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Environmental Flows
• Master Variable: streamflow

 
– amount, frequency, 

 and duration
– Velocity
– Depth

• Influences: 
– Geomorphology –

 
sediment movement, changes in stream 

 morphology
– Water Quality –

 
reaeration, dissolved oxygen, 

 temperature, TSS etc.
– Biology –

 
instream habitat vs. flow

• Spawning
• Rearing
• Adult Habitat
• Migration and spawning cues
• Connectivity to riparian zones, wetlands, oxbows
• Drift (food, larvae)



Brief History of Instream Flow 
 Methods

• Early efforts – standard setting and resulting 
 desktop methods (single value endpoint, 

 usually minimum flows) –
 

1970s to present

• Instream Flow Incremental Methodology 
 (IFIM) – process that includes habitat 

 suitability curves (HSC), habitat models (cover, 
 depth, velocity) vs. flow + water quality –

 establish multiple endpoints (1980s‐
 

present)



IHA
– Recognizes the natural flow paradigm, i.e. natural flows are 

 variable and exhibit seasonal and annual patterns that on the long 

 run appear to provide important components that support life 

 history needs of organisms, protect water quality, transport 

 sediment, and enable active channel processes. 
– Addresses the need for identification and development of flow 

 regimes that mimic and are close to the natural hydrology pattern 

 (see: Instream Flow Council Policy Statement – a state of the art 

 approach). 
– IHA/HEFR addresses TIFP flow targets directly (Reviewed by NAS).
– Intended to allow river managers to set interim targets until more 

 definitive studies can be done to refine initial target flow regimes. 

 Designed to be used/refined with additional data if needed.
– Fairly easy to use; approach gaining wider support (e.g. mimic 

 natural hydrograph for restoration – e.g. Trinity River, CA).  139 

 recent citations of use.  
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Stalnaker et al. 1995. Instream Flow Incremental Method Primer.
Bovee et ak, 1998. Stream Habitat Analysis using the instream flow incremental method




NAS (2005) Science of Instream Flows

• “Hydrology and Hydraulics. The convention of 
 instream flow science is changing from developing a 

 single, minimum flow or “flat‐line”
 

flow to a range of 
 flows that account for seasonal and inter‐annual 

 variation, magnitude, timing, frequency, and rate of 
 change (IFC, 2002; Poff

 
et al., 1997; Postel

 
and 

 Richter, 2003). These hydrologic attributes translate 
 into different levels of flow: subsistence flows, base 
 flows, high flow pulses, and overbank flows This 

 range of flows is referred to as a flow regime.”
 

pg. 
 33



Components of Natural Hydrology

TIFP 2008



Trinity and San Jacinto River Fishes

• Galveston Bay drainage has common faunal 
 relationships with the Sabine Lake (86%), 

 Calcasieu (86%)  and Brazos River (84%)1
 

.  

• During recent literature review we found 97% 
 similarity in inland fish fauna between Trinity 

 and San Jacinto Basins

1 Conner and Suttkus (1986)



Focal Fish Species

Similar lists developed for mussels, main factor affecting these species is dessication; some fish species serve as hosts for them.

COMMON NAME
Watershed 
Focal Spp.

Trophic, Reproductive, 
tolerance Guilds

BioWest (2009) Habitat 
Guilds

BioWest (2009) 
Habitat Guilds - 
juveniles

white bass TR
Predator, Open Sub. 
Spawner Deep Pools

alligator gar TR
Predator, tolerant, Open 
and Nest Spawn Floodplain/Oxbows

longnose gar SJR
Predator, tolerant, Open 
and Nest Spawn Floodplain/Oxbows

pallid shiner SJR
Invertivore, Open 
substratum Spawner Floodplain/Oxbows

ribbon shiner SJR
Invertivore, Open 
substratum Spawner Deep Pools

blacktail redhorse SJR
Invertivore, Open 
substratum Spawner Floodplain/Oxbows

blackspot shiner TR&SJR
Invertivore, Open 
substratum Spawner Deep Runs

silverband shiner TR
Invertivore, Open 
substratum Spawner Riffles

freshwater drum TR
Mainly invertivore, tolerant, 
open and nest spawner Deep Runs

