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servation, and became interested in 
the graduate opportunities that would 
provide an entry to resource conser-
vation and management.  She then 
enrolled in Duke University’s Master 
of Environmental Management Pro-
gram through the Nicholas School of 
the Environment.  

Saladin spent one year on the 
Duke campus in Durham and a year 
at the Duke Marine Lab in Beaufort, 
where she worked as a research as-
sistant on Project GLOBAL (Global 
By-catch Assessment of Long-lived 
Species), volunteered as an educator 
at the N.C. Aquarium at Pine Knoll 
Shores,  and completed her master’s 
project.  The goal of her project was 
to combine GIS tracking of sea turtles 
with surveys of groups constantly on 
the water, such as fishermen and dive 
operators, to produce more accurate 

Growing up, Nicole Saladin passed 
countless hours in the woods around 
Milledgeville, Georgia, getting first-
hand knowledge of the natural world. 
“The woods seemed endless,” she 
said, “with no property boundaries.” 

She also spent many hours with 
her older brother in her father’s biol-
ogy lab, getting an up-close look at 
many forms of life. “My father had us 
dissecting fetal pigs when I was 6,” 
she said.

And, because her biology-profes-
sor father has a keen interest in evolu-
tion, she spent a memorable family 
vacation on a cruise to the Galapagos 
Islands, learning about the ecosystems 
that inspired Charles Darwin, then 
returned to the Galapagos during an 
undergraduate  study abroad experi-
ence. 

It’s no surprise, then, that when it 
came time to go to college, she chose 
one with an undergraduate research 
focus and a strong program in marine 
biology—the University of Miami in 
Coral Gables.  During her senior year, 
she became interested in sea turtles 
and upon graduation, volunteered as 
a researcher and community educa-
tor for two sea turtle projects – one in 
Grenada and one in Costa Rica.  Dur-
ing that time, and in the months that 
followed, she learned of Dr. Larry 
Crowder, Director of Duke University 
Marine Lab’s Center for Marine Con-
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information about turtles’ ranges and 
habits. What she discovered, Saladin 
said, was that user groups were dif-
ficult to engage with surveys. Instead, 
with the help of her project advisory, 
Dr. Michael Coyne, she helped devel-
op an on-line form for reporting sea 
turtle observations that is available for 
use by researchers, citizen scientists, 
and turtle enthusiasts worldwide at 
seaturtle.org.

With her master’s degree in sight, 
Saladin began applying to PhD pro-
grams. However, she said, “My expe-
rience at Duke had been multidisci-
plinary, with a focus on conservation, 
and the PhD programs I initially was 
interested in didn’t seemed to be 
interested in management and com-
munity engagement.” 

By that time, Saladin had be-
come firmly convinced that scientific 
research is necessary but not suf-
ficient to reach management goals. 
“Research is important, but we must 
apply the work. I could go to an 
island and do research but that, alone, 
doesn’t change anything.”

So, when she completed her 
master’s degree, Saladin went to 
work as an educator for the North 
Inlet Winyah Bay National Estuarine 
Research Reserve at the University 
of South Carolina’s Baruch Marine 
Field Laboratory in Georgetown. For 
the last three years she has served as 
Coastal Training Program Coordina-
tor, managing outreach and training 
activities for municipal officials, 
professional engineers, developers, 
consultants, and water authorities on 
coastal resource conservation, in-
cluding issues relating to stormwater 
management, watershed planning, 
low impact development, and water 
conservation.

In October, Dr. Michael Voil-
and, Director of WRRI,  announced  
Saladin’s selection  as Coordinator of 

Research and Outreach (CRO) for the 
Institute. 

“We are most pleased and fortu-
nate to be able to hire someone of Ni-
cole’s caliber and experience to help 
coordinate our research processes 
and outreach activities,” Voiland said. 
“Her experiences and the stakeholder 
engagement skills she has honed as 
an outreach coordinator at a National 
Estuarine Research Reserve should 
serve her —and the Institute —very 
well in the future.” 

Saladin will assist Associate 
Director for Research Dr. David 
Genereux in management of the 
Institute’s research proposal and se-
lection process, and will facilitate and 
support WRRI’s on-going relation-
ships with the Urban Water Con-
sortium, its Stormwater Group, and 
the North Carolina Water Resources 
Association. She will also oversee 
the Institute’s education and outreach 
activities such as its Annual Confer-
ence, workshops and seminars.

“We’re excited that Ms. Saladin 
is joining us, and confident she has 
the knowledge, skills, and energy to 
make a positive impact at WRRI in 
the demanding position of CRO” said 
Genereux. 

Saladin said that she is particu-
larly pleased that at WRRI she will 
have a hand in identifying manage-
ment issues and applying research 
to address those issues, as well as 
engage in strategic planning for the 
Institute’s future. 

