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INTRODUCTION AND DOCUMENT PURPOSE 
 
California Department of Fish and Wildlife (Department) Northern Region staff has 
analyzed the most recent and best available scientific research on the essential 
relationships of fish and wildlife to wetland, stream and riparian habitats, the impacts of 
land use and development on these habitats, and potentially effective conservation 
strategies to minimize these impacts.  This technical memorandum is a summary of this 
analysis and has three principal objectives: 1) present a scientific analysis of fish and 
wildlife habitat needs and potential development and land use impacts, 2) detail 
potential conservation strategies and mitigation measures that have been effective in 
minimizing these impacts, and 3) make this scientific analysis available in the Northern 
Region to project proponents, consulting engineers and biologists, planners, California 
Environmental Quality Act (CEQA) lead agencies, the public, and to Department staff to 
inform project and land use plan design and review subject to CEQA.  The 
Department’s Northern Region serves Del Norte, Humboldt, Lassen, Mendocino, 
Modoc, Shasta, Siskiyou, Tehama and Trinity counties. 
 
This Technical Memorandum also reviews relevant potential impacts of climate change 
and sea level rise on the Northern Region’s wetland and riparian habitats.  Over the 
current century, climate change will alter the fundamental character, production, and 
distribution of the ecosystems upon which the economy of California relies (Snyder et 
al. 2002, Snyder and Sloan 2005, California Energy Commission 2009a, 2009c). This 
climate change and sea level rise analysis is intended to inform Department staff and 
the public of these impacts as they relate to wetland and riparian habitat conservation 
and future local and regional land use and development decisions.  This analysis does 
not address land use and development-related greenhouse gas emissions or their effect 
on climate change. 
 
This document is intended to be a resource during the Department’s participation in 
CEQA project review and land use planning in the Northern Region and to assist local 
agencies and the public during land use planning and development permitting 
processes. However, the Department affirms that project-specific circumstances always 
necessitate project-specific analysis of impacts and mitigation measure efficacy.   
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This summary of scientific literature is provided as a tool to be used, where appropriate, 
to support site specific project review and is not intended to be relied upon absent, or in 
lieu of, a site or project-specific analysis of environmental impacts and mitigation 
measures. 
 
This technical memorandum includes the following: 

1) Review of the Department’s conservation and management role and legal 
authority; 

2) Definitions; 
3) Discussion of the historic loss and degradation of wetland and riparian habitats;  
4) Review of the importance of these habitats and some of the species 

assemblages that depend upon them;  
5) Assessment of potential development and land use impacts on these habitats; 
6) Evaluation of projected climate change impacts for northern California; 
7) Review of habitat buffer effectiveness;  
8) Key findings that summarize effective mitigations and conservation strategies; 
9) Commonly used methods for implementing wetland and riparian habitat buffers; 
10) References that comprise the scientific basis of this Technical Memorandum. 

 
DEPARTMENT ROLE AND LEGAL AUTHORITIES 
 
Under Fish and Game Code section 711.7, the Department is designated as trustee for 
the State’s fish and wildlife resources. The Department has jurisdiction over the 
conservation, protection, and management of fish, wildlife, native plants, and habitat 
necessary for biologically sustainable populations of those species (Fish & G. Code, § 
1802).  The Department administers the California Endangered Species Act (CESA) 
and other provisions of the Fish and Game Code that conserve the State’s fish and 
wildlife public trust resources.   
 
California lawmakers have identified a public interest in protecting and maintaining the 
State’s wetland and riparian habitats. (Fish & G. Code, §§ 1385, 2780). In 1993, 
Executive Order W-59-93 established a comprehensive wetlands policy for the State 
that sought no overall net loss and long-term net gain in the quantity, quality and 
permanence of wetlands acreage and values. The Fish and Game Commission also 
has adopted a non-regulatory Wetlands Resources Policy, which recognizes the habitat 
values of wetlands and the damage to fish and wildlife resources from projects resulting 
from net loss of wetland acreage or habitat values (Fish and Game Commission 2013a).  
The policy, available at: http://www.fgc.ca.gov/policy/ and most recently amended in 
2005, states: 
 

“…it is the policy of the Fish and Game Commission to seek to provide for the 
protection, preservation, restoration, enhancement and expansion of wetland 
habitat in California. 
 
Further, it is the policy of the Fish and Game Commission to strongly 
discourage development in or conversion of wetlands. It opposes, consistent 
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with its legal authority, any development or conversion which would result in a 
reduction of wetland acreage or wetland habitat values. To that end, the 
Commission opposes wetland development proposals unless, at a minimum, 
project mitigation assures there will be "no net loss" of either wetland habitat 
values or acreage. 
 
The Commission strongly prefers mitigation which would achieve expansion 
of wetland acreage and enhancement of wetland habitat values.” 

 
The Department is a trustee agency pursuant to CEQA and also frequently serves as a 
responsible agency (Pub. Resources Code §§ 21069, 21070). The Department’s role in 
wetland protection is primarily advisory in nature. The Department fills this role by 
reviewing and commenting on lead agencies’ environmental documents and making 
recommendations to avoid, minimize, and mitigate potential negative impacts to those 
resources held in trust for the people of California.   
 
WETLAND AND RIPARIAN DEFINITIONS  
 
According to the U.S. Fish and Wildlife Service classification of wetlands (Cowardin et 
al. 1979), wetlands include swamps; freshwater, brackish water, and saltwater marshes; 
bogs; vernal pools; periodically inundated saltflats; intertidal mudflats; wet meadows; 
wet pastures; springs and seeps; portions of lakes, ponds, rivers and streams; and all 
other areas which are periodically or permanently covered by shallow water; or 
dominated by hydrophytic vegetation, or in which the soils are predominantly hydric in 
nature.  Pursuant to the Fish and Game Commission Wetlands Resources Policy, the 
Department utilizes the U.S. Fish and Wildlife Service wetlands definition for purposes 
of wetland identification.  The U.S. Fish and Wildlife Service wetlands definition is 
(Cowardin et al. 1979): 
 

“Wetlands are lands transitional between terrestrial and aquatic systems 
where the water table is usually at or near the surface or the land is covered 
by shallow water. For the purposes of this classification wetlands must have 
one or more of the following three attributes: (1) at least periodically, the land 
supports predominantly hydrophytes; (2) the substrate is predominantly 
undrained hydric soil; and (3) the substrate is nonsoil and is saturated with 
water or covered by shallow water at some time during the growing season of 
each year.” 

 
The State Water Resources Control Board (SWRCB), through a Technical Advisory 
Team, has also developed a working definition for wetlands, though this definition is not 
yet formally adopted (SWRCB 2012a): 
 

“An area is wetland if, under normal circumstances, (1) the area has 
continuous or recurrent saturation of the upper substrate caused by 
groundwater or shallow surface water or both; (2) the duration of such 
saturation is sufficient to cause anaerobic conditions in the upper substrate 
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and; (3) the area either lacks vegetation or the vegetation is dominated by 
hydrophytes.” 

 
The SWRCB has also developed a working definition for riparian areas, which is based 
in part on Brinson et al. (2002) (SWRCB 2012b): 
 

“Riparian Areas are areas through which surface and subsurface hydrology 
interconnect aquatic areas and connect them with their adjacent uplands 
(Brinson et al. 2002). They are distinguished by gradients in biophysical 
conditions, ecological processes, and biota. They can include wetlands, 
aquatic support areas, and portions of uplands that significantly influence the 
conditions or processes of aquatic areas.” 

 
HABITAT LOSS AND DEGRADATION 
 
Temperate freshwater wetlands are threatened globally by urbanization, agriculture, 
hydrologic modification, and other land use practices and continued reductions in 
wetland area and function is likely to continue over the coming decades (Brinson and 
Malvarez 2002). On a national, state-wide, and regional scale, wetland and riparian 
habitats have undergone substantial declines.  Over the past 200 years, the contiguous 
48 states have lost an estimated 53 percent of their original wetlands, with California 
losing the largest percentage (91 percent) (Dahl 1990).  An estimated 93 to 98 percent 
of California’s and 75 percent of the North Coast’s riparian habitat has been converted 
to other land uses (Katibah 1984, Dawdy 1989). On a local scale, salt marsh habitat in 
Humboldt Bay, California’s second largest estuary has been reduced by 85 to 90 
percent since 1897, due to diking and filling (Barnhart et al. 1992). 
  
California and the nation continue to lose wetland acreage and value, despite both state 
and national regulations and “no net loss” wetland policies (National Research Council 
2001).  Between 1982 and 1987, the western United States experienced a net loss of 
151,600 hectares (374,600 acres) of wetland habitat, a 5.7-percent loss in total wetland 
area (Brady and Flather 1994).  Of the 67 aquatic habitat types in the Sierra Nevada, 
nearly two-thirds are in decline (California Department of Fish and Game 2007). 
Reasons for this loss are numerous and include: agricultural conversion, water 
diversions, construction of levees and flood control structures, dam and reservoir 
construction, excessive livestock grazing, and urbanization (Abell et al. 2000, Zedler 
2004). According to Brady and Flather (1994), urban, industrial, and residential 
development was the greatest human-induced cause of wetland loss from 1982-1987. 
 
According to the U.S. Army Corps of Engineers (USACE) and U.S. Environmental 
Protection Agency (USEPA), wetland creation and the restoration and enhancement of 
existing wetlands are a common means to mitigate for wetland loss (see USEPA, 
USACE 2008). However, on average, the quality of created, restored, and enhanced 
wetlands achieved through mitigation is lower than that of intact, reference wetlands, 
according to SWRCB-funded studies (Ambrose and Lee 2004, Ambrose et al. 2006).  
This suggests that projects conducted in wetlands, as currently permitted, are 
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contributing to a net loss of wetland functions and values.  According to Zedler (2004), 
mandatory compensatory wetland mitigation measures continue to result in a net loss of 
wetland habitat and the cumulative effects of historical and future wetland degradation 
will be difficult to abate.   
 
An analysis of 45 Washington State compensatory wetland mitigation projects required 
pursuant to the Clean Water Act showed only 29 percent were implemented according 
to plan and also met the project’s ecological performance standards (Johnson et al. 
2000).  This study also found that of 23 compensatory mitigations actually implemented, 
only 45 percent were implemented according to plan.  Numerous studies have shown 
that wetland mitigation projects often do not meet their required USACE permit 
conditions (Kihslinger 2008).  Along with the risk of mitigation underperformance or 
failure, the temporal loss of wetland function from the time of impact to the time a 
mitigation site is fully functional is also a factor in potentially diminishing the value of 
compensatory restored wetlands (Zedler 2004).  Such temporal loss may vary 
depending on habitat type and other factors.  For the above reasons, the Department, 
the California Coastal Commission, and others have often recommended mitigation for 
the loss of high-quality wetlands and riparian habitat at creation-to-loss ratios of 3:1 or 
greater. 
 
