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Large Warmwater Rivers 
 

 
 
 

 
Photo by NHFG 

 
 

Kilometers in NH: 412 km 

Acres of Shoreline within a 100m Buffer Protected: 

    1140 ac 

Percent Buffer Protected: 6% 
 
 
 
 

 
Habitat Distribution Map 

 
Habitat Description 

 

Large warmwater rivers are defined as having watersheds greater than 1,000 square miles and an 
average bankfull width of over 250 feet (Anderson 2013). In New Hampshire, two rivers have been 
grouped into this category: the Merrimack River and the Connecticut River, downstream of the 
confluence with the Upper Ammonoosuc River. Large warmwater rivers alternate between 
meandering river channels flowing through broad flood plain valleys and more confined sections 
flowing over boulders and rocky ledges. These rivers support a diverse array of both aquatic and 
terrestrial species. Large warmwater rivers are important habitat for many diadromous fish species, 
which migrate in large numbers from the ocean to spawn or live in freshwater. Erosion, ice scour, 
sediment deposition, and periodic flooding caused by large warmwater rivers creates unique habitat 
features such as floodplain forests, sandy bluffs, and cobble bars. These habitats support a number of 
species of concern, including the state endangered cobblestone tiger beetle and the bank swallow. 

 
Justification (Reason for Concern in NH) 

 

Large warmwater rivers support a wide range of both aquatic and terrestrial species, from bald 
eagles to swamp darters. They connect upland habitats with the Atlantic Ocean, and each year 
diadromous fish species provide an abundant influx of marine derived nutrients and energy to 
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predators that forage in freshwater. Their broad floodplains act as migration corridors for birds and 
large mammals. Large warmwater rivers have been centers of human activity for centuries and they 
have suffered widespread habitat degradation from dams, development, and agriculture. 

 
Protection and Regulatory Status 

 
Regulatory Protections:  
Comprehensive Shoreland Protection Act – NHDES 
Clean Water Act-Section 404 

 

Regulatory Comments: Dams have a major impact on large warmwater river habitat. They are 
regulated by the Federal Energy Regulatory Commission (FERC), which requires mitigation for impacts 
to the ecological functions of the river, including fish passage. 

 
Management Guidelines 

 

‐ Work through the FERC dam relicensing process to build or improve fish passage at dams and reduce 
impacts of water level fluctuations on upstream and downstream habitat. 
‐ Reduce infrastructure and development in the floodplains and along the shorelines of large 
warmwater rivers. 
‐ Increase riparian buffers along the river in agricultural zones and decrease the use of fertilizers and 
pesticides. 
‐ Avoid river bank armoring and restore the natural sinuosity of the river channel where possible. 

 
Distribution and Research 

 
 

Relative Health of Populations 
 

Large warmwater rivers once supported an incredible abundance of diadromous fish species, which 
migrated from the ocean each spring. Most of these species were extirpated by dams built in the 
1800's. Over the past three decades, fish passage facilities have restored access for diadromous fish 
species to portions of their historical range. Although some populations have increased, they remain 
at a small fraction of their former abundance. Dams also alter normal flow regimes, which impacts 
resident aquatic species. Improvements in fish passage and more natural water level fluctuations 
have the potential to improve the quality of large warmwater river habitat. River channel 
straightening, bank armoring, and infrastructure built in the floodplain has reduced the natural 
sinuosity and river bank characteristics of much of this habitat type in New Hampshire. 

 
 
 

Habitat Condition 
 

A set of GIS data was used to assess ecological condition of each habitat type. Chapter 3 describes the 
methodology. The data used for this habitat is described below.  
 