longear sunfish TR invertivore, nest spawner
Shallow 
Pools/Backwater

paddlefish TR
mainly invertivore, 
intolerant, open spawner Deep Runs

creek chubsucker SJR omnivore, open spawner Floodplain/Oxbows
goldstripe darter SJR invertivore, intolerant Shallow Runs
freckled madtom SJR invertivore, intolerant Riffles

dusky darter TR/SJR
invertivore, intolerantbrood 
hiders mainly Riffles

blue catfish TR predator, nest spawners Floodplain/Oxbows

largemouth bass TR predator, nest spawners
Shallow 
Pools/Backwater

flathead catfish SJR predator, nest spawners Deep Runs Riffles



Focal Species Distribution – examples 
 Percina

 
sciera

Dusky darter



Focal Species Distribution – examples 
 Percina

 
sciera



Percina
 

sciera
 

–
 

dusky darter SJR/TR
 Riffle guild



Percina
 

sciera
 

–
 

dusky darter SJR/TR
• Fluvial specialist associated with the free‐flowing 
• Most common over gravel or gravel and sand 

 raceways; occupying midwater
 

stratum; often found 
 in current in accumulations of branches and leaves 

• Seasonality: Spawning season in the Colorado River 
 near Austin is from February through June over 

 gravelly substrates.

• Spawning and mesohabitat requirements indicate a 
 preference for shallow gravel, rock riffles near base 
 flows.

Presenter
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Largemouth Bass
 TR and SJR focal spp.

 Shallow pool/backwater

• Micropterus
 

salmoides
 

(largemouth bass)
• Widespread in Trinity and San Jacinto River
• Optimal current velocities for fry are < 4 

 cm/sec; fry cannot tolerate current velocities 
 > 27 cm/sec

• Seasonality: Spawning season late winter to 
 early spring with water temperatures 16‐22` C

• HEP models available for flow related criteria 
 (e.g. water level fluctuation during spawning)



Spotted Gar 
 SJR Focal Species

 Oxbow/Floodplain dep.
• Lepisosteus

 
oculatus

 
(spotted gar)

• Robertson et al 2008, and Winemiller et al 2000, found Spotted gar 

 to be more abundant in proximity to floodplain habitats (oxbows).
• The nature of oxbow formation and succession requires sufficient 

 flow to connect the river with the floodplain habitats to allow access 

 of spotted gar to these habitats.
• Spotted gars prefer backwater/floodplain habitats for reproduction. 

 They spawn in submerged living/dead plants and prefer the slack 

 waters found in backwater and floodplain habitats.
• Spring spawning in quiet, weedy backwaters.
• Spring flow pulses needed to allow access to backwaters
• NOTE Alligator Gar similar life history on Trinity River (focal spp)



White Bass
Morone chrysops
TR Focal spp
Deep Pools



White Bass 
• The spawning season extends from  mid‐March to 

 late May 

• Open substratum spawners
 

and phytolithophils
 (nonobligatory plant spawner

 
that deposit eggs on 

 submerged items) 

• Spawning usually occurs in small tributary streams or 
 wave‐swept points or shoals within reservoirs. 

• The net movement during these spawning runs 
 occurs from either large rivers or reservoirs into 
 small streams for spawning. 



HEP Model – White Bass



Flow Plants

Benefits Costs 

Subsistence Flow Allows plants to reach physiological peak 
and peak photosynthesis in summer and 
fall.  Water intolerant  plants can colonize  
river margins. 

Extended subsistence flow can cause 
morbidity and mortality.  Plants needing 
wet habitats may be crowded out by 
plants less tolerant of wet conditions. 
Upland plants can move into the higher 
floodplain zones. Exotics can infiltrate. 

Dry Base Flow Same as above.  Also sustains bank soil 
moisture. Important for germination of 
certain species including cypress .

Same as above. Also sustains bank soil 
moisture. 

Normal Base Flow Same as Dry Base Flow but supports 
plants at higher elevations

If too long may cause plant communities 
to shift to more wet intolerant species 
and increase exotics. 

Wet Base Flow Increases bank storage and avails water 
for the riparian zone 

May drown herbaceous aquatic plants in 
riparian zone. 