Today, almost all of California’s major rivers are dammed and diverted to provide water 
for agriculture and domestic use and many are channelized and constrained by levees 
to provide flood control for the farms and cities that now occupy land that was once 
seasonally flooded wetland and riparian habitats (Mount 1995, Moyle 2002, California 
Department of Fish and Game 2007, Mac et al. 2008). Maintaining the hydrologic 
connectivity of these floodplain habitats with the surrounding landscape, even if the 
habitats themselves are already protected from development, is critical to maintaining 
their biological integrity and ecosystem functions (Pringle 2001, Correll 2005, Tockner et 
al. 2008). California’s wetland and riparian habitats are often part of an integrated 
ecosystem.  California has 251,000 acres of riverine wetlands, approximately 9 percent 
of the state’s total wetland acreage, and these wetlands are associated with 410,000 
miles of rivers and streams (Snow 2010). 
 
Isolating a river’s floodplain from overbank flows degrades riparian habitat (Poff et al. 
1997, Reckendorfer et al. 2013).  When levees, berms, and canals disconnect rivers 
from their natural floodplains, they change the river’s natural flow regime and eliminate 
the benefits of natural flooding such as deposition of river silts on valley-floor soils and 
the recharging of wetlands (Poff et al. 1997, California Department of Fish and Game 
2007).  In addition, disconnecting natural floodplains simplifies riverine and riparian 
habitat and diminishes braided channel structure and off-channel backwater areas, thus 
degrading habitat suitability for salmonid fishes (Moyle 2002, California Department of 
Fish and Game 2007, Tockner et al. 2008).   
 
Non-structural approaches to floodplain management, such as not rebuilding flood-
damaged structures in flood-prone areas and moving people out of harm’s way are 
congruent with floodplain and riparian habitat restoration (National Research Council 
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1992, Sparks 1995). According to the Interagency Flood Management Review 
Committee (1994), the nation should discourage new development in floodplains as a 
means to prevent future flood damages and to help restore ecosystem function.  
Furthermore, global threats to human water security and to river biodiversity are well 
correlated Vörösmarty et al. (2010), as exemplified by enduring conflicts over water use 
and protection of declining species in the Klamath River Basin and Sacramento/San 
Joaquin River systems.  Thus efforts to restore and protect riverine ecosystems, 
including floodplains and riparian habitat, will likely benefit both biodiversity and 
California’s needs for a safe and reliable water supply. 
 
As described in detail below, many California fish and wildlife populations that rely on 
wetland and riparian habitat, e.g. willow flycatcher (Empidonax traillii), western red bat 
(Lasiurus blossevillii), and coho salmon (Oncorhynchus kisutch), have plummeted in 
recent decades due, in part, to habitat loss and degradation.  Wetland and riparian 
habitats remain vulnerable to impacts from projected population growth, development, 
invasive species, climate change and sea level rise (California Department of Fish and 
Game 2007, Point Reyes Bird Observatory Conservation Science 2011). Land use, 
specifically development within and adjacent to wetland and riparian areas, is a principal 
cause of habitat loss and degradation.  According to the California Fish and Game 
Commission Wetlands Resources Policy, “Projects which impact wetlands are 
damaging to fish and wildlife resources if they result in a net loss of wetland acreage or 
wetland habitat value.”  
 
As described in this review, the scientific literature establishes that certain conservation 
strategies and mitigation methods are likely to be effective in protecting and minimizing 
development and land use-related impacts to wetland and riparian habitats. Individual 
development projects can have site-specific and cumulative effects on adjacent 
habitats; however, land use is the major driver of freshwater ecosystem conditions 
(Allan 2004, Langpap et al. 2008, Tockner et al. 2008). Land use activities and intensity 
profoundly affect riverine and other freshwater aquatic habitats on a watershed, 
regional, and global scale though habitat conversion and fragmentation, increasing road 
density, alterations of peak flows and floods, degradation of soil and water, increases in 
nutrient and pollution inputs, spreading invasive species, wildfire suppression, and 
altering local climate (Ziemer and Lisle 1998, Theobald et al. 2005, Allan 2004, Foley et 
al. 2005, Stein et al. 2005).  For instance, in a detailed, site-specific analysis, California 
Department of Forestry and Fire Protection (2003) found that whereas only 4 percent of 
natural habitat in El Dorado County, CA. was lost to development, nearly 40 percent 
had greatly reduced habitat quality.   
 
Habitat destruction through land use alterations is generally considered a primary cause 
of species endangerment (Wilcove et al.1998).  Consequently, to achieve the long-term 
maintenance of wetland, riparian, and riverine habitats, effective watershed, regional, or 
landscape-level planning that addresses the ecological effects of land use is equally as 
important as protecting these habitats from the direct impacts of adjacent development 
(Michalak and Lerner 2007).   
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The California Fish and Game Commission’s Land Use Planning Policy (California Fish 
and Game Commission 2013b) recognizes the importance of land use planning in the 
conservation of California’s fish and wildlife.  To provide maximum protection of fish and 
wildlife, this policy directs the Department to: 1) promote the development of regional 
conservation planning, 2) review, coordinate and provide comments and 
recommendations on federal, state, local planning efforts, and 3) participate in local land 
use planning processes for the purpose of conserving and protecting fish or wildlife 
habitat (California Fish and Game Commission 2013b).  Other landscape level planning 
approaches employed by the Department to protect wetland and riparian habitats 
include implementation of California’s Wildlife Action Plan (California Department of 
Fish and Game 2007) and the Recovery Strategy for California Coho Salmon (California 
Department of Fish and Game 2004) and participation in the Riparian Bird Conservation 
Plan (Riparian Habitat Joint Venture 2004).  
 
IMPORTANCE OF WETLAND AND RIPARIAN HABITATS  
 
California’s Wetland and riparian habitats are essential for a wide variety of important 
resident and migratory fish and wildlife species (California Department of Fish and 
Game 2001, Riparian Habitat Joint Venture 2004, California Department of Fish and 
Game 2007). The role of riparian habitat in supporting biodiversity is well documented 
and its relative ecologic importance greatly exceeds the proportion of the landscape it 
occupies (Allan and Flecker 1993, Naiman et al.1993, 2000, Crow et al. 2000, Dahl 
2000). According to Naiman et al. (1993, 2000), natural riparian corridors are the most 
diverse, dynamic, and complex terrestrial habitat type, and thus, they play an essential 
role in conserving regional biodiversity. 
 
Because of their seasonal or year-round water supply, cool microclimate, productivity, 
nutrient cycling and food availability, wetlands and riparian habitats are vital to the 
majority of California’s wildlife species (California Department of Fish and Game 2007).  
According to the California Fish and Game Commission Wetlands Resources Policy, 
“Wetland habitat is also recognized as providing habitat for over half of the listed 
endangered and threatened species in California.”  Wetlands are required by 50 percent 
of animals and 28 percent of plants listed pursuant to the federal Endangered Species 
Act (ESA) (Niering 1988).  In the Pacific Coast Ecoregion, which includes much of the 
Department’s Northern Region, 60 percent of amphibian species, 16 percent of reptiles, 
34 percent of birds, and 12 percent of mammals can be classified as riparian obligates 
(Kelsey and West 1998, in Naiman et al. 2000).  Wetlands and riparian corridors also 
serve as important wildlife migration and dispersal routes for both aquatic and terrestrial 
wildlife.   
 
Riparian areas provide an ecological linkage or transition between aquatic and 
terrestrial habitats and directly affect the delivery, routing, and composition of water, 
nutrients, sediment, and wood into and through a stream system (Franklin 1992, 
Naiman et al.1993, Crow et al. 2000, Naiman et al. 2000, Bolton and Shellberg 2001).  
Recurrent flooding in riparian habitats results in frequent disturbances related to 
episodic or chronic inundation, sediment transport, and the abrasive and erosive forces 



Technical Memorandum: Development, Land Use, and Climate Change Impacts on Wetland and Riparian Habitats 
California Department of Fish and Wildlife, Northern Region, May 21, 2014 

 

Page 8 of 53 
 

of the transport of water, large wood, and bedload (Naiman and Decamps 1997, Crow 
et al. 2000).  Seasonal or continual water availability and regular nutrient inputs also 
create an especially fertile and productive floodplain habitat (Naiman et al.1993, 2000, 
Crow et al. 2000).  The combination of these processes, in turn, creates habitat 
complexity and variability in time as well as in space, resulting in ecologically diverse 
plant and animal communities (Franklin 1992, Naiman and Decamps 1997, Crow et al. 
2000, Robinson et al. 2002).    
 
California’s wetland and riparian habitats are also important for the valuable ecosystem 
services they provide and the many recreational opportunities they offer.  For instance, 
wetlands and floodplains store and meter floodwaters, recharge groundwater aquifers, 
trap sediment, filter pollution, help minimize erosion, lessen peak flow velocities, and 
protect against storm surges (Mitsch and Gosselink 2000, Tockner et al. 2008).  In 
doing so, they protect adjacent upland, down-stream, and coastal properties from loss 
and damage during flooding and help maintain surface and groundwater during summer 
months.  These habitats are also popular destinations for people that enjoy camping, 
fishing, hunting, boating, wildlife viewing and other outdoor recreational activities. 
According to the National Research Council (2002), “because riparian areas perform a 
disproportionate number of biological and physical functions on a unit area basis, their 
restoration can have a major influence on achieving the goals of the Clean Water Act, 
the Endangered Species Act, and flood damage control programs.” 
 
Birds 
California’s wetland and riparian habitat has been identified as the most critical habitat 
for conserving Neotropical migrant birds (California Department of Fish and Game 
2003, Riparian Habitat Joint Venture 2004).  Of the 63 bird taxa designated as 
California Species of Special Concern (SSC), 27 taxa (43 percent) primarily utilize 
wetland habitats and another 11 taxa (17 percent) are riparian forest inhabitants 
(Shuford and Gardali 2008).  SSC are designated by the Department for species with 
declining population levels, limited ranges, and/or continuing threats that make them 
vulnerable to extinction.  Though not listed pursuant to the ESA or CESA, the goal of 
designating taxa as SSC is to halt or reverse their decline by calling attention to their 
plight and addressing habitat conservation issues early enough to secure their long-
term viability.  A combined total of 60 percent of California’s bird SSC are dependent 
upon wetland and riparian habitats, demonstrating both ecological importance and the 
threat to these habitats.  The greatest factor in the decline of the willow flycatcher 
(Empidonax traillii), a State-endangered species, is the extensive loss, fragmentation, 
and modification of riparian breeding habitat (Bombay et al. 2003).  Likewise, wetland 
loss is the principal threat to the State-threatened greater sandhill crane (Grus 
canadensis tabida) (Meine and Archibald 1996). 
 
Fish 
Native fish populations are dependent upon healthy aquatic ecosystems (Moyle 2002). 
Wetland, riparian vegetation, and associated floodplain provide many essential benefits 
to stream and river fish habitat (Moyle 2002, California Department of Fish and Game 
2007).  These features influence channel geomorphology and stream flow by providing 
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channel roughness, bank stability, habitat heterogeneity and complexity.  Riparian 
forests provide thermal protection, shade, and large woody debris.  Large woody debris 
stabilizes substrate, provides shelter and cover from predators, facilitates pool 
establishment and maintenance, maintains spawning bed integrity, and creates habitat 
for aquatic invertebrate prey.  Wetland and riparian areas also provide critical fish 
habitat in the form of off-channel and back-water winter-rearing sites and floodwater 
refugia (California Department of Fish and Game 2007).  
 