River and Stream Reaches in each of four Very High Quality categories  
Minimum Linear Connectivity Length met: Functional Network Length >= 10 miles for all systems 
except for tidal headwaters and creeks which have naturally small network lengths and any functional 
network length was acceptable.  
Low Riparian Development and Agriculture Impacts: Riparian index score <= 25  
No dam on reach and upstream dam water storage volume as percent of mean annual flow <10%  
Low Impervious surface < 2%  
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Condition assessment completed by The Nature Conservancy 

 
Threats to this Habitat in NH 
Threat rankings were calculated by groups of taxonomic or habitat experts using a multistep process (details in Chapter 4). 
Each threat was ranked for these factors: Spatial Extent, Severity, Immediacy, Certainty, and Reversibility (ability to address 
the threat). These combined scores produced one overall threat score. Only threats that received a “medium” or “high” score 
have accompanying text in this profile. Threats that have a low spatial extent, are unlikely to occur in the next ten years, or 
there is uncertainty in the data will be ranked lower due to these factors. 

 
Habitat impacts from fragmentation due to impassable dams (Threat Rank: High)   

 

Dams restrict access to freshwater habitat for diadromous fish species, which were once a major 
component of large river ecosystems. 

 
Populations of all diadromous fish species in the Connecticut and Merrimack Rivers are well below 
their historical abundance before dams were constructed in the 1800's (Noon 2003). 

 
Habitat degradation from altered flow regimes due to water level management (Threat Rank: High)   

 

Water level fluctuations at dams on large warmwater rivers are usually related to hydropower 
generation. Rapid changes in flow, either increasing or decreasing, may impact both resident and 
migratory species at critical phases of their life cycles. Changes in flow alter the availability and quality 
of spawning habitat for fish, both upstream and downstream of the dam. Varying levels of attraction 
flows at fishways influence the effectiveness of fish passage at a dam. The state endangered 
cobblestone tiger beetle depends on exposed cobble bars that form upstream of islands in large 
warmwater rivers. This habitat may become inundated by unnatural increases in flow caused by water 
releases at upstream dams. 

 
A number of proposed studies are currently investigating the influence of fluctuating river flows on 
aquatic species and habitat in the Connecticut River as part of the relicensing process for the dams 
owned by the TransCanada Corporation. 

 

Habitat degradation from point source pollution (Threat Rank: Medium)   
 

Industrial pollutants and pollution from untreated wastewater have been greatly reduced since the 
passage of the Clean Water Act. However, there are still isolated areas such as superfund sites or 
combined sewer overflows (CSO's) where pollutants continue to enter aquatic habitats at known 
locations. 

 
There are 23 Superfund sites and 33 CSO's in New Hampshire (NHDES 2008; NHDES 2012). These sites 
are carefully monitored with long term plans for reducing their environmental impact. CSO's were 
cited as one of the major contributors to poor water quality following rain events in the Merrimack 
River watershed (USACE 2006). 

 

Habitat degradation and impacts from aquatic herbicide application (Threat Rank: Medium)   
 
 

Habitat degradation from power plant effluent causing thermal pollution (Threat Rank: Medium)   
 

Increased temperatures from power plant effluent may influence local species composition and affect 
the spawning success of migratory fish species. 

 
Effluent from the Bow Powerplant continues to be discharged into the Merrimack River, but the  
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decommissioning of the Vermont Yankee Nuclear Power Plant has reduced concerns for heated 
effluent in the Connecticut River. Sprankle (2013) provides a detailed summary of concerns related to 
heated effluent in a large river system. 

 

Habitat degradation from stormwater run‐off from impervious surfaces (Threat Rank: Medium)   
 

Stormwater runoff from impervious surfaces changes the hydrology of local rivers and streams. 
Flashier flows cause an increase in erosion and sediment deposition along stream banks and in the 
stream channel. More surface flow leads to a decrease in groundwater infiltration, which results in 
lower base flows during dry periods. Oil based pollutants, sediment, and road salt are washed from 
roads and parking lots into surrounding waterbodies which can lead to chronic declines in water 
quality. 

 
The impacts of impervious land cover on aquatic habitats have been well documented (Wang et al. 
2001; Cuffney et al. 2010; Stranko et al. 2008). Runoff from urban areas was identified as one of the 
major sources of pollution in a watershed assessment of the Merrimack River (USACE 2006). 

