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Ecological Flows Framework for North Carolina’s Coastal Region

i _ i intai ical i i i Anadramous Fish _ _ | | | . . . N . Ll
ECOlOglcal ﬂOW O-r eco-flow is the flow necessary to maintain eCOlOglc-al Integrity. In accordance with state . pa | _ ' ITnar?;%i:tLin_ @gaséct;z: ﬁgftmr;?oﬁﬁiufﬁmfgz%ﬁemﬁﬁT:Z?émqg'cr,zgzrﬁiﬁﬁgepf}'gf;r::ttiELeETguazgr'ez?anerlaﬁm;noci%si Fishes Typok)gy classifications were consolidated by removing characteristics with insufficient
law and anticipation of future withdrawals, the NC Department of Environment and Natural Resources egional economic an | ' dataianciie e AR i ricant dislhctions. The finalitnoloo i e e R
(DENR) is in the process of identifying eco-flows for the state. DENR’s Ecological Flows Scientific Adviso ecological importance Species Salinity (ppt) femperature(C) _DissoliedOxygen (il ueew (cm/s) = | YPOOdY Provi

! te. _ _ g ROy . Wid " ; Adult [Spawn/Egg| Adult [ spawn/Egs | Adult [spawn/egg| spawning | the recommended determinants and assessment assemblages for estimating coastal stream
Board tasked a group of coastal stream experts from universities, private industry, and government agencies, I0€ geograpnic area - o5 | 110 s | o oo | llslow | reach eco-flows (Table 2)
. - - . . L . ewire = 3 .
known as the Coastal Ecological Flows Work Group (CEFWG), with identifying approaches for modeling over litespan — RIE 2 011520 et Origin: R e Classification:
eco-flows NC’s Coastal Plain (figure 1). * Many species reside In e [S]0-18  [S]0-18 | [S]10-30 [S]13.0-26 [ [S]>5 [S]30-90 : : .
idal Waterwavs sha Medium _Gradient, Non-tidal
tida y Blueback [S] 0-22 [S] 14-26 [O] strong shag
, : . _ [S] 0-5 [S] >5
Coastal Plain o  Available habitat herring [0] 0-2 [0] 20-24 current — | PiedmoniiiE o — T B T > sand
Elevation SNTETT Striped [S] 12-24 [S] 30.5-500 ! mud
Value IS:l:Itab_Illty n:Odte:tS bass FIE L il I il W (o) || e [0] 100-200 | riffle
| [—th ow |mp0r ant 10r - Yellow (] 0-13 (] 0-2 (] 6-30 [S] 55 Goasial ™ -
spawning & maturation,  [perch Stream —
R - « Roanoke River links rg'ct: [S15-18  [S]0-2 | [S]10-30 [S]12-20 | [S]>5 RS : Low Gradient, Non-tidal
v - - il | floodplain swamp
35 E nab '_tat Su;j[aﬁlhty to flow ittll‘gifizn' [S]0to>30 [S]0-5 |[S]0to>30 [S]11-20 —_— i snag
> 5% g ¢ : I_Vledium Y QeSIder-]t IS and Sturgeon, — B | | . - sand
N \/ Vegetatlon aISO AN [S]0to>30 [S]0-5 |[S]Oto>30 [S]5-15 mud
SUL F- _ . — backwater
A > K considered BRI Sultaole;ancliGlE Optimtin submerged aquatic vegetation
Kilometers 4 - - Lower
| I | S . :
0 50 100 1 g - - Coastal Plain
! - Typology Refined via Spatial Data  Thresholds:
4 - Low ) . Tidal Freshwater
B e A R RN TRIS 11 M ap with CoastallPlain SOy AralOUined e FEvaluated characteristics & classifications *  Medium/Low Slope: 2.5 mm/m (0.25%) DISCHARGE-STAGE-HABITAT Eszgplalnswamp
Coastal Ecological Flows using GIS resources (see examples below) » Tidal influence: <1 m above sea level APP R O sand
. d
- i » Upper/Lower Coastal Plain: Suffolk Scarp o
idal i - it i :  NC DENR: Water Quality Classifications FRESHWATER, DISCHARGE-STAGE- backwater
Due to tidal influence and tail water conditions common to the region, coastal stream flow Is often y B A == O DI et A RN L

independent of stage, invalidating a fundamental concept of traditional eco-flow models. A relative lack of (salt waters, swamp waters) Insufficient Data: Characteristics Eliminated APPLY: DISCHARGE CONTROLS