Fish across North America are under severe ecological pressure from land use 
changes. During the past century, three genera, 27 species, and 13 subspecies of North 
American fish have become extinct (Miller et al. 1989).  Habitat loss and introduced 
species were the most common factor responsible for these extinctions, 73 percent and 
68 percent of cases, respectively, followed by chemical pollution (38 percent) (Miller et 
al.1989).  According to Williams et al. (1989), approximately one out of three North 
American freshwater fish species and subspecies are now either threatened, 
endangered, or deserving of special consideration. 
 
In California, complex and resilient natural ecosystems for fish are being replaced by 
simplified, highly altered systems that are unpredictable in structure and dominated by 
non-native species (Moyle and Williams 1990, California Department of Fish and Game 
2004, 2007).  Habitat loss and modification including loss of riparian forest, and 
increased water pollution, non-native species, and water diversions are some of the 
most significant factors negatively affecting California’s native fishes (Moyle 2002).  
These impacts are the result of numerous human activities, including mining, logging, 
road construction on unstable slopes, over-grazing and urban/exurban development 
(Moyle 2002).  More recently, large-scale outdoor marijuana cultivation in northern 
California has also been documented as having substantial negative impacts on fish 
and other aquatic and terrestrial wildlife species (Department unpublished data). 
 
The threats to California’s fishes mirror those to other North American taxa.  Of 
California’s 67 native inland fish species, seven (10 percent) are extinct in the state or 
globally; 13 (19 percent) are State or federally listed (as of 2001), and 19 (29 percent) 
are listed as SSC (Moyle 2002).  Few fishes have been more significantly impacted by 
loss and alteration of habitat than Pacific salmon and anadromous trout (Moyle 2002).  
These species, including Chinook salmon (Oncorhynchus tshawytscha), coho salmon 
(O. kisutch), steelhead trout (O. mykiss), and coastal cutthroat trout (O. clarkii) are 
vitally important ecological and economic keystone species in California.  Coho salmon, 
for instance, has undergone at least a 70-percent decline in abundance since the 
1960s, and is currently at 6 to 15 percent of its abundance during the 1940s (California 
Department of Fish and Game 2004).  If present population trends continue, Katz et al. 
(2012) anticipate 25 (78 percent) of California’s 32 native salmonid taxa will likely be 
extinct or extirpated within the next century. 
 
Amphibians and Reptiles 
California’s aquatic habitats and their adjacent uplands are essential habitat for 
numerous aquatic and semi-aquatic amphibian and reptile species. The Department’s 
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Special Animal List recognizes 45 amphibian species as listed pursuant to CESA, ESA, 
or some other “watch list” including SSC.  Of these 45 species, 13 occur in the 
Department’s Northern Region.  Ten of these 13 species rely upon streams and 
wetlands for breeding habitat and adjacent upland habitat for other critical life functions.   
 
Some of Northern Region’s numerous amphibian and reptile SSC, which rely upon 
wetland and riparian habitats include: southern torrent salamander (Rhyacotriton 
variegatus), Del Norte salamander (Plethodon elongatus elongatus), Cascades frog 
(Rana cascadae), northern red-legged frog (R. aurora), California red-legged frog (R. 
draytonii), Oregon spotted frog (R. pretiosa), foothill yellow-legged frog (R. boylii), 
coastal tailed frog (Ascaphus truei), and Pacific pond turtle (Actinemys marmorata). 
   
Amphibians are currently undergoing a global collapse (Lannoo 2005, Wake and 
Vrendenburg 2008).  On a regional and state-wide scale numerous amphibian species 
and populations are also documented in decline (Fellers et al. 2008).  For instance, 
because of the decline in aquatic habitat types, half of 29 native amphibian species in 
the Sierra Nevada and Cascades Region are at risk of extinction (California Department 
of Fish and Game 2007). While this decline appears to have multiple causes, habitat 
loss and fragmentation are now considered among the greatest threats to amphibian 
populations (Lannoo 2005, Cushman 2006).   
 
All 47 amphibian species occurring in the Pacific Northwest are either facultative or 
obligate stream-riparian associates (Olson et al. 2007).  Ninety percent of these occur in 
forested habitats and about a third are stream-riparian obligate species (Olson et al. 
2007).  Of particular conservation significance is that a quarter of these forest-dwelling 
amphibians are tied to smaller headwater streams (Olson et al. 2007).  Despite 
substantial evidence that small headwater streams are important to amphibian 
populations, as well as providing vital ecosystem services to downstream watersheds, 
small headwater streams face the most substantial threat of elimination by urbanization 
(Elmore and Kaushal 2008). Also, compared to larger stream types, small headwater 
streams typically receive the narrowest streamside buffers in local and state-wide 
mitigation approaches, e.g. the California Forest Practice Rules (California Department 
of Forestry and Fire Protection 2012).   
 
Bats 
The loss and fragmentation of quality foraging habitat is a major threat to bat 
populations worldwide (Racey and Entwistle 2008).  Populations of many bat species in 
North America and globally are declining and currently approximately 25 percent of the 
global bat fauna are listed as threatened by the International Union for Conservation of 
Nature.  According to the California Natural Diversity Database (CNDDB), 12 of 
California’s 25 bat species are designated SSC, USDA Forest Service Sensitive, or 
federally Endangered.   
 
Many North American bat species forage near or directly over open water, while others 
feed in a variety of habitats but are often associated with riparian vegetation (Pierson 
1998).  All 15 bat species occurring on northern California and the Pacific Northwest are 
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insectivorous.  Riparian habitats are of disproportionate importance for many bat 
species because they are insect-rich environments and provide roosting, foraging sites, 
and drinking water (Wunder and Carey 1996, Grindal et al. 1999).  As such, bats were 
identified as an important species group whose conservation justified enhanced riparian 
buffer protection in the management guidelines of the federal Northwest Forest Plan 
(Seidman and Zabel 2001).  
 
In Douglas-fir forests of the Washington Cascade Range and the Oregon Coast Range, 
foraging activity of Myotis bat species was found to be 10 times greater over water than 
within the forest interior (Thomas 1988). In coastal British Columbia, the little brown bat 
(Myotis lucifugus) was found to be 75 times more active over lakes and ponds than in 
forested habitat (Lunde and Harestad 1986).  In northern California, Seidman and Zabel 
(2001) found substantial foraging utilization on intermittent streams, and importantly, 
streams with discontinuous flows had similar levels of bat activity as streams with 
continuous flowing or standing water. 
 
Drastic population declines of the formerly abundant cave myotis (Myotis velifer) from 
California’s Colorado River basin (Pierson 1998) and the western red bat (Lasiurus 
blossevillii) from the Sacramento and San Joaquin River basins are associated with the 
loss of cottonwood-dominated riparian forests.  According to Pierson et al. (2006), the 
western red bat in California would greatly benefit from riparian restoration, particularly 
the recruitment of cottonwood/sycamore forests and the reinstatement of natural flood 
regimes.  According to Ober and Hayes (2008), the best strategy for Pacific Northwest 
bat fauna conservation over broad spatial scales is the maintenance or creation of a 
diversity of riparian vegetation conditions.   
 
Sensitive Plants and Natural Communities  
Northern California is globally renowned as a biodiversity hotspot for rare, endemic, and 
unusual plants, many of which are associated with aquatic habitats.  Because of this 
botanical diversity, the Klamath-Siskiyou Ecoregion, which encompasses much of 
northwestern California, has been named an Area of Global Botanical Significance (one 
of seven in North America) by the World Conservation Union (Ricketts et al. 1999).  It 
has also been proposed as a World Heritage Site and UNESCO Biosphere Reserve 
(Ricketts et al. 1999).  Sacramento River Valley vernal pools, for example, are globally 
unique habitats and threatened throughout their range while the Northern Region’s 
coastal lagoons and peatlands are some of the largest in the state and recognized 
botanical hotspots (Leppig 2004).   
 
Northern California’s diverse wetland and riparian habitats are home to more than 116 
sensitive plant species.  According to the CNDDB, approximately one third of the 
region’s sensitive plant species occur in aquatic and riparian habitats.  In northern 
California’s redwood forests, 40 percent of sensitive plant species occur in wetland and 
riparian habitats (Golec et al. 2006).  According to Comer et al. (2005), California has 
more at-risk plant species occurring within isolated wetlands (143 species) and also 
more plant species listed pursuant to the ESA (32 species) tied to isolated wetlands, 
than any other state. 
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Certain vegetation types or natural communities are rare or threatened in their own right 
and thus have ecological importance and conservation status in addition to the 
environmental services and wildlife habitat they provide.  The CNDDB classifies 
vegetation for the primary purpose of assisting in determining the state-wide 
significance and rarity of various vegetation types.  CNDDB first classifies vegetation 
types into specific “alliances” based upon species dominance.  CNDDB ranks these 
alliances based upon their rarity and threat.  Alliances designated with a State (S) 
ranking of S1, S2, and S3 are considered rare and of high priority for inventory. See 
http://www.dfg.ca.gov/biogeodata/vegcamp/natural_comm_list.asp for more detailed 
information on how CNDDB addresses natural communities.  
 
In northern California, 16 riparian vegetation alliances, dominated by alder (Alnus 
viridis), willow (Salix spp.), birch (Betula spp.), and cottonwood (Populus spp.), have 
State rankings of S2 or S3 (CNDDB 2013).  Numerous other non-woody wetland 
vegetation types in the region also have State rankings of S1 to S3.  The high number 
of riparian vegetation alliances designated as rare and of high priority for inventory is 
another indication of the ecological significance of these habitats and the need for 
effective conservation strategies to prevent their further loss and degradation.   
 
DEVELOPMENT AND LAND USE IMPACTS  
 
Development can result in permanent wetland and riparian habitat loss through 
conversion to non-habitat, and conversion of wetlands to uplands.  In addition to direct 
habitat loss, development also has three principal indirect effects on adjacent habitat: 1) 
fragmentation of habitat into smaller, non-contiguous areas of less-functional habitat by 
structures, roads, driveways, yards and associated facilities; 2) the introduction or 
increased prevalence of exotic species or species that are habitat generalists, termed 
“human adapted” or “urban exploiters,” and  3) decreases in native species abundance 
and biodiversity and the loss of “human-sensitive” species that require natural habitats 
(Davies et al. 2001, Hansen et al. 2005, California Department of Fish and Game 2007).  
In general, these effects occur because development tends to favor species well-
adapted to human habitation with subsequent negative effects on sensitive species and 
those species best adapted to natural habitats (Marzluff and Neatherlin 2006).  For 
example, numerous studies document how human activities in natural areas disturb bird 
populations and reduce bird diversity, abundance, and reproductive success (Rodgers 
et al. 1997, Fernandez-Juricic 2002, Burger et al. 2004, Banks and Bryant 2007). 
 
Even low-density residential development can result in habitat loss and degradation 
because: 1) structures require 100-foot-wide defensible space fire-safe buffers—which 
necessitates vegetation clearing around them (Pub. Resources Code § 4291), 2) local 
wildlife populations’ response to development can continue several decades after  
habitat alteration or construction (Hansen et al. 2005), and 3) in addition to local effects, 
development has been shown to alter the ecological processes and biodiversity in areas 
more far-removed from the development, including in parks, preserves, and national 
forests (Hansen et al. 2005, Johnston and Klemens 2005b).  Other studies have also 
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demonstrated that the surrounding landscape “matrix” and the amount of urbanization 
can strongly influence riparian and wetland species even if development is not directly 
adjacent to these habitats (Rodewald and Bakermans 2006, Roe and Georges 2007).   
 