 

Habitat degradation from stormwater run‐off from impervious surfaces (Threat Rank: Medium)   
 

Stormwater runoff from impervious surfaces changes the hydrology of local rivers and streams. 
Flashier flows cause an increase in erosion and sediment deposition along stream banks and in the 
stream channel. More surface flow leads to a decrease in groundwater infiltration, which results in 
lower base flows during dry periods. 

 
The impacts of impervious land cover on aquatic habitats have been well documented (Wang et al. 
2001; Cuffney et al. 2010; Stranko et al. 2008). 

 
Habitat degradation from agricultural run‐off (Threat Rank: Medium)   

 

Pesticides, herbicides, and fertilizers wash into aquatic habitats from agricultural fields, which are 
often located in the fertile floodplains of medium to large size rivers. Agricultural practices can also 
lead to increased turbidity, bank erosion, and sediment deposition in adjacent aquatic habitats. The 
degradation of water quality in watersheds with a high proportion of agricultural land use can be toxic 
to many aquatic species. 

 
The influence of landuse on aquatic habitats within a watershed has been well documented (Allan 
2004). The most obvious influences of agricultural activity are found along the Connecticut and 
Merrimack Rivers, where minimal to nonexistent vegetated buffers along the river bank have 
contributed to bank erosion, sedimentation, and nutrient loading. 

 

Habitat impacts from introduced animal species (Threat Rank: Medium)   
 

Introduced species may alter the species composition of aquatic ecosystems through direct 
competition or by altering habitat conditions. 

 
The Asian clam, which has been introduced into a number of waterbodies in NH, may impact aquatic 
food webs by consuming large quantities of phytoplankton (Souza et al. 2008). A long history of 
introduced fish species has altered the species composition in most New Hampshire lakes and rivers 
(Noon 2003). 
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Habitat impacts from increased flood damage (Threat Rank: Medium)   
 

Changes in flow conditions due to climate change may alter seasonal flow patterns as well as the 
intensity and frequency of flood events. Increased water temperature can increase mortality or 
restrict the seasonal movements of native aquatic species and also shift community assemblages. 

 
Damage to aquatic habitats from increased flooding is exacerbated by human activity (Poff 2002). 
Efforts to protect infrastructure and property in floodplains, by installing armoring and diversion 
structures, have increased ecological damage to river and stream habitat during recent floods in New 
Hampshire. 

 

Habitat impacts from flood control or erosion control (Threat Rank: Medium)   
 

River and stream habitat is frequently altered in an effort to control or prevent flood damage to local 
infrastructure. Channel straightening, bank armoring, berm construction, and other practices result in 
a confined stream channel that no longer has access to floodplain habitat. These practices result in a 
loss of important habitat features, such as undercut banks, large in‐stream wood, and streamside 
vegetation. While achieving the goal of protecting infrastructure at one location, these practices often 
exacerbate flooding downstream. Often done in response to recent flooding, river and stream bank 
modifications are rarely completed according to a long term plan that attempts to combine river 
restoration and flood prevention. Efforts to address flood damage should be evaluated at the 
watershed level. 

 
The Connecticut and Merrimack Rivers have been highly altered due to river bank armoring, channel 
straightening, and flood control projects. 

 

 

List of Lower Ranking Threats: 
 

Habitat impacts from wastewater treatment sites and associated unmonitored contaminants 
 

Habitat impacts from mercury toxicity 
 

Habitat degradation from run‐off pollution (pesticides) 
 

Habitat degradation from excess nutrients from fertilizer and run‐off 

Habitat degradation from excess nutrients due to septic systems 

Habitat degradation from acid deposition 

Habitat degradation due to invasive or introduced plants 
 

Habitat impacts from various diseases and parasites 
 

Habitat degradation from water withdrawal for irrigation, public water supply, or commercial use 
 

Habitat impacts from unsuitable water temperatures that disturb species life cycles 
 

Habitat degradation due to shoreline development 
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Actions to benefit this Habitat in NH 

 

Improve fish passage at dams   
 

Primary Threat Addressed: Habitat impacts from fragmentation due to impassable dams 
 

Specific Threat (IUCN Threat Levels): Natural system modifications 
 

Objective: 

Construct, maintain, and monitor fishways at dams that currently limit access to suitable freshwater 
habitat for diadromous fish. 