Saladin is an avid outdoors per-
son—a hiker, biker, kayaker, snorkel-
er, and scuba diver. She is now look-
ing forward to learning rock climbing 
at NCSU’s Carmichael Gym. 

WRRI’s new Coordinator continued from page 1
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Science Advisory Board begins task of
selecting approach for ecological flow determination

and returns, data from local water supply 
plans, and ecological and instream flow 
requirements. The river basin models are 
required to be able to predict when yield 
will be inadequate to meet all needs and 
essential uses and when ecological flows 
will be adversely affected. Ecological flow 
as defined by HB 1743, is the stream flow 
necessary to support “ecological integ-
rity”—that is, “to support and maintain a 
balanced, integrated, adaptive community 
of organisms having a species composi-
tion, diversity, and functional organization 
comparable to that of the natural habitat.” 

The current regulatory
landscape
While the terms “ecological flow” and 
“ecological integrity” are new to North 
Carolina’s regulatory lexicon, the con-
cept of ecological integrity is not. North 
Carolina Administrative Code 15A 02B 
.0202 defines biological integrity as “the 
ability of an aquatic ecosystem to support 
and maintain a balanced and indigenous 
community of organisms having species 
composition, diversity, population densi-
ties and functional organization similar to 
that of reference conditions.” The North 
Carolina Administrative Code also pro-
vides that 

 the general standard for the best use of 
all waters is for “aquatic life propaga-
tion and maintenance of biological 
integrity (including fishing, and fish), 
wildlife, secondary recreation, agri-
culture, and any other usage except 
for primary recreation or as a source 
of water supply for drinking, culinary 
or food processing purposes,” (italics 
added) and 

 that “any water pollution sources that 
preclude any of the above-described 
uses are considered to be violating a 
state water quality standard.”
Therefore, reducing flows so that 





On November 8, the N.C. Division of 
Water Resources (DWR) convened the 
first meeting of a Science Advisory Board 
(SAB) tasked by the North Carolina 
legislature with selecting an approach to 
identifying “ecological flows”—that is, 
flows needed to maintain ecological integ-
rity in the state’s streams and rivers.  The 
mandate for a SAB was part of House Bill 
1743 (SL 2010-143) “An act to direct the 
Department of Environment and Natural 
Resources to develop basinwide hydro-
logic models” passed by the 2010 General 
Assembly. 

Addressing the first meeting of the 15-
member SAB, DWR Director Tom Reeder 
emphasized that, while the board’s work 
could take several years, it is only part of a 
much broader stakeholder process. 

“The task of this expert panel is to 
advise the Department of Environment and 
Natural Resources on an approach to char-
acterizing the ecology of river basins and a 
method to determine flows,” said Reeder. 
“The SAB is not a final decision maker and 
will not advise on specific flow numbers. 
Nor will this board’s recommendations 
replace site-specific studies that would be 
needed for Environmental Impact State-
ments and other such purposes.” 

Although the charge to the Ecological 
Flows SAB is limited and strictly scien-
tific, the board’s recommendations could 
be far-reaching.  Some expect that the SAB 
recommendations will eventually become 
a basis for deciding how much water needs 
to be left in streams as part of a statewide 
water allocation system.  

Although HB 1743 says nothing about 
water allocation or permitting of withdraw-
als, the scientific and technical capabilities 
that the law mandates will form the neces-
sary groundwork for water allocation. It 
requires DWR to develop river basin mod-
els that include surface and groundwater 
resources, interbasin transfers, withdrawals 

existing pollution concentrations increase 
and undermine biological integrity would 
seem to be an indirect violation of water 
quality standards that could be remedied 
by restrictions on withdrawals. (Howett 
and Rogers 2005)

However, because North Carolina has 
no water withdrawal permitting pro-
gram, there is no regulatory mechanism 
to prevent new withdrawals that would 
reduce flows below the needed volume.  
Streamflows are primarily regulated under 
the direct authority of federal laws such as 
Sections 404/401 of the Clean Water Act, 
the Endangered Species Act, the National 
Environmental Policy Act, and the Federal 
Power Act, and under authority of the N.C. 
Dam Safety Act and State Environmental 
Policy Act. Often, these laws require only 
the maintenance of minimum flows in riv-
ers and streams.  According to Jim Mead, 
DWR’s aquatic ecologist, minimum flows 
are often set very low (usually 7Q10, a 
drought level) and provide only enough 
water for survival of aquatic life during 
occasional, short-term events. In areas with 
high population growth and increasing 
water withdrawals, streams are experienc-
ing more frequent and longer periods when 
only the minimum flow is left, and aquatic 
life is suffering.