Additional adverse effects from development adjacent to wetland habitats include:  
vegetation removal; water diversions and altered hydrology; diminished water quality 
from the discharge of pollutants such as sediment, toxic substances, and pathogens; 
disturbance to wildlife from pets, noise, and human activities; filling and refuse dumping; 
and altered microclimate.  Human development also negatively impacts wildlife through 
increased road-kill (Trombulak and Frissell 2000, Malo et al. 2004, Beebee 2013), light 
pollution (Longcore and Rich 2004, Rich and Longcore 2006), the killing of and 
disturbance to wildlife by domestic and feral animals such as house cats, and increased 
human conflict with wildlife such as black bear, mountain lion, and fox.  Development in 
close proximity to natural areas often provides attractive nuisances such as orchards, 
gardens, pets, compost bins, and garbage receptacles, which results in human-wildlife 
conflicts that often resulting in the killing (depredation) of these animals.  For an in-
depth review of the impacts of land use and urbanization on stream ecosystems see 
Paul and Meyer (2001) and Allan (2004). 
 
Development-related loss of native species abundance and diversity or the increase in 
exotic and native generalist species has been shown for bird assemblages (Beissinger 
and Osborne 1982, Wilcove 1985, Luginbuhl et al. 2001, Odell et al. 2003), mammals 
(Maestas et al. 2001), fish (Paul and Meyer 2001), amphibians (Davidson et al. 2001, 
Ridley et al.  2005), terrestrial and freshwater invertebrates (Miyashita et al. 1998, Paul 
and Meyer 2001), and plants (Galatowitsch et al. 1999, Mack and Lonsdale 2001, 
Reichard and White 2001).  
 
Many studies have shown that habitat fragmentation from urban and exurban 
development and other human activities results in significant declines in species 
richness in a broad range of avian communities (Wilcove 1985, Engels and Sexton 
1994, Marzluff 2001, Hansen et al. 2005).  Rottenborn (1999) found that urbanization on 
lands adjacent to intact riparian woodlands has substantial impacts on riparian bird 
communities.  Human-adapted corvids (ravens, crows, and jays) are effective nest 
predators whose abundance has increased dramatically due to urbanization in western 
North America and worldwide in the last century (Luginbuhl et al. 2001).  Increased nest 
predation by corvids and other human-adapted species has had a significant effect on 
bird populations adjacent to urbanized areas (Wilcove 1985, Engels and Sexton 1994, 
Marzluff 2001, Odell et al. 2003, Hansen et al. 2005).   
 
Bank erosion is a fundamental riverine process that drives lateral channel migration, 
thus creating and maintaining off-channel habitats, affecting recruitment of sediment 
and large woody debris and acting as a key regulator of aquatic habitat in the main stem 
and riparian habitat in the floodplain (USFWS 2004, CALFED 2008).  Development 
often leads to streambank stabilization, which prevents bank erosion and channel 
migration.  Bank stabilization (also known as armoring) such as placement of revetment 
(large boulders known as rip-rap) and efforts to dredge channels or build flood-control 
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levees, commonly occur where development is placed in flood plains or too close to 
stream and river channels and is then threatened by flooding and bank erosion.   
 
Revetment can negatively impact riparian vegetation, stream bank morphology, stream 
flow characteristics and aquatic and terrestrial habitat quality (USFWS 2000, USFWS 
2004).  Revetment can eliminate structural bank features such as large wood and 
overhanging banks and vegetation, which provide fish with refuge from high flows, 
needed habitat complexity, and cover from potential predators (Peters et al. 1998, 
USFWS 2000, USFWS 2004).  In redwood forests, stream reaches with revetment were 
shown to have lower plant species richness, vegetation cover, and tree seedling density 
compared with streambanks without revetment (Russell and Terada 2009). 
 
Loss of California’s wetland and riparian habitats has resulted in many water quality 
impairments.  For example, removal of riparian vegetation is a contributing factor to 
impairment of over three quarters of the water bodies listed by the North Coast Regional 
Water Quality Control Board pursuant to the Clean Water Act Section 303(d)(SWRCB 
2002).  According to SWRCB (2002), more than 50 water bodies in northern California, 
including reaches of almost all major river systems, are listed pursuant to Clean Water 
Act section 303(d) as impaired for any of the following reasons: temperature, 
sedimentation/siltation, nutrients, and bacteria. 
  
Impacts to Amphibians and Reptiles 
Amphibians appear to be particularly vulnerable to habitat loss and fragmentation due to 
multiple factors (Carr and Fahrig 2001, Houlahan and Findlay 2003, Cushman 2006).  
These factors include: 1) relatively short distances traveled; 2) high vulnerability to 
death when moving across roads and through inhospitable terrain; 3) narrow habitat 
tolerances; and 4) high vulnerability to pathogens, invasive species, climate change, 
increased ultraviolet-B exposure and environmental pollution (Gibbs and Shriver 2005, 
Cushman 2006, see also Olson et al. 2007).  
  
Traffic-caused mortality (“road-kill”) is a major cause of amphibian mortality and may 
contribute to their global decline (Fahrig et al. 2005, Gibbs and Shriver 2005, Glista et 
al. 2008).  Amphibians may be especially vulnerable to traffic mortality because they 
often migrate en masse to and from breeding wetlands (Glista et al. 2008) and because 
of their relatively slow speed.  For example, as reported in Fahrig et al. (2005) and 
Ehmann and Cogger (1985) a conservative estimate of 5,480,000 reptiles and 
amphibians are killed annually by traffic in Australia.  Rosen and Lowe (1994) estimate 
that tens or hundreds of millions of snakes have been killed by automobiles in the 
United States since the advent of the automotive age.  
 
Development adjacent to wetlands and riparian areas can eliminate native habitat for 
amphibians and reptiles.  Until recently, wetlands and streams were thought to be core 
habitat for semi-aquatic amphibians and reptiles, and adjacent riparian and upland 
habitats were considered merely a buffer zone to protect aquatic habitat (Semlitsch and 
Jensen 2001).  However, many reptiles and amphibians that utilize wetlands and 
streams for reproduction and juvenile life stages depend upon, and range widely into, 
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adjacent uplands as adults (Semlitsch and Bodie 2003, Rittenhouse and Semlitsch 
2007, Harper et al. 2008).  Numerous studies have documented the critical importance 
of upland areas for migration and adult habitat for amphibians and reptiles that breed in 
insolated wetlands (Joyal et al. 2001, Gibbons 2003, Semlitsch and Bodie 2003, 
Cushman 2006, Denoel & Ficetola 2008).  In an analysis of six North American 
salamander species, Semlitsch (1998) determined that 125 meters (410 feet) was the 
mean distance individuals were found from the edge of aquatic habitats and that state 
and federal wetland protections do not take into account the wide upland use of these 
aquatic organisms.  
 
The western pond turtle is a case in point.  It is listed as state endangered in 
Washington, Sensitive–Critical in Oregon, and a SSC in California.  Primary threats to 
this species are loss and alteration of both aquatic and terrestrial habitats (Bury and 
Germano 2008). However, in no state is its upland habitat effectively protected (Bury 
and Germano 2008).  Uplands adjacent to aquatic habitats are critical to this species, as 
some individuals can spend as much as seven months of each year on land as reported 
by Reese and Welsh (1998) in Bury and Germano (2008).  According to this study, 
females lay eggs as many as 400 meters (1,312 feet) from streams, however most 
nests are within 50 meters (164 feet) of the water’s edge.   
 
In northern California, many amphibians, including the federally threatened California 
red-legged frog, the Cascades frog, northern red-legged frog, and foothill yellow-legged 
frog, all depend upon upland habitats for adult life stages (Bulger et al. 2003).  In a 
California red-legged frog study, Bulger et al. (2003) found adults as far as 500 meters 
(1,640 feet) from water.  These researchers suggest adequate protection around 
California red-legged frog breeding sites can be achieved by maintaining at least 100 
meters (328 feet) of suitable habitat around wetlands.  To prevent the imminent regional 
extirpation of the Cascades frog, Fellers et al. (2008) recommend restricting habitat 
alterations within proximity to their breeding grounds.  In a study of Appalachian 
salamanders, Crawford and Semlitsch (2007) found that 95 percent of salamanders 
occupied a core terrestrial habitat within 27 meters (89 feet) of a stream.  
 
Harper et al. (2008) determined that regulations protecting 30 meters (98 feet) or less of 
surrounding terrestrial habitat are inadequate to support viable populations of pool-
breeding amphibians.  A summary of data on use of terrestrial habitats by wetland-
associated amphibians and reptiles found that core habitats ranged from 159 to 290 
meters (521 to 951 feet)  for amphibians and 127 to 289 meters (416 to 948 feet)  for 
reptiles from the edge of aquatic habitats (Semlitsch and Bodie 2003).  A California tiger 
salamander (Ambystoma californiense) habitat analysis determined 50 percent of an 
adult population was found greater than 150 meters (492 feet) from a breeding pond 
(Trenham and Shaffer 2005).   
 
Thus riparian or upland habitat surrounding wetlands and streams is documented to 
function as essential and core habitat for many aquatic and riparian-dependent 
amphibian and reptile species and should not be viewed merely as a disturbance buffer 
for aquatic habitat from surrounding land-use practices (Semlitsch and Jensen 2001).  
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The conservation of reptile and amphibian biodiversity is one of the most compelling 
biological reasons to protect small, isolated wetlands (Batzer et al. 2006) and to 
implement wider and more effective upland buffers adjacent to aquatic habitats.   
 
Fragmentation and Altered Microclimate  
Riparian habitat adjacent to streams and rivers has a controlling influence on 
microclimate characteristics of the stream corridor (FEMAT 1993).  Land management, 
such as removal of forest canopy creates an “edge effect” that results in microclimate 
changes to the remaining habitat, including changes in relative humidity, solar radiation, 
soil and water temperature, average high and low ambient temperatures, and wind 
velocity within forested areas adjacent to forest openings (FEMAT 1993, Davies et al. 
2001).  Riparian microclimate, which is often more cool and moist than adjacent 
habitats, together with stream temperatures, are important and related habitat 
characteristics of stream and river ecosystems (Franklin 1992, Moore et al. 1995).   
 
Numerous studies on the edge effects and fragmentation from adjacent land use, 
(especially forest removal) have documented significant indirect biotic and abiotic 
impacts on remnant habitats (FEMAT 1993, Brosofske et al. 1997, Chen et al. 1999).  
For example, microclimate changes in remnant habitat patches resulting from adjacent 
land use practices have been documented to extend from 15 meters (50 feet) to greater 
than 250 meters (820 feet) into remnant patches (Jules and Rathcke 1999, Gehlhausen 
et al. 2000, Zheng 2000, Davies et al. 2004, Concilio 2005).   
 
Impacts to vegetation structure in remnant forest patches adjacent to forest openings 
have been documented to include changes in species density, growth rate, volume, 
above- and below-ground biomass, and vegetation height (Brothers 1993, Fraver 1994, 
Malcolm 1994, Young and Mitchell 1994, Lovejoy et al. 1996, Laurance et al. 1998, 
Stinton et al. 2000, Franklin et al. 2004, Harper et al. 2005). 
 