 

General Strategy: 

At sites where dam removal is not an option, fish passage construction can improve connectivity 
between freshwater and marine habitats. Fish passage construction may be negotiated during the 
Federal Energy Regulatory Commission (FERC) dam relicensing process. Fish passage engineers with 
the USFWS are available to assist with designing the appropriate fishway for a particular site, 
depending on the needs of the species and the size of the dam (among other factors). At some sites 
outside of FERC jurisdiction, funding may have to come from other sources. Once installed, there 
should be a plan for fish passage operation, maintenance, and monitoring. Identifying the party 
responsible for each aspect of fishway operation is critical for maintaining effective passage over the 
long term. Periodic performance evaluations should also be completed at each fishway to ensure 
that fish are moving efficiently through the project without excessive delays. 

 

 

Political Location: Watershed Location: 
 
 

River and stream habitat restoration   
 

Primary Threat Addressed: Habitat impacts from flood control or erosion control 
 

Specific Threat (IUCN Threat Levels): Residential & commercial development 
 

Objective: 

Restore the natural habitat qualities of a river or stream with practices such as wood additions, bank 
revegetation, floodplain restoration, or stream channel reconstruction. 

 

General Strategy: 

River and stream restoration techniques have been used to restore natural habitat features to areas 
that have been altered by urban development, agricultural land use, logging, or flooding. The 
principles of fluvial geomorphology are used to design appropriate channel characteristics according 
to watershed size, local climate, and substrate type at the site (Rosgen 1996). Restoration activities 
may range from the complete physical reconstruction of the stream channel to planting shrubs and 
trees to improve bank stabilization. Other common practices include floodplain restoration and wood 
additions (Cramer 2012). 

 

 

Political Location: Watershed Location: 
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Reduce nutrient loading   
 

Primary Threat Addressed: Habitat degradation from agricultural run‐off 
 

Specific Threat (IUCN Threat Levels): Pollution / Agricultural & forestry effluents / Herbicides & 
pesticides 

 
Objective: 

Reduce the impacts of eutrophication by removing excess sources of nutrients. 
 

General Strategy: 

The primary sources of excess nutrients are lawn fertilizers in residential and commercial 
developments, agricultural fertilizers, and poorly functioning septic systems. Reducing nutrient loads 
can be achieved on two fronts. One is through outreach, which includes creating awareness about 
the effects of fertilizers on water quality and offering alternatives to fertilization practices that lead 
to the greatest amount of nutrient loading in nearby waterbodies. Best management practices can 
be developed for property owners with a focus on reducing runoff, minimizing or eliminating 
fertilizer use, and landscaping in a way that reduces the need for fertilization. Incentives for 
agricultural practices that reduce fertilizer use and runoff should be provided to farmers in river 
floodplains (USEPA 2010). 

 

 

Political Location: Watershed Location: 
 
 

Prevent invasive species introductions   
 

Primary Threat Addressed: Habitat impacts from introduced animal species 
 

Specific Threat (IUCN Threat Levels): Invasive & other problematic species, genes & diseases 
 

Objective: 

Prevent the introduction of invasive species, which alter the composition of native ecological 
communities. 

 

General Strategy: 

Whether they are accidental or intentional, invasive aquatic species introductions are notoriously hard 
to prevent and even more difficult to control. NHDES, NH Lakes Association, and other individual lake 
and pond groups have had some success preventing invasive aquatic species introductions with public 
outreach and by staffing boat ramps with trained inspectors, called Lake Hosts. Prevention and early 
detection is the most effective strategy for limiting the spread of invasive species. Once an introduced 
species has become established it is nearly impossible to eradicate it.  Management efforts to control 
the species can be costly and requires long term planning. An angler determined to create a new fishing 
opportunity by stocking a new fish species into a waterbody is hard to deter. Education on the 
ecological damage that can be caused by introducing nonnative species into a waterbody will help 
prevent some, but not all deliberate species introductions. In some cases, anglers invested in the 
existing fishery may make the best advocates against new species introductions. However, outreach will 
not persuade everyone, so laws, penalties, and adequate funding for enforcement are the last line of 
defense against species introductions. It is important that penalties are severe enough and the 
presence of law enforcement is noticeable enough to act as a deterrent. 