Current instream flow science
Under current scientific thinking, a regula-
tory focus on water quality standards 
alone cannot adequately protect ecological 
integrity.  Decades of study have shown 
that stream flows provide much more than 
simple pollutant dilution:

 Flow determines physical habitat, 
which in turn determines biotic com-
position.

 Aquatic species have evolved life 
strategies in response to natural flow 
regimes.





continued on page 4
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 The viability of many riverine species 
depends upon maintenance of natural 
patterns of longitudinal and lateral 
connectivity.

 Alteration of flow regimes facilitates 
the success of exotic and introduced 
species in rivers. (Bunn and Arthing-
ton 2002)
Based on these insights, the field of 

instream flow science has grown rap-
idly (Petts 2008), and many states have 
adopted or are in the process of adopting 
instream flow standards that move beyond 
the single minimum value required to 
meet a legal standard. According to the 
National Research Council (2005), the 
current trend is towards comprehensive 
river science that includes a hydrologic 
regime with seasonal and inter-annual 
variation, the biological aspects of aquatic 
and riparian ecosystems, in-channel and 
out-of-channel riverine physical pro-
cesses, and water quality considerations 
including temperature, dissolved oxygen, 
nutrient loading, and toxics. 

Establishing ecological flows
Just how to incorporate all these consid-
erations into ecological flow standards 
that can be administered across a jurisdic-
tion with varying climate, geology, soils, 
topography and resulting biotic communi-
ties in a way acceptable to stakeholders 
is a task that many states have grappled 
with. While the negative impacts of flow 
alteration have been widely documented, 
no general rules to guide setting of 
instream flow standards have emerged. 
Poff and Zimmerman (2009) reviewed 
165 studies done across the globe over the 
last four decades in an effort to determine 
if general relationships could be drawn 
from disparate case studies to help guide 
environmental flows science and manage-
ment. They concluded:





continued on page 5

Our analyses do not support the 
use of the existing global literature to 
develop general, transferable quantita-
tive relationships between flow alteration 
and ecological response; however, they do 
support the inference that flow alteration 
is associated with ecological change and 
that the risk of ecological change in-
creases with increasing magnitude of flow 
alteration.

Without “general, transferable 
quantitative relationships” it would seem 
that only site specific studies could sup-
port the establishment of ecological flow 
standards, but site specific studies are 
time consuming and expensive. In 2001, 
the Texas legislature directed several state 
agencies to “conduct studies and analyses 
to determine appropriate methodolo-
gies for determining flow conditions in 
the state rivers and streams necessary 
to support a sound ecological environ-
ment.” Studies on priority basins and bays 
were launched. However, in 2007, the 
Texas legislature recognized the need for 
quicker action and passed legislation cre-
ating an accelerated process for develop-
ing instream flow recommendations based 
on existing information. 

If general quantitative flow-response 
relationships cannot be established, and 
site-specific studies are too time consum-
ing and expensive, how, then, are ecologi-
cal flow standards to be set?  Scientists 
have suggested a number of approaches. 
According to Petts (2008) approaches are 
of two types: hydrological and habitat. 

Under the rationale that flows 
should mimic natural climate conditions, 
hydrological approaches rely on analysis 
of flow records. Flow is used as a simple 
proxy for parameters that have a key 
influence on aquatic, wetland and riparian 
habitats along the river corridor. Long 
records of stream flow are needed and, in 
highly modified systems, baseline condi-
tions may be difficult to determine. 

Habitat approaches are based on 
evidence that biological communities 
have evolved in response to flow vari-
ability, with a range of habitats available 
to different species at different locations 
(pools, riffles, runs for instance) and 
times. This approach assumes that habitat 
locations can be identified by observation 
of surface flow and verified by hydraulic 
measurements and that rating curves can 
be developed to describe changes in areas 
of suitable habitat in response to flow. 
Habitat approaches may also assume that 
if habitat for the most common species is 
preserved, the most important characteris-
tics of the ecosystem and survival condi-
tions for most of the aquatic community 
might also be preserved.