Edge effect changes in vegetation composition in adjoining remnant forests, including 
species composition, species richness, and plant community have been documented by 
Russell and Jones (2002), Benito-Malvido and Martinez-Ramos (2003), Moen and 
Jonsson (2003), Watkins et al. (2003), Harper et al. (2005), Halpern et al. (2005), 
Nelson et al. (2005a), and Nelson et al. (2005b).  While changes to plant life history and 
plant/animal interactions in forest fragments, including survival, growth, development, 
reproduction, pollination, seed set and dispersal are documented by Jules and Rathcke 
(1999), Ozanne et al. (2000), Tallmon et al. (2003), and Nelson and Halpern (2005a). 
 
In their study sites in coniferous forests in Washington State, Brosofske et al. (1997) 
concluded that a minimum 45-meter buffer width (147 feet) on both sides of a stream 
(90 meter (295 feet) total buffer width) is necessary to maintain a natural riparian 
microclimate along streams.  Changes in humidity and wind speed were documented to 
extend greater than 240 meters (787 feet) from clear-cut edges into an old-growth 
Douglas-fir forest (Chen et al. 1995).  Based upon the studies cited here and elsewhere, 
there is strong evidence that adjacent land use can have a significant indirect effect on 
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the microclimate and vegetation characteristics of wetland and riparian habitats, 
especially if the land use entails habitat conversion or removal of forest vegetation. 
 
Domestic and Feral Cats  
The scientific literature suggests wildlife would substantially benefit if proposed 
residential development adjacent to wetland and riparian habitats required that domestic 
housecats be kept indoors.  Winter and Wallace (2006) report there are at least 90 
million pet cats in the United States and perhaps an equal number of feral cats.  Free-
roaming cats in the United States annually kill millions of birds, mammals, amphibians 
and reptiles—including endangered species—and predation by feral and free-ranging 
house cats is now considered one of the greatest threats to avian biodiversity (Winter 
and Wallace 2006).  Domestic cats are considered primarily responsible for the 
extinction of 33 bird species world-wide since the 1600s (Winter and Wallace 2006).  
 
During a five month period, Great Britain’s estimated nine million domestic cats brought 
home (killed) an estimated 92 million prey items, including 57 million mammals, 27 
million birds, and five million reptiles and amphibians (Woods et al. 2003). According to 
the Florida Fish and Wildlife Conservation Commission (2003), Florida has an estimated 
5.3 million owned and un-owned (feral) domestic cats that are sometimes outdoors.  It is 
estimated Florida cats annually kill millions of wildlife prey and that their ecological 
impact is best documented and has the most damaging effect on endangered species  
and other taxa with small population sizes or limited distributions (Florida Fish and 
Wildlife Conservation Commission 2003).    
 
In California, cat predation is a threat to numerous sensitive bird species, including 
California least tern, western snowy plover, California black rail, burrowing owl, and 
tricolored blackbird (Winter and Wallace 2006).  A study of the impacts of residential 
development adjacent to fragmented natural habitats in San Diego County showed: 32 
percent of residences owned cats; each residence had on average 1.7 cats; 78 percent 
let their cats outdoors; and 84 percent of outdoor cats brought back kills to the 
residence (Crooks and Soule 1999).  In this study, cat owners with outdoor cats that 
hunted returned on average 24 rodents, 15 birds, and 17 lizards to the residence 
annually.  In addition to direct predation of birds, domestic cats have been shown to 
have substantial sub-lethal effects on birds through the loss of reproductive capacity 
(reduced fecundity) (Bonnington et al. 2012). 
 
Night Light Pollution 
Artificial light is a consequence of development.  Roads and buildings typically include 
exterior night lighting and have the potential to introduce light pollution to adjacent 
wetland, marine, and riparian habitats.  Adverse ecological effects of artificial night 
lighting on terrestrial, aquatic, and marine resources such as fish, birds, mammals, and 
plants are well documented (Johnson and Klemens 2005a, Rich and Longcore 2006).  
Some of these effects include altered migration patterns and reproductive and 
development rates, changes in singing behavior in bird species Miller (2006), changes 
in foraging behavior and predator-prey interactions, altered natural community 
assemblages, and phototaxis (attraction and movement towards light), disorientation, 
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entrapment, and temporary blindness (Longcore and Rich 2004).  The Department has 
determined that artificial night lighting can significantly affect marine and near-shore 
wildlife (California Department of Fish and Game 2007).  Light pollution disrupts the 
abilities of night-foraging birds, renders seabirds more vulnerable to predation, and has 
resulted in nest abandonment and low reproductive success for brown pelicans 
(California Department of Fish and Game 2007).  Johnston et al. (2004) list artificial 
lighting as a permanent impact to bat roosts and recommend that artificial lighting be 
directed away from bat roosts or possibly shaded by trees.  
 
In an experimental study, Becker et al. (2013) found that artificial light associated with 
human-made structures has the potential to alter fish communities within urban 
estuarine ecosystems by creating optimal conditions for predators. Future coastal 
development should consider the ecological implications of lighting on aquatic 
communities. They recommend lighting be minimized around coastal infrastructure and 
the use of red lights, which have limited penetration through water, be considered 
(Becker et al. 2013).  Research on the effects of artificial lighting on salmonid 
populations indicate that increased light intensity appears to slow or stop out-migrating 
juvenile salmon and affects feeding patterns.  Juvenile salmonids in the presence of 
increased artificial night lighting may be more vulnerable to predation (McDonald 1960, 
Patten 1971, Ginetz and Larkin 1976, Tabor et al. 2004).   
 
Stormwater Runoff Pollution  
Non-point source pollution found in urban stormwater runoff is recognized as a leading 
threat to the nation’s water quality (USEPA 1999).  Two comprehensive assessments of 
the nation’s management of oceans and coastal resources determined non-point source 
pollution is one of the most significant emerging threats to aquatic species and that non-
point source pollution represents the greatest pollution threat to oceans and coasts 
(Pew Ocean Commission 2003, U.S. Commission on Ocean Policy 2004).  According to 
the California Department of Fish and Game (2007), 40,000 tons of contaminants 
(heavy metals, pesticides, fertilizers, polychlorinated biphenyls, etc.) enter the Bay Delta 
annually from urban and agricultural runoff.  
 
Urbanization and other forms of development increase the runoff of pollutants from 
terrestrial landscapes to aquatic habitats.  Non-point source pollutants in stormwater 
runoff, such as petroleum products, metals, pathogens, nutrients, pesticides, and 
domestic animal feces are well documented as having acute and chronic lethal and sub-
lethal effects on salmonids and other aquatic organisms.  For instance, polycyclic 
aromatic hydrocarbons, a byproduct of petroleum use, are a pervasive component of 
stormwater runoff and are documented to have numerous detrimental health effects on 
salmonid fishes (Incardona et al. 2004, 2005).  These contaminants originate from 
commercial, industrial, residential and agricultural land uses and are mobilized from 
roads, roofs, farms, lawns, crops and other surfaces and transported by rainwater to 
aquatic habitats.  Stream habitat quality has been shown to degrade when impervious 
surfaces, such as buildings, roads, and parking lots cover greater than 10 percent of a 
watershed, with severe degradation expected beyond 25 percent (Arnold and Gibbons 
1996, Watershed Protection Research 2003).  In West Virginia, biological integrity 
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ratings of poor or very poor occurred in catchments with less than 7 percent urban land 
use (Snyder et al. 2003).   
 
Moore and Palmer (2005) studied invertebrate biodiversity in 29 small headwater 
streams in rapidly urbanizing agricultural lands near Washington, D.C.  They made two 
significant findings with important conservation implications: 1) Invertebrate biodiversity 
was extremely high in agricultural headwater streams and progressively declined along 
a land-use gradient toward urbanization.  2) In urban streams, there was a strong 
positive relationship between intact riparian forest buffers and in-stream biodiversity.  
This suggests agricultural preservation programs (e.g. regional conservation 
approaches that include sufficient buffers and other appropriate conservation measures) 
are likely important to conserve freshwater biodiversity in urbanizing areas. Their study 
suggests that efforts to preserve and restore urban riparian buffers may mitigate some 
of the impacts of urbanization on watersheds, even where there is a substantial amount 
of development.  They conclude that from a biodiversity perspective, headwater streams 
in areas already highly urbanized should not be viewed as “lost causes” given the on-
site and down-stream ecosystem services they provide (Moore and Palmer 2005). 
 
Essentially any surface which does not have the capability to pond and infiltrate water 
will produce runoff during storm events. When a land area is altered from a field, farm or 
forest ecosystem to an impervious urbanized land use the hydrology of the system is 
altered.  Water, which was previously infiltrated into the soil and converted to 
groundwater, utilized by plants and evaporated or transpired into the atmosphere, is 
now converted directly into surface runoff (USEPA 2000, OPR 2009). 
 
As watersheds urbanize, streams receive larger volumes of stormwater runoff, which 
results in a greater frequency and intensity of flood events (USEPA 2000, Office of 
Planning and Research 2009). This in turn often leads to stream channel instability, 
channel widening and scour, and the introduction of larger amounts of sediment to 
urban streams.  Visible impacts include eroded and exposed stream banks, fallen trees, 
sedimentation, and recognizably turbid conditions.  The increased flooding frequency of 
urban areas also poses a threat to public safety and property.  In the Russian River 
watershed of Sonoma County, Lohse et al. (2008) found that even low-density exurban 
development resulted in fine sediment inputs to streams, which negatively and 
significantly degraded endangered salmon spawning and rearing habitat.  Both water 
quality and water quantity impacts associated with stormwater runoff combine to 
degrade stream habitats.   
 
Paved surfaces such as roads, parking lots, and driveways create effective conduits for 
oil, grease, and other toxic pollutants to enter into coastal waters.  Every eight months, 
nearly 11 million gallons of oil runs off streets and driveways into the nation’s waterways 
(Pew Ocean Commission 2003).  Rooftops, another fixture of development and 
urbanization, are also known to be both sources and pathways for contaminated runoff 
(Van Metre and Mahler 2003).  Metal roofing, for instance, is a source of cadmium and 
zinc, while asphalt shingles are a source of lead.  Asphalt shingle and galvanized metal 
roofs can leach numerous contaminants to stormwater, but they also catch and deliver 



Technical Memorandum: Development, Land Use, and Climate Change Impacts on Wetland and Riparian Habitats 
California Department of Fish and Wildlife, Northern Region, May 21, 2014 

 

Page 20 of 53 
 

fallout from airborne contaminants released from vehicles, such as copper from brake 
pads and cadmium from tires (Van Metre and Mahler 2003).  Concentrations of zinc and 
lead from rooftop runoff samples have been shown to exceed established sediment 
quality guidelines for probable toxicity of bed sediments to benthic biota (Van Metre and 
Mahler 2003).   
 
Motor vehicles are a major source of toxic stormwater contaminants such as copper, a 
metal that originates from vehicle exhaust and brake pad wear and is then transported 
to aquatic habitats via stormwater runoff.  Dissolved copper has become a common 
non-point source pollutant in urbanized watersheds and is now a widely distributed 
contaminant in lakes, rivers, and coastal marine environments (Linbo et al. 2006, 
McIntyre et al. 2008).  Dissolved copper is neurotoxic to fish and is especially known to 
interfere with the normal function of the peripheral olfactory nervous system (McIntyre et 
al. 2008). Copper-containing stormwater runoff from urban landscapes has the potential 
to cause chemosensory deprivation and increased predation mortality in exposed 
salmon (Sandahl et al. 2007).  
 