Pulse Flows Increase bank storage to higher elevations 
and frequency and duration inhibits 
certain species from colonizing more 
water tolerate plant communities.  For 
example cypress-tupelo-gum community.  
Restores moisture into tributaries and 
isolated bodies sustaining the structure 
and composition of the plant community.  
Important for seed dispersal and 
germination of certain species. 

If too frequent and too persistent during 
the summer or fall, certain plants in the 
higher floodplain may drown. 

Overbank Flows Restores isolated water bodies and 
tributaries.  Brings in sediments and 
nutrients.  Important for dispersal. 

If duration is too long in summer and/or 
fall, can drown vegetation 



Flow Non- Fish Vertebrates especially wetland dependent birds

Benefits Costs 

Subsistence Flow Concentrates prey that colonized isolated 
water bodies in pulse and overbank flows 
and within river channel. Important 
especially to wading birds in the summer 
and fall – during reproduction and after 
fledging takes place for juveniles.  
Droughts are bottlenecks but can be 
beneficial for some species

If too long can cause and lead to  
morbidity and mortality.  If it occurs in 
winter and spring can lead to future food 
shortages the following year inhibiting 
reproduction.  If too frequent can lead to 
reductions in food source reproduction 
and thus future abundance.  In spring and 
summer allows predators access to nests.

.Dry Base Flow Same function as above.  However does 
provide more foraging habitat within 
river channel. 

Same function as above. 

Normal Base Flow May increase shallow water areas for 
forage species.

Disperses prey

Wet Base Flow Increases prey species on riverbank edge 
and in shallows.  Benefits longer legged 
species such as great blue heron.

Further disperses prey

Pulse Flows Colonization of isolated water bodies by 
fish and macroinvertebrates.  Increase 
habitat in tributaries.  Flooding in winter 
and spring isolates nesting sites form 
predators.  Maintains preferred plant  
community  for nesting.

If they occur in summer and fall will 
dilute prey and increase mortality of 
juveniles.  Drown nesting vegetation.  
For certain species may destroy nests and 
young.

Overbank Flows Restores isolated bodies and tributaries.  
Brings future prey into isolated water 
bodies. 

Duration too long in summer and/or fall 
can drown nesting vegetation, nests and 
young and dilute prey which can lead to 
increased mortality.



Geographic Scope
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Hydrologic Analysis
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Subsistence 
Flows (cfs)

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Dry Q = Peak Flows (cfs)
Subsistence V = Volume (ac‐ft)

Winter Spring Summer Fall

Hydrologic 
Conditions

Wet
High Flow Pulse 
Characteristics

F = Frequency (per season)
Average D = Duration (days)

265

196 280 70 101

Base Flows (cfs)
1110 1398 682

340 458 257

819
623 820 411 439

Overbank 
Flows

Q: 24,600 cfs with Frequency 1 per 2 years
Volume is 626,471
Duration is 26

High Flow 
Pulses

Q: 15,000 cfs with Frequency 2 per year
Volume is 326,119
Duration is 18

Q: 11,200 cfs with 
Frequency 1 per season

Volume is 257,289
Duration is 14

Q: 15,700 cfs with Frequency 1 per 
season

Volume is 362,910
Duration is 19

Q: 2,930 cfs with Frequency 
1 per season

Volume is 26,246
Duration is 5

Q: 3,050 cfs with 
Frequency 1 per 

season
Volume is 39,239
Duration is 5

Q: 3,200 cfs with Frequency 
2 per season

Volume is 18,931
Duration is 5

Q: 7,840 cfs with Frequency 2 per 
season

Volume is 141,705
Duration is 11

Q: 1,180 cfs with Frequency 
2 per season

Volume is 4,866
Duration is 2

Trinity River near Oakwood

Presenter
Presentation Notes
Run HEFR �alternative frequency based approach and seasons modified as described above
Set episodic events �1 per 2 year magnitude equal to overbank estimate (after checking to be sure it is less that calculated 1 in 2 year event)
Replace HEFR subsistence �with 5th percentile flow (note Dallas and Carrolton 5th percentile flow equal to zero replaced with Grand Prairie values)
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Number of Instream Flow Regime Components�Subsistence, Base, High flow Pulse, Overbank 
Hydrologic/Climatic Condition�Dry, Average, Wet
Assignment Period�Spring – (March –Jun)�Summer – (July – Sep)�Fall – (Oct-Nov)�Winter – (Dec-Feb)
Delineation of High Flow Pulse and Overbank Flow Components�Primarily focused on magnitude and duration though volume also included in recommendation
Subsistence Flows Less Than 7Q2�5th percentile flow
Daily Average versus Instantaneous Flow Data�Daily average
Overbank Recommendations�Derived primarily from data obtained from the National Weather Service (NWS) flood stage