ELOHA: Combining a regional hy-
drological approach and ecologi-
cal response relationships
Building on earlier work, a number of 
leading experts in instream flow science 
recently collaborated on a framework for 
assessing environmental flow needs. The 
collaborators say that it is now possible to 
classify rivers according to ecologically 
meaningful streamflow characteristics 
and to use hydrologic modeling to esti-
mate necessary streamflows even where 
stream gauging records are lacking. In 
their framework─the ecological limits of 
hydrologic alternation (ELOHA), existing 
hydrologic and ecological data from riv-
ers within a region are used to establish 
relationships between flow alteration and 
ecological responses.  The relationships 
then become the basis for a stakeholder 
driven process of developing regional 
flow standards. (Poff 2009)

Hydrologic stream classification 
system for North Carolina
To support its ongoing river basin plan-
ning program, in 2009, DWR (with 
funding from the Environmental Defense 
Fund) contracted with Environmental 

Science Advisory continued from page 3
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Flow Specialists of Fort Collins, CO, to 
develop a hydrologic stream classification 
system specific to North Carolina. The 
project resulted in software that can be 
used to assign streams and rivers to one 
of seven perennial or intermittent classes 
with similar flow regime characteristics. 
A panel of experts convened by DWR 
then modified four of the seven classes by 
establishing two subclasses, and produc-
ing 11 classifications overall. Based on 
evidence that similar flow regimes result 
in similar biotic communities and com-
munity functioning, this classification 
system can be used with basinwide hy-
drologic models to identify flow regimes 
needed to maintain or restore ecological 
integrity in streams and rivers.  DWR 
will test the viability of the classifica-
tion system using the Neuse River Basin 
hydrologic model combined with existing 
high quality habitat modeling studies at 
two demonstration sites in the Eno River 
Basin. 

Responsibilities of the SAB
Once the SAB has agreed upon an ap-
proach to characterizing the ecology of 
river basins—whether it be hydrologic, 
habitat, or a hybrid approach—and 
identifying flow regimes that will protect 
ecological integrity, then they must agree 
on an approach for expressing the flow 
needs in a management context. 

For example, Richter (2009) has 
suggested a hydrologic approach to 
quantifying desired environmental flows 
called the Sustainable Boundary Ap-
proach. This approach would link water 
management to maintaining a semblance 
of natural (baseline) conditions by setting 
the degree of allowable flow alteration. A 
precautionary approach, the Sustainable 
Boundary Approach, would set only the 
magnitude of flow rather than complex, 
multi-parameter, seasonally varying flow 
prescriptions. The advantage of this ap-
proach is that it is easier to implement. 

A related approach developed and continued on page 6

used widely in South Africa is called the 
Downstream Response to Imposed Flow 
Transformation (DRIFT). The basis of the 
DRIFT method is a classification system 
that describes different levels of ecologi-
cal health and the associated degree of 
allowed flow alteration. This approach 
makes implications of management deci-
sions explicit. (Postel and Richter 2003) A 
similar system has just been proposed for 
the state of Connecticut. 

Other approaches cited by DWR 
include setting the threshold for allowable 
withdrawals as the amount that results in 
a change in the hydrologic stream clas-
sification, and setting a flow target that 
varies seasonally or monthly and allowing 
some variation within bounds above and 
below the target. Other approaches may 
emerge as the SAB reviews studies and 
deliberates. 

Public input
It may take several years for the SAB to 
do its work and DWR to develop the first 
river basin model that incorporates eco-
logical flow prediction.  However, when 
models start rolling off the assembly line, 
the public will have opportunities to re-
view the models and make comments. SL 
2010-143 requires that the N.C. Environ-
mental Management Commission review 
and approve all models and that public 
comment be part of the EMC review. By 
November 2011, DWR must report to the 
General Assembly on how long it will 
take to complete all models and incorpo-
rate ecological flows. 

Meetings of the Ecological Flows 
SAB are open to the public and meeting 
times and places will be posted on the 
DWR website at: http://www.ncwater.
org/Data_and_Modeling/eflows/index.
php?tabid=1 Presentations made to the 
SAB, materials that the SAB reviews, 
summaries of meetings, and recordings 
of meetings will also be posted on the 
website. An announcement will be sent to 
the WRRI electronic listserv when new 

materials are posted. A listing of SAB 
members and materials and a recording 
from the November 8 meeting are 
currently available. 

Resources
Bunn SE, and A.H. Arthington. 2002. 
Basic principles and ecological 
consequences of altered flow 
regimes for aquatic biodiversity. 
Environmental Management 30: 4. 
http://www.springerlink.com/content/
4nlc8ulhabgdppq5/

Connecticut Department of 
Environmental Protection Proposed 
Stream Flow Standards and Regulations 
website: http://www.ct.gov/dep/cwp/
view.asp?a=2719&q=434018&depNav
_GID=1654

Howett, Cinnat M. and Gilbert 
W. Rogers. 2005. “Legal Issues 
Surrounding Stream Flow in Georgia.” 
Proceedings of the 2005 Georgia Water 
Resources Conference, held April 25-
27, 2005, at The University of Georgia. 
Kathryn J. Hatcher, editor, Institute of 
Ecology, The University of Georgia, 
Athens, Georgia. http://www.uga.
edu/water/GWRC/Papers/HowettC-
GWRCpaper%20revised.pdf