New species introductions are inevitable, but the rate and overall extent of introductions may be 
contained. 
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Political Location: Watershed Location: 
 
 

Stormwater Management   
 

Primary Threat Addressed: Habitat degradation from stormwater run‐off from impervious surfaces 
 

Specific Threat (IUCN Threat Levels): Pollution / Domestic & urban waste water / Run‐off 
 

Objective: 

To reduce the impacts of runoff from impervious surfaces by using Low Impact Development 
Technology. 

 

General Strategy: 

Stormwater runoff from impervious surfaces has been shown to damage aquatic habitats (Wang et al. 
2001; Cuffney et al. 2010). Much of this damage can be prevented by stormwater management 
practices that filter runoff through the ground before it enters surface water. This practice not only 
removes much of the sediment and toxins that are typically washed into streams, but it also reduces 
the rapid fluctuations in water temperature, as well as the excess erosion and sediment deposition that 
have become a chronic issue for rivers and streams in developed areas. Pollution from stormwater 
runoff is cumulative. As more headwater streams become degraded by stormwater runoff from 
impervious surfaces, declines in water quality and habitat may be observed in lakes, larger rivers, and 
estuaries. The University of New Hampshire Stormwater Center is an excellent resource for Low Impact 
Development (LID) practices for stormwater management. The long term goal is to make rivers and 
streams in developed watersheds mimic the hydrology of similar habitats in undeveloped watersheds. 

 

 

Political Location: Watershed Location: 
 
 

Riparian Buffer Protection   
 

Primary Threat Addressed: Habitat degradation due to shoreline development 
 

Specific Threat (IUCN Threat Levels): Residential & commercial development 
 

Objective: 

Preserve the water and habitat quality of rivers, streams and the shorelines of lakes and ponds by 
preventing development in the riparian zone. 

 

General Strategy: 

Riparian buffer protection can be achieved through town ordinances, state law (i.e. the Shoreland 
Water Quality Protection Act), deed restriction, conservation easement, or voluntary land use 
practices (such as forestry best management practices). In general, the wider the buffer protected, 
the more ecological benefit. A buffer of at least 10 m will provide a minimum level of water quality 
and habitat benefits. A protected buffer of 100 m or greater provides maximum water quality and 
habitat benefits while also acting as a migration corridor for larger species of wildlife. Riparian 
buffer protection is lacking on headwater streams despite the cumulative effect that intact riparian 
zones in headwater streams have on downstream water quality. 

 

 

Political Location: Watershed Location: 
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Water level management   
 

Primary Threat Addressed: Habitat degradation from altered flow regimes due to water level 
management 

 

Specific Threat (IUCN Threat Levels): Natural system modifications 
 

Objective: 

Reduce the aquatic habitat impacts associated with artificial water level fluctuation at dams. 
 

General Strategy: 

Work with dam managers to achieve water level fluctuations that mimic natural flow regimes. 
Practices such as rapid changes in water level, excessive winter drawdown, and reducing downstream 
flow to refill a waterbody should be avoided. Engaging stakeholders, including shorefront property 
owners, boaters, anglers, and hydropower project owners is critical to changing long established 
water level management traditions. The NH Dam Bureau is the lead on dam management issues in 
New Hampshire. The best strategy for improving water level management practices for fish and 
wildlife is to work with the Dam Bureau to identify opportunities to create more natural water level 
fluctuations at a certain dams and then make slow incremental changes. This allows stakeholders to 
adjust to the changes and make comments when conflicts arise. 

 

 

Political Location: Watershed Location: 
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