1/1/24 1/1/24 1/1/89
Oakwood 12/31/08 12/31/64 12/31/08

Whole period of record Pre‐development period Modern (post) period
Sub Dry Avg Wet Sub Dry Avg Wet Sub Dry Avg Wet Sub Dry Avg Wet

Winter 196 340 623 1,110 2% 7% 16% 33% 5% 15% 28% 42% * * * 16%
Spring 280 458 820 1,398 2% 6% 14% 27% 5% 11% 21% 34% * * 1% 15%
Summer 70 257 411 682 2% 15% 25% 43% 5% 31% 47% 64% * * * 1%
Fall 101 265 439 819 2% 13% 21% 44% 5% 27% 43% 59% * * * 13%

2% 10% 19% 37% 5% 21% 35% 50% * * * 11%

1/1/40 1/1/40 1/1/74
Conroe 12/31/08 12/31/73 12/31/08

Whole period of record Pre‐development period Modern (post) period
Sub Dry Avg Wet Sub Dry Avg Wet Sub Dry Avg Wet Sub Dry Avg Wet

Winter 23 36 58 111 3% 10% 19% 35% 5% 11% 24% 39% 0% 8% 15% 32%
Spring 24 37 56 88 3% 14% 28% 44% 5% 13% 26% 42% 2% 15% 30% 46%
Summer 9 18 26 38 2% 20% 40% 59% 5% 33% 51% 68% * 7% 29% 50%
Fall 9 22 29 47 3% 18% 31% 49% 5% 29% 43% 58% 0% 7% 21% 41%

3% 15% 30% 47% 5% 22% 36% 52% * 9% 24% 42%

* Flows this low have never occurred in the Modern (post) period

Attainment Frequencies

Presenter
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682 cfs, wet base
Gage ht = 5.6 ft
39%tile preimpact

1,180 cfs, low pulse
Gage ht = 7.4 ft
52%tile preimpact

2,930 cfs, medium pulse
Gage ht = 11.0 ft
69%tile preimpact

Trinity River at Oakwood
Aug 19, 1985, flow=641 cfs



Trinity River at Oakwood
 Aug 19, 1985, flow=641 cfs

682 cfs, wet base
Gage ht = 5.6 ft
39%tile preimpact

1,180 cfs, low pulse
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2,930 cfs, medium pulse
Gage ht = 11.0 ft
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Trinity River at Oakwood
 Aug 19, 1985, flow=641 cfs



Trinity River at Romayor
 December 7, 1984, 7,700 cfs(?, however the flow doesn’t look like 

 7,700 cfs, Joe’s spreadsheet of daily average flows)



Trinity River at Romayor
 December 7, 1984, 7,700 cfs(?, however the flow doesn’t look like 

 7,700 cfs, Joe’s spreadsheet of daily average flows)



Paddlefish





Paddlefish (T. River focal)
 Deep Runs

• Trinity River historically 
 (some sightings in 

 1940s SJR)
• Stocking in 1990s
• Recent sightings and 

 collection downstream 
 of Livingston

• Protected species
• At risk throughout most 

 of its range



Paddlefish

• Open water spawner, filter feeder, adults found in 
 deep runs

• Inhabits slow‐flowing water of large rivers, usually in 
 water deeper than 1.3 m. Feeds on plankton. The 

 extended upper jaw (= paddle) may help to channel 
 plankton into the mouth. Fish larger than 22.5 cm SL 
 are indiscriminate tow‐net filter feeders on plankton, 
 while young paddlefish are selective plankton 

 feeders
• Long lived slow growing, up to 55 years old, mature 

 6‐9 years. Average size 120 cm.

(Pitman 1991).