National Research Council Committee 
on Review of Methods for Establishing 
Instream Flows for Texas Rivers 
(2005). The Science of Instream 
Flows: A Review of the Texas Instream 
Flow Program. http://www.nap.edu/
catalog/11197.html

Petts, Geoffrey E. (2008) “Instream-
Flow Science for Sustainable River 
Management.” Paper presented at 
FLOW 2008: Interdisciplinary Solutions 
to Instream Flow Problems. http://rush-
ingrivers.org/webtestimony/exhibit5.pdf

Poff, N. LeRoy, Brian D. Richter, Angela 
H. Arthington, Stuart E. Bunn, Robert J. 
Naiman, Eloise Kendy, Mike Acreman, 
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Reckhow to help guide RTI
International’s global water strategy
After thirty years of teaching and 
research at Duke University─seven 
of which he also served as director of 
WRRI—Dr. Kenneth Reckhow has 
joined RTI International (Research 
Triangle Institute) where he will play a 
key role in the realization of RTI’s global 
water strategy. 

In developing a strategic direction 
for its water programs, RTI will benefit 
from Reckhow’s unique combination of 
expertise in Bayesian statistics and ap-
plication of Bayesian approaches to deal 
with uncertain information in making de-
cisions about water quality and ecological 
problems. He has collaborated on the 
development of a Bayesian probability 
network to recommend a nitrogen TMDL 
for the Neuse River, a Bayesian model 
to predict benthic oxygen demand from 
organic matter loading in estuaries and 
costal zones, a Bayesian network model 
to assess drought indicators for lake 
management, and Bayesian analysis to 
model phosphorus trapping in Everglades 
wetlands, among other applications. 

His recognized expertise in uncer-
tainty analysis for ecological applications 
has led to his selection for numerous sci-
entific panels and committees, including 

chair of the National Research Council 
Committee to Assess the Scientific Basis 
of the Total Maximum Daily Load Ap-
proach to Water Pollution Reduction and 
member of the Committee on Restoration 
of the Greater Everglades Ecosystem. He 
currently chairs the National Research 
Council’s Committee on Evaluation of 
Chesapeake Bay Program Implementa-
tion for Nutrient Reduction to Improve 
Water Quality and has just been selected 
as a member of the EPA Science Advi-
sory Board’s Review Panel on Nutri-
ent Criteria for Florida’s Estuarine and 
Coastal Waters, and Southern Canals 
- Methods and Approaches for Deriving 
Numeric Approaches.

At RTI he will bring this expertise to 
collaborative projects involving modeling 
and decision analysis for environmental 
management and to his role as a thought 
leader and principal investigator.

Reckhow said the opportunity to 
work in an environment where there is 
ample support for investigators, the abil-
ity to collaborate on large projects, and 
the prospect of offering new directions 
in environmental research persuaded 
him to retire from teaching and focus on 
research.  

He said that his long involvement in 
scientific panels evaluating efforts at eco-
system restoration has suggested to him 
an emerging question for environmental 
management efforts: Have we set water 
quality standards we can’t meet without 
enormous lifestyle changes that people 
are unlikely to accept? He cited restora-
tion efforts in the Chesapeake Bay and 
Lake Okeechobee where millions of dol-
lars  have been spent with only marginal 
improvement. He suggested that the same 
might be true of nearby Falls Lake . 

Reckhow hinted at a possible direc-
tion for future research with the ques-
tions: Shouldn’t sustainability analysis 
include an assessment of the relationship 
between our lifestyle expectations and 
our water quality expectations? How is 
water use and enjoyment affected if we 
fall short of our water quality  standards? 

He brings his ideas for future direc-
tions in ecosystem management to RTI as 
chief scientist for the Water and Ecosys-
tem Management Program in the Global 
Climate Change and Environmental Sci-
ences Unit.  As Duke Professor Emeri-
tus, he continues to advise his current 
doctoral students.

Colin Apse, Brian P. Bledsoe, Mary C. 
Freeman, James Henriksen, Robert B. 
Jacobson, Jonathan G. Kennen, David 
M. Merritt, Jay H. O’Keeffe, Julian 
D. Olden, Kevin Rogers, Rebecca E. 
Tharme, and Andrew Warner. (original-
ly published 2009) “The ecological lim-
its of hydrologic alteration (ELOHA): a 
new framework for developing regional 
environmental flow standards.” Fresh-
water Biology 55:1, pages 147–170, 
January 2010. 