California leads the nation in agricultural pesticide use and pesticides are a common 
component of stormwater pollution in the State.  According to the California Department 
of Pesticide Regulation, more than 173 million pounds of pesticides were used in 
California in 2010 (California Department of Pesticide Regulation 2012).  While 
agriculture is the major category of pesticide use in California subject to reporting, other 
commercial and residential uses such as landscaping utilize millions of pounds annually 
(California Department of Pesticide Regulation 2012).  Pesticides are frequently 
detected in northern California salmon habitats (Guo et al. 2004, Scholz et al. 2006, 
Gilliom 2007).  Transport of pesticides by surface runoff during rainfall events is a major 
process contributing to pesticide contamination in the Sacramento River (Guo et al. 
2004). More than half of the water samples from certain drainages in California’s 
Central Valley contained more than seven different pesticides (Scholz et al. 2006).   
 
Mixtures of pesticides that have been commonly reported in salmon habitats may pose 
a greater challenge for species recovery than previously anticipated (Domagalski et al. 
2000, Laetz et al. 2009).  Certain combinations of pesticides occurring in salmon 
streams can have additive cumulative neurotoxicity and behavioral effects on salmon 
under natural exposure conditions, and therefore the ecological risk of pesticide impacts 
on salmon recovery may be underestimated (Scholz et al. 2006).  Another study 
concluded that several combinations of organophosphates were lethal to Pacific salmon 
at concentrations that were sub-lethal in single-chemical trials (Laetz et al. 2009).  
Exposures to low, environmentally realistic concentrations of one type of pesticide 
(chlorpyrifos) are closely correlated to reductions in swimming speed and feeding rates 
of salmon (Sandahl et al. 2005).  Reductions in salmon feeding rates are likely to lead to 
reductions in the size of exposed salmon at the time of their seaward migration—an 
important determinant of individual salmon survival at sea. According to McCarthy et al. 
(2008), toxic stormwater runoff, urbanizing coastal streams, and coho salmon die-offs 
“…foreshadow potential future threats to wild salmon populations in developing 
watersheds in northern California and the Pacific Northwest.”   
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There is also ample research that links pesticides to amphibian declines (Sparling et al. 
2001, Davidson 2004).  Extensive experimental data show that insecticides and 
herbicides have profound impacts to the biodiversity and productivity of aquatic 
communities, including severe tadpole mortality (Relyea 2005).  Organophosphate 
pesticides are “ubiquitous in the environment and are highly toxic to amphibians” and 
are directly related to their declines in California (Sparling and Fellers 2007, 2009).  
Their data suggest that because of pesticide use, agricultural runoff in California’s 
Central Valley is toxic to amphibians.   
 
The scientific literature suggests that unmitigated stormwater runoff has a variety of 
negative impacts to wetland and riparian resources, and measures to reduce 
stormwater runoff from developed areas are imperative. Low-impact development 
elements such as pervious surface technologies for driveways and walkways, vegetated 
(green) roofs (Voelz 2006), disconnected downspouts, water gardens and vegetated 
swales may be used to maximize pervious surfaces and capture and maintain on-site 
stormwater percolation and treatment and maintain and improve the water quality of 
aquatic habitats (USEPA 2000).  In essence, the purpose of low-impact development is 
to slow, spread, and sink (infiltrate into the ground) stormwater on-site to the maximum 
extent practicable, rather than to store, concentrate and drain stormwater off-site as 
quickly as possible. 
 
By using low-impact development, projects generally seek to maintain to the greatest 
extent practicable, post-project pervious surfaces and minimize off-site stormwater 
runoff (USEPA 2000, OPR 2009.  Low-impact development design elements benefit 
aquatic resources by: 1) filtering out pollution and increasing the quality of stormwater 
runoff; 2) decreasing peak flows, flood risks and erosion in downstream waters; and 3) 
increasing ground water recharge and therefore helping maintain biologically-important 
summer low flows in adjacent streams and wetlands (USEPA 2000, OPR 2009).  Low-
impact development has been shown to be economical, has documented effectiveness 
in reducing stormwater pollution, protecting stream integrity and ocean health, and 
therefore its use has become highly promoted (California Ocean Protection Council 
2008, SWRCB 2008). 
 
CLIMATE CHANGE IMPACTS  
 
According to the California Global Warming Solutions Act of 2006, climate change is 
now considered one of the greatest threats to California’s ecosystems.  Based upon 
current projections, by the end of this century California’s climate will be considerably 
warmer than today’s, snowpack will be substantially diminished, what snowpack occurs 
will melt much earlier in the year, and relative sea levels will have risen (California 
Energy Commission 2005, 2009a, 2009b, 2009c, USGCRP 2009). 
 
California is especially vulnerable to the impacts of climate change and sea level rise 
because of its geographic location, long coastline, Mediterranean climate, extensive 
mountain and river systems, large population, and massive agricultural output (Snyder 
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et al. 2002, Snyder and Sloan 2005, California Energy Commission 2009a, 2009c).  
California is also more vulnerable to climate fluctuations, relative to the rest of the U.S., 
because it derives a disproportionate percentage of its water supply from only a small 
number of winter storms, typically in the form or “atmospheric rivers” (Dettinger 2011, 
Dettinger et al. 2011).   
 
In the coming decades, climate change is anticipated to exacerbate further the loss of 
California’s ecosystems and the services they provide (California Energy Commission 
2009d).  Already there is sufficient experimental and empirical evidence to generate 
high confidence that climate change is presently impacting wildlife species and natural 
systems across the globe (Parmesan and Yohe 2003, Parmesan 2006, California 
Energy Commission 2009d). 
 
Regional climate models, based upon future greenhouse gas (GHG) emission 
scenarios, suggest warmer average temperatures and changes in precipitation patterns 
will occur, the total amount of water availability in California will decrease over this 
century, water needs will increase, and the timing of water availability will be greatly 
perturbed (Leung and Ghan 1999, Snyder et al. 2002, Leung et al. 2004, Snyder et al. 
2004, Snyder and Sloan 2005, California Energy Commission 2009c). 
 
These climatic changes are anticipated to result in region-wide deficits in spring and 
summer runoffs, which will intensify human competition for a diminishing water supply 
and leave natural systems and aquatic and riparian species severely impacted (Snyder 
et al. 2004, Snyder and Sloan 2005, Schlenker et al. 2007). 
 
Air Temperature Increase /Extreme Heat Days 
When averaged across the state, and across all GHG emission scenarios, both 
minimum and maximum air temperatures are projected to increase over the 21st 
Century (California Energy Commission 2009d).  Three recent air temperature climate 
change projections are included in the table below. 
 
Projected Changes in Air Temperature for Three Regi ons and Time Periods under 
Existing GHG Emission Conditions. 

Region Next Two Decades Mid-21st Century End of 21st Century 
Klamath 
Basin 

--- 1.1 to 2.0 °C (+2.1 to 3.6 
°F) 

2.5 to 4.6 °C (+4.6 to 7.2 °F) 

California 0.6 to 1.3 °C (~1.1 to 
2.3°F) 

0.8 to 2.3 °C (~1.4 to 
4.1°F) 

1.5 to 4.2 °C (~2.7 to 7.5°F) 

Pacific 
Northwest 

1.6 °C (+3.0 °F)  2.0 to 2.8 °C (+3.6 to 5.0 
°F) 

2.8 to 4.6 °C (+5.1 to 8.3 °F) 

Source: California Energy Commission 2009d, Koopman et al. 2009, USGCRP 2009; Barr et al. 2010. 
 
Water Temperature Increase 
Warmer air temperatures and other effects of climate change are expected to result in 
higher water temperatures in California’s streams and rivers, which in turn could 
significantly decrease suitable habitat for some freshwater fishes (Poff et al. 2002, 
Mohseni et al. 2003, Yates et al. 2008, Wenger et al. 2011).  Increased water 
temperatures reduce growth rates in fish and increase their susceptibility to disease, 
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while warmer water also holds less dissolved oxygen, which can reduce survival in 
juvenile salmonids (Moyle 2002, California Department of Fish and Game 2007).  
Klamath River water temperature is projected to increase by approximately 2.8 to 3.3 °C 
(5 to 6 °F) during the 21st century (Reclamation 2011).  Wenger et al. (2011) project 
substantial declines in habitat for trout species in the interior western United States due 
to climate change-related altered flow regimes and increased water temperatures.  Due 
to a warming climate, by 2090, 25 to 41 percent of currently suitable California streams 
may be too warm to support trout (O’Neal 2002).  In the upper Sacramento River Basin, 
increased water temperatures could exceed the physiological tolerances of eggs and 
juveniles of winter and spring run Chinook salmon (Yates et al. 2008).   
 
Decreased Snowpack, Earlier Snowmelt, Lower Spring and Summer Flows  
Numerous studies indicate that a warmer future climate in California will result in more 
winter precipitation falling as rain instead of snow and will cause snowmelt runoff to shift 
earlier in the season (Kim 2001, Kim et al 2002, Knowles and Cayan 2002, Snyder et al. 
2002, Miller et al. 2003, Hayhoe et al. 2004, Leung et al. 2004, Snyder et al. 2004, 
Vanrheenen et al. 2004, Snyder and Sloan 2005).  
 
By 2090, a projected 2.1 °C (~3.8°F) temperature increase is expected to reduce the 
April snowpack of the Sacramento/San Joaquin Basin by approximately half, with losses 
being most severe in the northern Sierra Nevada and Cascade Mountains—which 
would lose 66 percent of their April snowpack (Knowles and Cayan 2002).  This would 
in turn result in an approximate 20-percent reduction in historical annual spring runoff, 
and associated increases in winter flood peaks for the Sacramento/San Joaquin 
watershed (Knowles and Cayan 2002).  With a doubling of atmospheric carbon dioxide 
from 280 to 560 parts per million, Snyder et al. (2002) project an 82-percent decrease in 
snow accumulation by the end of February in the central Sierra Nevada.  Using two new 
climate models with different emission scenarios, Hayhoe et al. (2004) project a 50 to 
75-percent and a 73 to 90-percent reduction in Sierra Nevada snowpack before 2100.  
A 60 to 70-percent reduction in snowpack in the Coast Ranges of California and Oregon 
is projected by 2040-2060 (Leung et al. 2004).   
 
According to Maurer (2007), changes in precipitation, temperature, and snow water 
equivalence, will result in an earlier arrival of annual flow volume of 36 days in the 
Sierra Nevada by 2071-2100, with related decreases in spring and summer flows.  As a 
result of less snowpack and earlier snowmelt, California can expect significantly less 
spring and summer runoff (Snyder et al. 2004) resulting in less water for ecosystem 
services, less reservoir capture, a diminished water supply for human uses, and greater 
conflict over the allocation of a diminished supply (Knowles and Cayan 2002, Kim et al. 
2002, Snyder et al. 2004, Schlenker et al. 2007, Oregon Climate Change Research 
Institute 2010, Mayer and Naman 2011).  A higher percentage of winter precipitation 
falling as rain rather than snow and the potential for more rain-on-snow events, also 
indicates greater flood frequencies during the cold season (Kim et al. 2002). 
 