Paddlefish

• Reductions in numbers probably caused by 1) blockage of 

 migration routes in the mainstem rivers, 2) elimination of 

 shoals used for spawning, and/or 3) disruption of the natural 

 high flow pulse regime by dams. 
• Elimination of appropriate late‐winter to early spring high 

 flow pulses interferes with spawning cues, access and/or 

 availability of spawning habitats (shoals located in upper 

 reaches of the mainstems), transport of fertilized and eggs 

 and larvae, and connectivity of the river channel with 

 productive backwater habitats used for zooplankton feeding 

 by juveniles and adults. 

(Pitman 1991).



Paddlefish

(Winemiller et al. 2005) – Big Cypress Bayou.



Paddlefish

(Hubert et al. 1984) – published HEP model



HEP Model
LM BASS





Instream Flow Methods

• Newer Desktop methods –
 

definition of 
 natural hydrograph (assumes sufficient flows 

 provided for all organism life history and river 
 needs) e.g. IHA (late 1990s – present)

• Holistic methods – in depth ecosystem 
 analysis with supporting biological, water 

 quality and geomorphic studies/analyses, 
 including process based models compliment 

 this approach (e.g. water quality models).  
 Limited to recent years. 



Historical Hydrology – min, max, little ecology

e.g. Historical 
hydrograph IHA

Expert Input: Hydro & Biology; 
Build Block Flow-Habitat- 

Fish Models: 
e.g. PHABSIM



Approaches: Another Classification

• Standard Setting Methods (desktop and field)
– Tenant Method – based on observations in Montana: habitat vs. flow 

 
duration

– Lyons Method – TX (Oct‐Feb 40% of median flow, 60% rest of year) –

 
Guadalupe River.

– Wetted Perimeter – observe creek at different flows and look for 

 
inflection points in habitat at various flows (focus on riffles)

• Instream Flow Incremental Method:
– Physical Habitat Species Curve Models

• Species and river specific
• Species Guilds
• Off the shelf models

• Geomorphology (desktop in part)
– Implicit –

 

functional flow, geomorphology, fish habitat
– Natural Hydrograph



USGS Stalnaker et al. 1995.

* MINIMUM FLOWS USUALLY OBJECTIVE



Instream Flow Tools

• Standard Setting – e.g. Tennant, Wetted 
 Perimeter, etc. 12 reported

• Incremental – e.g. PHABSIM, MESOHABSIM, 
 etc. 14 reported

• Monitoring/Diagnostic – IHA, IBI, RVA, fish 
 community assessments, 7Q10

 

‐
 

8 reported

Instream Flow Council 2004 – pg 133

Presenter
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RVA = range of variability 



Instream Flow Tools

• Hydrologic Desktop Models – IHA, HAT 
 (USGS), Tennant, Lyons

• Hydraulic Models  ‐
 

wetted perimeter, etc.

• Habitat Models – IFIM, PHABIM, MesoHabsim, 
 expensive, time

• Holistic models – ecosystem assessment, 
 multidisplinary

 
consensus – expensive, time

Winemiller et al. 2008 (TRG) 2008 – Review of Desktop Methods

Presenter
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Summary
• Flow Habitat Models 

– data intensive, require hydrology, habitat measures, fish 

 life history and habitat utilization data
– Directly answers questions regarding instream flow needs 

 for target aquatic organisms, but may miss other species
– Does not address impacts on/role of species interactions 

 (e.g. predation, competition) 

• Desktop Models (e.g. IHA). 
– Relatively easy, little additional data collection needed
– Assumes organisms have evolved to natural hydrology
– Integrates geomorphology by definition
– Requires good record of hydrology (before, after etc).
– Precautionary by definition –

 
preserve natural hydrograph

– How much flow and historical signature do you protect???
– Level of deviation allowed??



NAS 2005



Components of Natural Hydrology

Sabine Neches Biological Overlay 2009

 

 
 
Figure 1.  Habitat availability curves for seven fish habitat guilds in the lower Colorado River, 

Texas derived from recent instream flows research by BIO-WEST (2008a). 



Trinity River, California. 



Trinity and San Jacinto River

• Each with History of poor water quality, fish 
 kills (1960‐70s)

• Extensive modification (reservoirs, dams).  
 Trinity most fragmented system in TX.

• Increasing base/low flows (wastewater 
 effluent, urbanization)

• Pre‐impact periods most likely exhibited much 
 lower flows. 