More information about ELOHA is at 
http://conserveonline.org/workspaces/
eloha and http://www.nature.org/



initiatives/freshwater/files/eloha_final_
single_page_low_res.pdf

Poff, N. LeRoy and Julie K.H. 
Zimmerman. (Originally published 
2009). “Ecological responses to altered 
flow regimes: a literature review to 
inform the science and management 
of environmental flows.” Freshwater 
Biology 55:1, pages 194–205, January 
2010. http://onlinelibrary.wiley.com/
doi/10.1111/j.1365-2427.2009.02272.
x/full

Postel, Sandra and Brian Richter. 2003. 
Rivers for Life: Managing Water for 
People and Nature. Island Press. Wash-





ington, DC.

Richter, Brian D. (2009) “Re-thinking 
Environmental Flows: From Allocations 
and Reserves to Sustainability Boundar-
ies.” River Research and Applications. 
26:8, pages 1052-1063. Published on-
line by Wiley http://onlinelibrary.wiley.
com/doi/10.1002/rra.1320/abstract

Texas Commission on Environmental 
Quality Environmental Flows Rulemaking 
website: http://tceq.net/permitting/water_
supply/water_rights/eflows/rulemaking

Texas WaterMatters website: http://www.
texaswatermatters.org/flows.htm
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Researchers say stormwater limits
effectiveness of urban stream restorations
To get the most benefit from the 
many expensive urban stream resto-
ration projects going on across the 
state, communities need to stop chan-
neling polluted stormwater directly 
into streams. So say researchers at 
UNC-Greensboro who spent a year 
monitoring restored and unrestored 
urban stream reaches along North 
and South Buffalo Creeks in Guilford 
County.  They point out that stream 
restoration projects undertaken as 
mitigation for impacts elsewhere are 
expected to restore ecological func-
tion. However, they say, their re-
search shows that restoration projects 
have done little to restore biological 
communities. 

Over a four-season period in 
2002-2003, the investigators mea-
sured water quality parameters and 
macroinvertebrates at five 100-me-
ter reaches including restored sites 
chosen for their restoration status. 
At three additional sites—a refer-
ence stream, a restored reach, and 
an unrestored reach of North Buf-
falo Creek─they also conducted 15N 
enrichment experiments to evaluate 
nitrogen uptake into periphyton and 
incorporation into the macroinverte-
brate community. 

The investigators seasonally mea-
sured temperature; dissolved oxygen 
(DO) in surface water and in the 
groundwater-surface water mixing 
(hyporheic) zone; and phosphate, am-
monium and nitrate concentrations at 
the restored sites and their upstream 
and downstream reaches. 

There was no significant differ-
ence in temperature between the re-
stored and unrestored reaches across 
the study period. Surface water and 
hyporheic water DO concentra-
tions were higher within the restored 
reaches than in the unrestored reaches 

across the study period. There were 
no significant differences in phos-
phate and ammonium surface water 
concentrations between the restored 
and unrestored sites, but nitrate con-
centrations were significantly lower in 
restored sites than in unrestored sites 
across the study period. 

The investigators conducted both 
stovepipe and sweep-net sampling at 
all five reaches. They determined taxa 
richness and densities and used the 
North Carolina Biotic Index to apply 
tolerance values. NCBI scores for 
restored sites were Fair, and unre-
stored sites varied from Good-Fair 
to Fair. They say their finding that, 
in spite of physical habitat improve-
ments including riffle pools and more 
appropriate substrate, similar commu-
nities (mostly tolerant) in restored and 
unrestored sites suggests that urban 
impacts are overriding the local site 
improvements of restoration. 

 To study uptake of ammonium 
and movement of algal-derived 
nitrogen into the dominant primary 
consumers in the food web, the inves-
tigators conducted 15N tracer addition 
experiments in 500-meter reaches 
of a forested reference stream and 
in restored and unrestored reaches 
of North Buffalo Creek during four 
weeks of August – September of 
2004. Base flow conditions prevailed 
for most of the period. In each reach, 
they selected a 15N addition site for 
its mixing potential and for presence 
of multiple riffles downstream. They 
established nine sampling stations 
at riffles downstream of the addition 
sites where they collected periphy-
ton, leaf detritus, suspended fine 
particulate organic matter (FPOM), 
fine benthic organic matter (FBOM) 
and dominant consumers on a weekly 
basis.

The investigators say that rela-
tive rates of 15N uptake by periphyton 
indicate that nitrate concentrations 
were lower in restored reaches than 
in unrestored reaches, suggesting that 
restoration is having a positive effect 
on retention of dissolved inorganic 
nitrogen. Restoration of the process-
ing of DIN is important for restoring 
water quality, they say. However, they 
found that transport of particulate 
matter was disproportionately long in 
the restored reach, indicating that the 
restoration of channel morphometry 
was inadequate. They recommend 
that design of restoration project in-
clude channel meanders to help retain 
particulate matter. 

