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Susquehanna Ecosystem Flow Study

WRDA 729 study with cost share between Susquehanna 
River Basin Commission & USACE

SRBC with regulatory authority in basin; updating 
consumptive use program & passby guidance (20% ADF or 
PA “Trout Model”) with new desktop approach

TNC using elements of the “Savannah Process” and the 
ELOHA framework as contractor to SRBC

Major project elements:
– Identify flow-sensitive species, communities, and 

habitats through literature review
– Complete basinwide assessment of flow alteration
– Relate flow alteration to potential ecological 

response
– Develop ecosystem flow recommendations

March 2009 - April 2010



Initial Process (Literature Review)

1. Orientation workshop & follow-up

2. Draft species lists (using state, federal, Natural Heritage data)

3. Focused literature review on species traits, needs, sensitivities

4. Aggregate species into groups with similar flow-sensitivities & 
linked to habitat classification

5. Develop hydro-ecology diagrams for major types

6. Circulate information before Flow-Ecology Workshop



DEFINING TRAITS: FISHES

Targeted life history traits & examined flow sensitivity: 

- body size 
- fecundity 
- home range
- habitat associations
- feeding habit
- flow-velocity tolerances

Vadas and Orth 2000; Frimpong and 
Angermeier, in review; Walsh et al 2007

American shad, Alosa sapidissima

illustrations by Ted Walke, PFBC

Longnose dace,
Rhinichthys cataractae



FISHES

Cold headwater – Brook 
trout and Cottus spp.

Above: Instream Flow Studies PA and MD, 
1998, Pub 191

Right: Hudy et al 2005



Riffle-obligates –
Margined madtom, longnose 
dace, central stoneroller, 
northern hog sucker, fantail 
darter 

Riffle-associates – White 
sucker, shorthead redhorse

FISHES



FISHES

Nest-builders – Fallfish, 
creek chub, river chub, 
redbreast sunfish, 
smallmouth bass



FISHES

Migratory – American 
shad, alewife, American 
eel



MUSSELS

Targeted life history traits: 

- host-specificity
- longevity 
- habitat associations
- velocity associations
- reproductive traits 

- spawning, 
- glochidia release 
- brooding length 

Source: Texas Parks and Wildlife



MUSSELS

Primarily riverine – Green 
floater, elktoe, brook floater, 
creeper

Facultative riverine – Yellow 
lampmussel, triangle floater, 
eastern lampmussel, eastern 
elliptio

Primarily lentic – White 
heelsplitter, eastern floater, 
cylindrical papershell

Strayer, D.L. and A.R. Fetterman. 1999 Changes in 
the Distribution of Mussels in the Upper 
Susquehanna River Basin 



AQUATIC INSECTS
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Pool      
 

           - Present in habitat;  - Common in habitat; - Abundant in habitat 

Ephemeroptera- Isonychiidae

Trichoptera- Glossosomatidae

Odonata- Gomphidae



AQUATIC and RIPARIAN VEGETATION

Emergent bed
water willow  
lizard’s tail

Herbaceous 
willow-indian grass

Scrub/shrub 
speckled alder riverine shrubland 
sycamore-mixed hardwood riverine shrubland 
river birch-mixed hardwood riverine shrubland 
silver maple-mixed hardwood riverine shrubland 
black willow-mixed hardwood riverine shrubland

Floodplain forest
sycamore, 
sycamore-mixed hardwood, 
silver maple, 
silver maple-mixed hardwood, 
green ash-mixed hardwood

Perles et al 2004, Podniesinski and Wagner 2002



Flow-Ecology Diagrams:  

• Illustration of relationship between species life stages and seasonal 

hydrologic conditions, including seasonal & inter-annual variability









Life History Summaries for Flow Workshop



Linking species groups with system types:  Example 
of warm headwater and small streams

Fishes

– Riffle obligate 
– Riffle associate (spawning)
– Nest builders 
– Migratory – Eels (juvenile)

Mussels

Aquatic insects





Susquehanna Flow-Ecology Hypothesis Workshop: 
October 2009

Goals:
– draft hypotheses about the relationships between flow 

and the most sensitive species, ecosystems, and 
physical processes in the Susquehanna River 
watershed using professional experience and 
workshop materials

– prioritize additional information to include in a draft 
summary report

– identify analyses that would support development of 
flow recommendations

33 participants, 2 day, facilitated process



Elements of a Flow Recommendation

Goal: to develop quantitative flow recommendations that include: 
• Specific location
• Time period
• Flow magnitude (range)
• Frequency and duration of event
• Related ecosystem function

• Focus on species of particular sensitivity to flow alteration 
across species groups
• Ensure representation of flow components (low flows, 
floods, etc)
• Ensure representation of seasons



Elements of a flow hypothesis from 

Workshop

Who Species or group of species

What Flow magnitude or event

When Month or season

Where Habitat type 

Why / how Ecological response

Goal: to develop quantitative flow recommendations 
that include:



Example hypothesis 

During the summer months, central stoneroller, 
margined madtom, northern hog sucker, and fantail 
darter require flows that maintain swift to moderate 
current riffle/run habitats.

If the magnitude of summer flows is reduced, available 
riffle habitat may be reduced limiting juvenile and 
adult growth. 



During the summer months, central stoneroller, 
margined madtom, northern hog sucker, and fantail 
darter require flows that maintain swift to moderate 
current riffle/run habitats.

If the magnitude of summer flows is reduced, available 
riffle habitat may be reduced limiting juvenile and 
adult growth. 

Who     What     When     Where     Why/How

Example hypothesis



Hypotheses from Workshop Process



Susquehanna Ecological Flow Study Process: Next 
Steps

Confirming and finalizing hypotheses –
– Data does not exist to “test” all hypotheses, yet several types of information sources will be 

used to confirm that these hypotheses reflect the needs of aquatic species in the Basin.  
– Will provide as much basis as possible to support each hypothesis, indicate gaps, and 

confirm/revise at final workshop

Draft flow recommendations –
– Use qualitative flow hypotheses to develop draft flow recommendations that include the 

range of flows needed to sustain species and communities within the basin
– Will draft recommendations that include acceptable ranges of values of a series of flow 

statistics representing flow magnitude and the frequency, duration, and rate of change of flow 
conditions. Review & refinement at next workshop. 

Complete Summary Report -
– Documents results of literature review and workshops and is reviewed by participants

Deliver to SRBC for use in regulatory program