Trinity and San Jacinto River
• Trinity River –

 
17,969 sq. miles, highly fragmented – 21 major 

 reservoirs, 5 ecoregions

 
(plains, wooded, coastal prairie), 

 highly urbanized in upper portion

• The San Jacinto River Basin comprises 3,962 total square 

 miles spanning two distinct zones divided by Lake Houston. 

 The watershed upstream of Lake Houston comprises 2,837 

 square miles, mostly piney woods. The watershed 

 downstream of Lake Houston comprises 1,125 square miles 

 and includes Brays Bayou, Buffalo Bayou, White Oak Bayou 

 and Greens Bayou as well as the lower reach of the San 

 Jacinto River, mostly coastal prairie.

• Highly urbanized in lower portion 



Both approaches have merit. not exclusive of each other

• Flow Habitat Models   
– Rich literature/methodology, accepted methods but not 

 without critics (warmwater
 

vs. coldwater)
– expensive but directly addresses questions about 

 organisms needs.
– Which organisms to use?
– Community impacts (use of guilds, indicator spp?) 
– Transferability of criteria? 
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Stalnaker et al. 1995. Instream Flow Incremental Method Primer.
Bovee et ak, 1998. Stream Habitat Analysis using the instream flow incremental method




SPECIES COMMON NAME FAMILY Trophic Tolerance
Balon 
Level 1

TPWD 
Focal 
Spp.

Guillen 
Revised 
Cluster Guillen Revised Guild

BioWest (2009) 
Guilds

BioWest (2009) 
Guilds - 
juveniles

Morone chrysops white bass Moronidae P N A1 TR 2
Predator, Open Sub. 
Spawner Deep Pools

Atractosteus spatula alligator gar Lepisosteidae P T A1 TR 4
Predator, tolerant, Open and 
Nest Spawn Floodplain/Oxbows

Lepisosteus osseus longnose gar Lepisosteidae P T A1 SJR 4
Predator, tolerant, Open and 
Nest Spawn Floodplain/Oxbows

Hybopsis amnis pallid shiner Cyprinidae IF N A1 SJR 5
Invertivore, Open substratum 
Spawner Floodplain/Oxbows

Lythrurus fumeus ribbon shiner Cyprinidae IF N A1 SJR 5
Invertivore, Open substratum 
Spawner Deep Pools

Moxostoma poecilurum blacktail redhorse Catostomidae IF N A1 SJR 5
Invertivore, Open substratum 
Spawner Floodplain/Oxbows

Notropis atrocaudalis blackspot shiner Cyprinidae IF N A1 TR&SJR 5
Invertivore, Open substratum 
Spawner Deep Runs

Notropis shumardi silverband shiner Cyprinidae IF N A1 TR 5
Invertivore, Open substratum 
Spawner Riffles

Aplondinotus grunniens freshwater drum Sciaenidae IF T A1 TR 7
Mainly invertivore, tolerant, 
open and nest spawner Deep Runs

Lepomis megalotis longear sunfish Centrarchidae IF N B2 TR 9 invertivore, nest spawner
Shallow 
Pools/Backwater

Polyodon spathula paddlefish Polyodontidae O I A1 TR 10
mainly invertivore, intolerant, 
open spawner Deep Runs

Erimyzon oblongus creek chubsucker Catostomidae O N A1 SJR 11 omnivore, open spawner Floodplain/Oxbows
Etheostoma parvipinne goldstripe darter Percidae IF I B1 SJR 12 invertivore, intolerant Shallow Runs
Noturus nocturnus freckled madtom Ictaluridae IF I B2 SJR 12 invertivore, intolerant Riffles

Percina sciera dusky darter Percidae IF I A2 TR/SJR 13
invertivore, intolerantbrood 
hiders mainly Riffles

Ictalurus furcatus blue catfish Ictaluridae P N B2 TR 14 predator, nest spawners Floodplain/Oxbows

Micropterus salmoides largemouth bass Centrarchidae P N B2 TR 14 predator, nest spawners
Shallow 
Pools/Backwater

Pylodictis olivaris flathead catfish Ictaluridae P N B2 SJR 14 predator, nest spawners Deep Runs Riffles

Focal Fish Species

NOTE: Similar lists developed for mussels, main factor affecting these species is 
dessication; some fish species serve as hosts for them.
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