While their research indicates that 
restoration of urban stream reaches 
they studied appears to be improving 
water quality in terms of dissolved 
oxygen, reduced nitrate concentra-
tions and increased uptake of ammo-
nium, the researchers conclude: “The 
limited evidence of restoration in the 
macroinvertebrate communituy shows 
that the streams are still degraded. 
The fact that stormwater pipes bypass 
the filtering capability of the restored 
riparian zones means that nutrients, 
sediments and contaminants carried 
within stormwarter continue to reach 
the stream.” 

Evaluation of Ecological 
Function in Restored Urban Streams. 
Anne E. Hershey, Erin Lynam, and 
Heather Rushforth. Department of 
Biology, UNC-Greensboro. Report 
No. 372 of The University of North 
Carolina Water Resources Research 
Institute. April, 2008. http://www.lib.
ncsu.edu/resolver/1840.4/2005
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Research reveals negative consequences
of flooding former agricultural fields for wetlands restoration
One of the objectives of restoring 
wetlands drained for agricultural use is 
to restore the biogeochemical functions 
that convert reactive nitrogen to inert 
gases and mediate retention of phos-
phorus. However, there is evidence to 
suggest that flooding agricultural fields 
could enhance nitrogen removal but 
increase phosphorus export if phospho-
rus is desorbed from soil minerals. In 
2007, researchers at Duke University’s 
Nicholas School set out to understand 
if North Carolina’s largest wetlands 
mitigation bank is a sink or source 
of nitrogen and phosphorus to down-
stream ecosystems in its first year of 
hydrologic reconnection. 

The Timberlake wetlands restora-
tion project, located in Tyrrell County, 
is a 4,000-acre compensatory mitiga-
tion site comprising lands drained 
for agricultural production, as well 
as formerly logged and un-impacted 
swamp forests that will be hydrologi-
cally connected to the restored areas. 
The project is one of the largest pri-
vately owned mitigation banks on the 
East Coast and is the largest restoration 
project in North Carolina.  Within the 
site, a 1,000-acre former agricultural 
field is being converted into riverine 
wetland, with ditches filled, canals 
plugged and 750,000 live saplings 
planted. In February 2007, a down-
stream gate-pump system was removed 
as the final step in reinstating the 
wind-tide driven hydrologic regime. 
In fall 2007, a diesel pump station was 
installed in the southern end of Tim-
berlake Farm to divert water from an 
upstream farm during high precipita-
tion. This causes Timberlake Farm to 
receive large volumes of water with 
high levels of inorganic nitrogen and 
phosphorus during heavy rainfalls.

Timberlake Farm has been heavily 
instrumented by the owner to facili-

tate independent scientific research. 
One-hundred-forty groundwater 
wells installed across the agricultural 
field─seventy with datalogging water 
level recorders─provide for a highly 
refined model of ground and surface 
water heights throughout the site.  Flow 
monitoring devices and autosamplers 
continuously monitor flow onto and 
off the field and sample during impor-
tant hydrologic events. In addition, the 
investigators installed piezometers and 
lysimeters, redox probes, soil moisture 
probes and soil thermocouples along 
five sampling transects. These intensive 
sampling points span the hydrologic 
gradient across the field and provide a 
unique view of the environmental driv-
ers of denitrification and phosphorus 
sorption. Soil cores taken within each 
transect were used to create sediment 
phosphorus adsorption isotherms and 
determine denitrification potential. 

The same nutrient pools and envi-
ronmental drivers measured at Timber-
lake Farm were also measured at three 
additional sites instrumented by the 
investigators: currently farmed lands 
upstream of Timberlake Farm, and two 
minimally impacted reference wetlands 
sites in the same drainage basin. These 
measurements allowed comparison of 
nitrogen and phosphorus cycling in the 
Timberlake Farm restoration site to the 
pre-restoration state and the post-resto-
ration goal. 

The investigators determined that:
 In the first year since re-flooding, 
the Timberlake site retained 48% of 
the surface water inputs of dissolved 
inorganic nitrogen and 83% of total 
inputs (including rainfall).  How-
ever, they say, there is evidence that 
20-40% of the measured “retention” 
is being released to the atmosphere 
as nitrous oxide, a greenhouse gas. 
High and highly variable rates of 



methane and carbon dioxide are also 
being emitted from the restored site.
 The site was a source of phosphorus 
in the first year, with an increase in 
phosphorus export after flooding. 
Phosphorus dynamics appear to be 
controlled by both hydrologic (fre-
quency of flooding) and geochemi-
cal (concentrations of aluminum 
and iron) factors. Across all sites, 
oxalate extractable aluminum was 
the best predictor of phosphorus 
sorption capacity.
 Probably because of dry conditions, 
estimated denitrification potentials 
were low across all sites in June 
2007. Denitrification potentials in 
the Timberlake site were not signifi-
cantly different from the agricultural 
field, while both reference wetlands 
sites had significantly higher denitri-
fication potentials. Highly variable 
rates of denitrification suggest that 
more than one environmental vari-
able is driving the transformations. 
The authors says that ultimately, 