Iong-term and s_paﬂally distributed flow records impede characterlzatlo_n _of r_eglonal flow regimes. Unique . US Fish & Wildlife Service: National . Tide Driver: Wind vs. Lunar SALT WATER INTRUSION
regIOnaI eCOIO_gIes aISO developed fI‘Om natur_al Water quallty Ch_araCte“StICS In!:erdependent Wlth TIOW’ SUCh o9 We'[landS Inventory (tldal, frESh Watel‘) ° Condition' Uandlfled VS En ineered Figure 6 — Final Coastal Stream Reach Characteristic and Classification Typology
low pH and dissolved oxygen, saltwater gradients, and higher dissolved organic carbon. Developing a ' =9 .
framework for classifying stream reaches serves as the first step for determining regional eco-flows. The » USGS: National Elevation Dataset (reach » Blackwater/Brownwater Recommendations
CEFWG,S framework development process iS presented here. SIOpES), National Hyd rography Da'[aset (reaCh ° Saltwater Withdrawal impaCtS Table 2 — Recommended Eco-Flow (EF) Determinants and Assessment Assemblages based on Final Typology for Coastal Stream Reach Eco-Flows
paths) Relevant EF Determinants Assemblages for EF Assessment
Origin Slope Gradient EFSAB  Discharge & Downstream Overbank | Anadramous Resident _
Framework Development - _ 2 Extension Habitat Salinity Flow Fish Fish Vegetation
. . . D . . B ¥Z(;n Srzltnwa::x:f:m - e Piedmont Medium (>0.25%) X X X X
The 1nitial typology (figure 2) was developed from the CEFWG’s knowledge and studies of distinguishing - T S y Upper Coastal Plain _ Medium (> 0.25%) x . y v
ecological characteristics and classifications across the region. Habitats were assigned to each classification. — oo, % g Non T S Upper Coastal Plain  Low ( <2.5 mm/m) X X X X X
3 Lower Coastal Plain  Low ( <2.5 mm/m) X X X ) X
Origin: Location: Tide Effect: Classification: LoweriEpastal Plai niEe RIS EE i A X X
* Slope: , 4 -f‘f»':,.
—»{ Low Al Essential continuing efforts for Coastal Streams moving forward:
- Upper R ocodpilain swamp, shag, sand, mud, backwaler, 1 ‘).: ik ‘ | | | |
Coastal Plain e ——— ‘ o o  Determine relationship of discharge patterns and stream flow
™ Piedmont -~~~ 1 snag, sand, mud, riffle (57 L/ ; . )
! TP > \ * Assess inland extent of tidal influence
Coastal : endition. : — ] A
ggzzr:ls ! —lUnmodified Hzgdﬁ?aﬂsﬁ:]r:?::: T ¥y -~ a3 3 * ldentify critical water quality indicators for juvenile species
o - - »»{Non-Tidal _— ’ e B Ar ; - L . P
Laasa . non-tidal, engineered (channelized., ditched) | R A _ . Lo / | '\ * Further definition of hydrologic characteristics in each stream reach
Plain _."'Engmeere’d snag sand. mud. backwater SAV Figure 3 — NC DENR “swamp waters” classified stream reaches (estimate of “blackwater”) Figure 4 — Coastal reach origin, tidal influence, and saltwater classification (DENR)
Salinity: * Determine baseline flow regimes in respective basins
Condition: Tide Driver: : : :
— st SRR [ ynmodified, wind-dominated tides, fresh » Inventory and account for current and projected withdrawal and discharge rates
— : _ floodplain swamp, snag, sand, mud, backwater, SA Slope mm/m -
CoasialB ——{Wind - — N e Coastal Ecological Flow Work Group (Coauthors):
Unmodified, wind-dominated tides. oligohaline —— CP Origin Medium Slope, >= 2.51 mm/m
CP Origin Low Slope <= 2.5 mm/m a u i ) ] _
b —— BN, Snag, sand, mud, backwater o TR ) s A | Robert Christian (chair), East Carolina University
Unmodified, lunar-dominated tides, fresh o VR e Sl 2 bl Eban Bean, East Carolina University
[ unar B Wamp, snag. SAEaUd, backwalenna \C‘fgwn iy s S0 o DA Dean Carpenter, Albemarle Pamlico National Estuary Partnership
»{Tidal Unmodified, lunar-dominated tides. oligohaline | .-f-a;’s;,%u\“ Scott Ensign, AquACo .
emergent vegetation, snag, sand, mud, backwater b@i}?;’%bfg 7 ‘Lﬂ Michael Griffin, East Carolina University fi LIINC
Engineered. wind-dominated tides. fresh %&j}%?\\ Kevin Hart, North Carolina Division of Marine Fisheries S=> | INSTITUTE OF
DISCHARGE-STAGE-HABITAT . snag, sand, mud, backwater, SAV P ﬁ.%fﬁiﬁfﬁﬁ; ‘._‘Ir_\_;._?'f,_l fukes J Michael O DI'ISCOH, East Carolina UanerSIty
APPROACH MAY APPLY (VI Enagineered. wind-dominated tides. oligohaline Ry T L LS AR f Michael Piehler, University of North Carolina, Institute for Marine Sciences
. = : B9 (i‘:ﬂ}‘: "‘j’,} Ao ) e _‘;' \ "\. ﬁ,“"’ I I I I NORTH CAROLINA
emergentvegetation, snag, sand, mud, backwate G f:M WA Jupllth Ratcliffe, I_\Iorth Carol!na Natural Herlta_ge Progra_lm | Natural &b #
£ o S = e A, Fritz Rohde, National Oceanic and Atmospheric Administration Heritage "('/ |
’ K i Engineered. lunar-dominated tides, fresh (7B Bennett Wynne, North Carolina Wildlife Resources Commission Program [N/ |
APPLY; DISCHARGE CONTROLS —>Lunar _ _ _ _ _ T . . .
SALT WATER INTRUSION Engineered, lunar-dominated tides, oligonaline A _— e East Carolina Umversﬁ)’
emergent vegetation, snag, sand, mud, backwate 3 B " F &> . m CENTENNIAL
Figure 2 — Initial Coastal Stream Reach Characteristic and Classification Typology ] =% 30 109

RESOURCES @‘“’H NATIONAL OCEANIC AND
V NOAA ATMOSPHERIC ADMINISTRATION
{““‘1.. _“_“:'

Figure 5 — Stream reach classifications by origin, slope (+/- 2.5 mm/m), and tidal (<1 m asl) influence.




