and usable for all interested users. In 
partnership with stakeholder communities, NEON will employ 
a variety of approaches to engage communities in the scientific 
process. Planned educational activities include social media 
applications, online learning modules, citizen science projects, 
student research and internship programs, short courses, and 
workshops to help individuals at all levels of professional de-
velopment effectively use observatory-generated data. Gradu-
ate students from any institution will be able to participate in 
a competitive field and data analysis course to help familiar-
ize themselves with NEON resources. The NEON web portal 
will be an interface to many educational resources, including 
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online learning modules for students 
hoping to use NEON data. Citizen 
science programs will enable partici-
pants to collect, contribute, interpret, 
and visualize scientific data that may 
significantly contribute to scientific 
inquiry. Project Budburst, the first 
among such initiatives (comanaged 
by the Chicago Botanical Garden and 
NEON), provides an interface for am-
ateur botanists to report the dates of 
phenological events such as leaf out 
and senescence at any location. In-
terested researchers may now access 
thousands of phenological event data 
recorded across the country over the 
past 4 years. 

NEON aims to be a dynamic and 
valued resource by actively encour-
aging the scientific community to de-
velop research projects that leverage 
NEON data, facilities, and infrastruc-
ture. Currently, the NSF Macrosys-
tems Biology program, supporting 
research on biological systems at 
regional to continental scales, is a 
principal avenue for fostering scien-
tific collaboration with NEON. Other 
NSF funding programs that have 
encouraged NEON collaboration to 
date include the Research Coordina-
tion Networks and Campus Cyberin-
frastructure–Network Infrastructure 
and Engineering Program. New col-
laborative efforts that leverage NEON 
may also be funded by agencies other 
than NSF or nongovernmental institu-
tions. Proposals that include the use 
or leveraging of NEON assets may be 
submitted by universities, nonprofit 
institutions, non-academic organiza-
tions, or federal agencies. Decisions 
regarding the use of NEON assets 
in novel work will be assessed for 
technical and logistical feasibility 
by NEON staff in accordance with 
policies and procedures currently in 
development and subject to NSF approval. Quantitative, in-
terdisciplinary, and systems-oriented research on biological 
processes and their interactions with environmental change at 
continental scales will be particularly encouraged. Smaller scale 
initiatives, including new technology testing and implemention, 
will also be possible and promoted through collaborations with 
NEON scientists. Finally, collaborative research may be fos-
tered through student internships with individuals mentored by 
both external and NEON scientists. 

Successful analyses and forecasting in fisheries science at 
broad scales amid pervasive global environmental change will 
require unprecedented scientific resources. NEON aims to be-
come a transformative tool in the ecological sciences by pro-
viding high-quality, nonproprietary, and comprehensive data 
across spatiotemporal scales beyond the capabilities of individ-
ual laboratories. The combined suite of aquatic, terrestrial, and 
atmospheric data generated by NEON will particularly enhance 
investigations of material and energy exchanges across appar-
ent ecosystem boundaries, which are increasingly recognized 
as critically important in aquatic ecosystems (Lamberti et al. 

Figure 4. Map of NEON North American domains and locations of aquatic sites in the observatory. Site 
numbers correspond to those listed in Table 1.

Figure 3. Kings Creek, a NEON candidate core aquatic and STREON site located within the Konza Prairie 
Biological Station near Manhattan, Kansas. NEON will collect population estimates of fishes, including 
(A) central stoneroller, (B) orangethroat darter, and (C) southern redbelly dace in Kings Creek for 30 
years. Additionally, data from the STREON experiment will allow any interested researcher to explore 
how populations of these fishes respond to chronic nutrient enrichment and how their extirpation might 
impact ecological processes in the benthic zone. 
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2010). To learn more about NEON, including the observatory 
structure, data products, working group members, and construc-
tion updates, please visit the NEON website (neoninc.org). 
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