Aquatic ecosystems are likely to be impacted by these changes.  Plants and animals 
that rely on snowmelt runoff or regular summer flows will experience streams and rivers 
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with substantially lower summer flows or that goes dry much earlier in the year.  Water 
temperatures are also likely to be warmer due to the decreased contribution of 
snowmelt (Carpenter et al. 1992, Snyder et al. 2004).  In arid and semi-arid regions 
especially, riparian ecosystems are extremely sensitive to altered flow regimes and are 
likely to be degraded by diminished stream flows (Carpenter et al. 1992, Poff et al. 
1997). 
 
Extreme Precipitation and Flood Events 
In a global study assessing the effects of a doubling of atmospheric carbon dioxide 
concentrations, Zwiers and Kharin (1998) project greater and more frequent extreme 
precipitation events almost everywhere, with a globally-averaged 20-year return event 
increasing by about one centimeters of rain per day, or less than 10 percent, and return 
periods for extreme precipitation events shortening by a factor of two.  Regional climate 
projections indicate northern California is likely to experience an increase in the 
frequency and intensity of high precipitation and high runoff (extreme) storm events 
during the 21st Century (Bell et al. 2004, Kim 2005, Kim et al. 2002, Snyder et al. 2002, 
Kunkel 2003, Maurer 2007, California Energy Commission 2009c, USGCRP 2009, 
Mannshardt-Shamseldin et al. 2010, Dettinger 2011, Ralph and Dettinger 2011).   
  
By projecting changes in streamflow output for eighteen stream gauging stations 
statewide, California Energy Commission scenarios show all California rivers studied 
will have an increase in average flow during January to April by the end of the century 
(years 2070–2099) compared to historical periods (California Energy Commission 
2009c).  Projections under certain high GHG scenarios predict spikes in February river 
flows of 60 percent above historic levels, and increases in December river flows of 20 
percent to almost 40 percent in other scenarios (California Energy Commission 2009c). 
 
Diffenbaugh (2005) projected an increase of up to 10 extreme precipitation events per 
year in the Pacific Northwest (up to a 140-percent increase) under a higher emission 
scenario with some variation depending on location within the region.  While Bell et al. 
(2004) project the North Coast and North Lohontan (Modoc and Lassen Counties) 
basins average an additional 2.5 heavy rainfall events per year with a doubling of 
atmospheric carbon dioxide concentrations. 
 
Future changes in the frequency and magnitude of extreme temperature and 
precipitation events could severely impact natural ecosystems such as wetland and 
riparian habitats (Anderegg et al. 2012), through changes in plant community 
composition and distribution, increased risk of species invasions and exotic diseases, 
and extinction (Diffenbaugh 2005).  Based upon the scientific literature, climate change 
impacts on wetland and riparian habitats are anticipated to increase in the future, while 
simultaneously, the importance of these habitats to mitigate the impacts of climate 
change on fish and wildlife will become even more valuable. 
 
Sea Level Rise 
Sea level rise has enormous implications for coastal planning, land use, development, 
and the conservation of fish and wildlife habitat along California’s 1,350 kilometer-long 
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(~840 miles) coast and is therefore of significant statewide concern (California Energy 
Commission 2006, 2009a, Executive Order S-13-08).  The Intergovernmental Panel on 
Climate Change, IPCC (2007), estimates that global sea level rose an average of 1.7 ± 
0.5 millimeters per year over the 20th century, based on tide gauge data from around the 
world and that sea level rose an average 3.1 ± 0.7 millimeters per year from 1993 to 
2003, based upon precise satellite altimetry measurements.  Tidal gauge data for 
California and the west coast of the United States have shown a similar trend in sea 
level rise (California Energy Commission 2006, 2009a). 
 
Using future warming scenarios from IPCC (2007), Rahmstorf (2007) projected sea 
level rise by 2100 of 50 to 140 centimeters (~20 to 55 inches) above the 1990 level.  A 
more recent analysis by Vermeer and Rahmstorf (2009), also using IPCC (2007) future 
warming scenarios, projects a sea level rise ranging from 75-190 centimeters (~30 to 75 
inches) for the period 1990-2100.  The most recent and detailed analysis of sea level 
rise for California’s coast projects the following: south of Cape Mendocino, sea level will 
rise 4-30 centimeters by 2030 relative to 2000, 12-61 centimeters by 2050, and 42-167 
centimeters by 2100; north of Cape Mendocino, sea level is projected to change 
between -4 centimeters (sea-level fall) and +23 centimeters by 2030, -3 centimeters and 
+48 centimeters by 2050, and 10-143 centimeters by 2100 (National Academy of 
Sciences 2012).  The relative difference in sea level projected north and south of Cape 
Mendocino is primarily related to differences in coastal uplift rates due to plate tectonics.  
Changes in relative sea level rise are geographically variable because of local and 
regional differences in tectonic uplift; land subsidence; post-glacial isostatic rebound; 
compaction of sedimentary soils; oil, natural gas, and water withdrawal; and 
gravitational and deformational effects related to melting polar ice (USEPA 1988, 
Galbraith et al. 2002, Scavia et al. 2002, National Academy of Sciences 2012).   
 
There is strong scientific consensus that coastal marine ecosystems, along with the 
goods and services they provide, are threatened by sea level rise (Church and Gregory 
2001, Scavia et al. 2002, Harley et al. 2006, Nicholls and Tol 2006, California Energy 
Commission 2009a, USGCRP 2009).  As a result of sea level rise, coastal areas 
worldwide are expected to experience higher rates of coastal erosion, flooding, 
inundation, and storm surges over the coming decades (USEPA 1988, Church and 
Gregory 2001, California Energy Commission 2006, 2009a, USGCRP 2009).  According 
to Nicholls et al. (1999), by the 2080s, sea level rise could cause the loss of up to 22 
percent of the world’s coastal wetlands. 
 
Increased sea levels, especially in combination with storm-driven surges, extreme 
waves, intense low-pressure autumn or winter storms, high tides, and El Niño 
conditions, are predicted to result in extensive flooding in coastal regions of California 
and the Pacific Northwest and significant damage to coastal infrastructure (California 
Energy Commission 2006, USGCRP 2009, National Academy of Sciences 2012).  
Kelvin waves, for instance, are generated in the tropical western Pacific during El Niño 
events and can intensify the impact of Northcoast winter storms.  These waves move 
northward up the California coast bringing an influx of warm water and raising sea level 
by 15-25 centimeters (6-10 inches) as they pass (California Energy Commission 2006).    
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In an analysis of 140 years of tidal data from central California, Bromirski et al. (2003) 
found that since about 1950, California has experienced a significant increasing trend in 
extreme winter storms resulting in extreme high sea level residuals.  Intense storm 
events cause the greatest coastal erosion and have the greatest impact on coastal 
development (Bromirski et al. 2003).  In the past two decades, California has 
experienced significant increases in annual maximum wave heights and in the number 
of waves classified as extreme as a result of more intense El Niño events, though it is 
yet unclear if this trend is related to climate change (Seymour 2003).   
  
Climate models predict the number of occasions when high sea levels and high river 
flows coincide will increase markedly in this century (California Energy Commission 
2009b).  According to California Energy Commission (2009b), “The combined impacts 
of sea level rise (and high sea-level stands) with concurrent river flood flows have the 
potential to imperil many smaller coastal and estuarine settings and communities along 
the California coast.”  Sea level rise and related coastal erosion are expected to result in 
substantial losses of coastal wetland and intertidal habitats in the future (Nicholls et al. 
1999, Galbraith et al. 2002, California Energy Commission 2006, 2009a). 
 
A significant amount of coastline on the North Coast is located in the Erosion High 
Hazard Zone delineated on the California Flood Risk Sea Level Rise Maps and the built 
environments in these areas are threatened by sea level rise (California Climate 
Change Portal 2013).  Because coastal wetlands are also particularly vulnerable to sea 
level rise-related inundation, flooding, and coastal erosion, undeveloped lands in or 
immediately adjacent to the coastal floodplain may be the only areas suitable for future 
wetland or estuarine habitat maintenance, restoration, and inland migration.   
 
The California Energy Commission (2009a) includes the following sea level rise-related 
principles for adaptation and recommended practices and policies: 

• Sea level rise must be integrated into the design of all coastal structures.  
• Current efforts to build, maintain, or modify structures in coastal areas at risk of 

sea-level rise must be based on current estimates of projected rise. 
• Development should be prohibited on land immediately adjacent to wetlands at 

risk of sea level rise.  These buffer areas may be the only areas suitable for 
future wetland restoration projects. 

• In areas at risk from sea level rise that are not heavily developed, local 
communities and coastal planning agencies have the opportunity to limit 
development and reduce future threats to life and property. 

 
In summary, climate science indicates that in the coming decades, northern California is 
likely to experience warmer air and surface water temperatures, wetter winters, less 
snowpack and faster snowmelt, more frequent and severe drought, an increase in the 
frequency and severity of winter storms and flood events, and a rise in relative sea 
levels.  Based upon the above, wetland and riparian habitat’s stream shading and 
cooling abilities, erosion-buffering properties, floodwater storage capacity, and 
groundwater recharge capabilities will be of even greater importance to fish and wildlife 
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in the future.  The scientific literature indicates that over the coming decades, it is highly 
likely climate change will magnify the already substantial adverse effects of land use 
and development on California’s wetland and riparian habitats, even as their 
ecosystems  services become more valuable.  For these reasons, effective land use 
planning and project impact analysis and mitigation should include an assessment of 
future climate change and sea level rise impacts, when appropriate. 
 
BUFFER EFFECTIVENESS 
 
In its recommendations regarding the California Fish and Game Commission’s Wetland 
Resources Policy, the Department stated that wetlands and associated uplands 
complement one another and that numerous animals found in wetlands are, 
nevertheless, at least partially dependent upon associated uplands.  The Department 
recommended that buffers between proposed development and aquatic habitats should 
be included as an integral component of all mitigation plans for project impacts.  The 
Department concluded that a “(f)ailure to retain this ecological bond between wetland 
and associated uplands will result in the creation of isolated wetland enclaves scatted 
throughout highly urbanized areas and result in indirect loss of wetland habitat values.”      
 
Riparian buffer or reserve guidelines developed by various jurisdictions reflect a 
diversity of management objectives, including the protection of water quality and wildlife 
habitat (Richardson et al. 2005).  Riparian and wetland vegetation improves stream and 
wetland water quality by removing sediment, organic and inorganic nutrients, and toxic 
materials (Belt and O’Laughlin 1994, Mitsch and Gosselink 2000, USDA 2000, Meyer et 
al. 2006).  Riparian buffers help keep pollutants from entering adjacent waters through a 
combination of processes including dilution, sequestration by plants and microbes, 
biodegradation, chemical degradation, volatilization, and entrapment within soil 
particles.  The scientific literature shows effective wetland, stream and riparian buffers, 
in combination with other conservation strategies, may help to avoid and mitigate for the 
land use and development impacts described in the preceding sections of this Technical 
Memorandum.  Site specific conditions may justify wider or narrower, or variable buffer 
widths.  Such circumstances may include, for example, the presence of State or 
federally-listed species, SSC or especially sensitive or significant habitats, such as 
coastal lagoons or vernal pool complexes.  Special consideration should be given to 
vernal pool buffer widths because vernal pool hydroperiods are acutely driven by the 
characteristics of surrounding uplands such as soil characteristics, gradient, size and 
configuration of the uplands, and potential hydrologic project impacts.    
 