transforming an agricultural field into a 
large, shallow, riverine wetland should 
shift the site from a net source to a net 
sink of nitrogen and phosphorus, but 
the rate of change and the magnitude 
of the water quality impact are difficult 
to predict. Their ongoing work focuses 
on developing modeling approaches to 
determine the relative contribution of 
environmental drivers on denitrification 
and emissions of carbon dioxide and 
methane. 

Water Quality Impacts of NC’s Largest 
Wetlands Mitigation Bank. Emily S. 
Bernhardt, Marcelo Ardón, and Jennifer 
Morse. Report No. 386 of The University of 
North Carolina Water Resources Research 
Institute. May 2008. http://repository.lib.
ncsu.edu/dr/handle/1840.4/4116
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Executive Order 70 
aimed at “setting 
government straight”
In October 2010 Governor Beverly 
Perdue issued Executive Order No. 70 
“Rules Modification and Improvement 
Program.” The order applies to all 
cabinet agencies, and boards and 
commissions with rulemaking powers 
within cabinet agencies.

Among other things, the order 
requires that agencies adopt rules only 
when required by federal or state law 
or when deemed necessary to serve the 
public interest and that agencies en-
courage public comment and involve-
ment by publishing new rule actions 
and rule analysis and fiscal notes 
online. Agency heads must certify that 
a fiscal note and rule analysis have 
been completed and submit them to 
the Office of State Budget and Man-
agement 60 days before publication of 
the rule. Agencies are directed to not 
ask OSBM to prepare a fiscal note and 
rule analysis until they have exhausted 
all resources internal and external to 
prepare the analyses themselves. In ad-
dition, OSBM is directed to coordinate 
and oversee a rules modification and 
improvement program under which 
agencies must review existing rules to 
identify any that are unnecessary, un-
duly burdensome or inconsistent with 
the goals of the order.

OSBM is also directed to 
invite comment on existing rules, 
implementation processes and 
associated requirements that are 
unnecessary, unduly burdensome or 
inconsistent with goals of the order. 
Comments on rules may be submitted 
at: http://www.governor.state.nc.us/
forms/setGovernmentStraight.aspx

2011 WRRI Annual Conference:
Exploring Water Resource Needs, Benefits and 

Services in North Carolina
 

NCWRA Symposium:
Implementing the Falls Lake Nutrient Management 

Strategy: Challenges and Opportunities

March 22-23, 2011
Jane S. McKimmon Center, Raleigh, NC

Exploring Water Resource Needs, Benefits, and Services in North 
Carolina	will	be	the	focus	of	the	2011	Water	Resources	Research	
Institute	Annual	Conference	–	North	Carolina’s	premier	water	re-
search	conference.		From	the	opening	session	on	March	22nd	to	
the	conclusion	with	the	Progress	Energy	Water	Resources	Seminar	
on	March	23rd,	key	issues,	opportunities,	and	questions	about	
North	Carolina’s	water	resources	will	be	addressed	with	over	40	
presentations	by	university	and	corporate	researchers,	students,	
local,	state,	and	federal	government	agency	representatives,	
and	environmental	professionals.	

The NC Water Resources Association	will	again	be	a	key	partner	
in	convening	the	conference,	with	the	NCWRA	annual	sympo-
sium	being	an	integral	element	of	the	conference	program.		The	
symposium,	“Implementing	the	Falls	Lake	Nutrient	Management	
Strategy:	Challenges	and	Opportunities”,	will	focus	on	the	impli-
cations	of	one	of	the	most	ambitious	nutrient	management	strat-
egies	ever	advanced	by	a	state.		The	strategy	has	far-reaching	
implications	for	the	management	of	land	and	water	resources	
in	existing	communities,	as	well	as	how	we	develop	future	com-
munities.  The costs could be astounding, but the benefits may 
include	fundamental	shifts	in	how	we	manage	the	impacts	of	our	
built	environments	and	protect	our	vital	resources.

More	information	available	at:
http://www.ncsu.edu/wrri/conference/index.html

Upcoming Events
North Carolina Water Resources Association Forum

Monday,	February	7,	2011
What You Need to Know about the NC Phase I and Phase II MS4 Programs

Speaker:	Mike	Randall,	NCDENR	DWQ,	Stormwater	Permitting	Unit

Information	and	registration	at:
http://www.ncsu.edu/wrri/events/ncwra/index.html