While no set habitat buffer width or mitigation strategy can be shown to be effective or 
necessary in all instances, the most recent and best available science provides 
technical guidance on buffer width and other buffer characteristics that are likely to be 
most effective on a landscape-scale.  For example, road construction and forest 
removal on surrounding lands was shown to significantly affect biodiversity in adjacent 
wetlands (Findlay and Houlahan 1997).  Their data suggest wetland policies that only 
protect the wetland or a narrow buffer zone around its perimeter, “…are unlikely to 
provide adequate protection for wetland biodiversity (Findlay and Houlahan 1997).”   



Technical Memorandum: Development, Land Use, and Climate Change Impacts on Wetland and Riparian Habitats 
California Department of Fish and Wildlife, Northern Region, May 21, 2014 

 

Page 28 of 53 
 

 
There is substantial evidence showing narrow buffers are considerably less effective in 
minimizing the effects of adjacent development than wider buffers (Castelle et al. 1992, 
Brosofske et al. 1997, Dong et al. 1998, Kiffney et al. 2003, Moore et al. 2005).  Hilty 
and Merelender (2002), for instance, studied the use of stream corridors by predatory 
mammals in Sonoma Co. California, and found habitat use varied greatly by riparian 
corridor width.  They sampled three riparian corridors types: 1) denuded corridors had 
very little natural vegetation along the creek; 2) narrow corridors had a strip of 
vegetation ranging from 10 to 30 meters on each side of the creek; and 3) wide 
corridors had more than 30 meters of natural vegetation on each side of the creek.  Key 
results of their study include: 1) “Significantly more species of mammal predators were 
detected in wide riparian corridor sites than narrow or denuded sites;” 2) “A greater 
diversity of all mammalian predators and more native mammal predators were found in 
wide riparian corridors, compared to narrow or denuded corridors;” 3)  “Large native 
predators were detected primarily in wide riparian corridors, and smaller native and non-
native mammalian predators, especially the domestic cat, were more active in narrow 
and denuded riparian corridors” (Hilty and Merelender 2002). 
 
Substantial research conducted in diverse riparian habitats across North America has 
shown that buffers of at least 50 to 100 meters wide (164 to 328 feet) are required to 
maintain avian biodiversity (Fischer and Fischenich 2000).  Friesen et al. (1995) found 
that Neotropical songbirds consistently decreased in diversity and abundance as the 
level of adjacent development increased.  Their study showed 10 acre (four hectare) 
woodlots without any nearby houses had on average a richer, more abundant 
Neotropical bird community than 61 acre (25-hectare) urban woodlots.  On streams in 
southeastern British Columbia, Canada, Kinley and Newhouse (1997) determined that 
riparian reserves averaging 70 meters wide (230 feet) are needed to support near-
natural densities of riparian-associated birds.  In a study of boreal mixed-wood forest in 
Alberta, Canada, Hannon et al. (2002) found forest-dependent bird species declined as 
riparian buffer widths narrowed from 200 to 100 meters (656 to 328 feet).  They found 
20-100 meter (65-328 feet ) riparian buffers would not conserve forest songbird 
populations, but 200 meter-wide (628 feet) buffers would maintain pre-timber harvest 
passerine bird communities (Hannon et al. 2002). 
 
Numerous other studies document how human activities in natural areas disturb bird 
populations and reduce bird diversity, abundance, and reproductive success (Burger et 
al. 2004, Banks and Bryant 2007, Fernandez-Juricic 2002, Rodgers and Smith 1997).  
According to the USACE technical note, “If avian habitat is a management objective, 
managers should consider managing for riparian zones that are at least 328 feet (100 
meters) wide.” (Fischer 2000).  This USACE recommendation applies to either side of 
the channel in larger river systems and to total width for lower-order streams and rivers 
(Fischer 2000).   
 
Because of the impacts of edge effects on riparian habitat, Crawford and Semlitsch 
(2007) recommend an overall buffer of 97 meters (318 feet) for southern Appalachian 
salamander streams.  Harper et al. (2008) determined that regulations protecting 30 
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meters (98 feet) or less of surrounding terrestrial habitat are inadequate to support 
viable populations of pool-breeding amphibians.  Olson et al. (2007) recommend a 
conservation approach that utilizes riparian management zone buffers of 40 to 150 
meters wide (131 to 492 feet) on headwater streams to accommodate terrestrial life 
history functions of riparian associated fauna. 
 
According to the USEPA, riparian buffers are a best management practice that should 
be used in conjunction with comprehensive watershed management plans to control 
and reduce point and non-point sources of nitrogen into the nation’s aquatic habitats 
(Mayer et al. 2006).  As buffer width increases, the effectiveness of removing pollutants 
from surface water runoff increases (Castelle et al. 1992).  To protect water quality in 
Oklahoma’s streams, a 29 meter-wide (95-feet) riparian buffer is recommended by the 
Oklahoma Cooperative Extension Service (Harmel et al. undated).  By using benthic 
macroinvertebrate levels and salmonid egg development, studies generally found 30 
meter (approximately 100 feet) buffers were effective in preventing water quality 
impacts from stormwater runoff (Castelle et al. 1992).  For Georgia streams, a 30 meter 
(approximately 100 feet) wide riparian buffer is considered sufficiently wide to trap 
sediments under most circumstances, although it is recommended buffers should be 
extended for steeper slopes (Wenger and Fowler 2000). 
 
Effective buffers also minimize disturbance to wetland and riparian habitats by limiting 
human access, minimizing refuse dumping and invasive species introductions, and by 
blocking transmittal of light and noise.  In an analysis of wetland buffer width 
effectiveness on 100 coastal wetland sites in New Jersey, Shisler et al. (1987) found 
disturbance levels (dumping, vegetation removal, illegal lot build-out, etc.) were double 
at sites with narrow buffers, less than 50-feet (15 meters), than buffers 30 meters 
(approximately 100 feet) wide or greater.  Buffers of 100-feet and greater (>30 meters) 
provided significantly more protection and lower levels of disturbance than buffers less 
than 50-feet wide (Shisler et al. 1987, Castelle et al. 1992).  This study recommends 
buffer widths of 100, 100, and 150-feet (approximately 30, 30, and 45 meters), 
respectively for salt marshes, hardwood swamps, and tidal freshwater marshes for high 
intensity land uses such as high-density residential and industrial/commercial 
development (Shisler et al.1987, Castelle et al. 1992).  According to the Natural 
Resources Conservation Service, “…a minimum buffer of 30 meters (approximately 100 
feet) on both sides of the stream is recommended for sufficient stream protection. This 
usually amounts to a buffer that is 3-5 mature trees wide on each side of the stream” 
(Natural Resource Conservation Service 2004).   
 
From a literature review conducted by Castelle et al. (1994), it appears buffers of less 
than 5 to 10 meters (16 to 33 feet) provide little protection of aquatic resources under 
most conditions.  Based upon their analysis, buffers necessary to protect wetlands and 
streams should be 15 to 30 meters (approximately 50 to 100 feet) in width under most 
circumstances (Castelle et al. 1994).  However, these authors note that site-specific 
conditions may indicate a need for substantially larger buffers or somewhat smaller 
buffers. 
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Brosofske et al. (1997) studied the effect timber harvesting had on the microclimate of 
adjacent riparian forests in western Washington State. Their research concluded that a 
buffer at least 45 meters wide (approximately 150 feet) on each side of a stream is 
necessary to maintain a natural riparian microclimate along the streams they studied, 
which were characterized as having a 70 to 80-percent overstory canopy of 
predominantly conifers, and a regional climate typified by hot, dry summers and mild, 
wet winters (Brosofske et al. 1997).  However, these researchers also found, depending 
on the microclimate variable, buffer widths of up to 300 meters (984 feet) may be 
needed to maintain an unaltered microclimate (see Chen et al. 1999).   
 
In California’s Coastal Zone, development buffers on streams, wetlands, and other 
environmentally sensitive habitat areas are determined by local coastal plans (LCPs).  
The most common buffer dimension required in city and county LCPs is 100 feet 
(California Coastal Commission 2007).  According to a report by the California Coastal 
Commission, the majority of LCPs state a 100-foot (30 meter) buffer is the minimum 
standard, and especially sensitive habitats may require a larger buffer.  Despite this, the 
report found that across the state, the width of currently applied LCP buffers fall short of 
buffer dimensions shown to be effective by the scientific literature (California Coastal 
Commission 2007).  The Coastal Commission’s analysis showed 30 to 59 meter-wide 
(approximately 100 to 195 feet) riparian buffers are generally accepted in the scientific 
literature as effectively protecting aquatic resources (California Coastal Commission 
2007). 
 
The scientific literature indicates an appropriate wetland or riparian buffer width would 
depend upon a number of site-specific characteristics, including: the area and type of 
habitat being buffered; presence of habitat for sensitive species and their potential 
habitat use (e.g. breeding vs. foraging or resting); sensitivity of the habitat or target 
wildlife species to disturbance; site topography, slope, slope stability, and soils; the 
habitat’s rarity, quality, and connectivity or isolation from other natural communities; the 
habitat’s potential for restoration; and the potential direct and indirect impacts from 
proposed adjacent development or other land use.  
 
Utilizing the California Rapid Assessment Method (CRAM) is one tool that may help 
evaluate some of these habitat characteristics (California Wetlands Monitoring 
Workgroup 2009).  However, given the diversity of wetland and riparian-dependent 
species and variability in potential direct and indirect impacts of development and land 
uses, numerous science-based buffer widths have been recommended to protect and 
maintain water quality and wildlife habitat. 
 
For instance, according to a summary of the scientific literature by Fischer et al. (2000), 
buffer widths to protect and maintain the following are recommended: water quality (≥ 4 
meters to ≥ 30 meters) (12 to 98 feet); reptile/amphibian habitat (≥ 30 meters and up to 
1,000 meters) (98 to 3280 feet); bird habitat (> 40 meters and up to 1,600 meters) (131 
to 5,250 feet); mammal habitat (≥ 50 meters) (164 feet); and plant diversity (≥ 30 
meters) (98 feet).  An analysis of 65 wetland and riparian-dependent amphibian and 
reptile species showed their core upland habitats ranged  more than 100 meters (328 
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feet) from aquatic habitats, indicating that buffers would need to be at least that wide to 
effectively protect wetland and riparian-dependent amphibians and reptiles (Semlitsch 
and Bodie 2003).  According to Fischer and Fischenich (2000), buffer widths of 100 
meters (328 feet) or more are usually needed to ensure protection of wildlife habitat 
values and use as migration corridors; while increasing widths to encompass the 
geomorphic floodplain is likewise desirable to optimize flood-reduction benefits.   
 
In summary, wetland and riparian buffers, in combination with other conservation 
strategies, can effectively avoid or mitigate development and land use impacts on 
wetland, stream and riparian habitats. While no set habitat buffer width or mitigation 
strategy can be shown to be effective or necessary in all instances, the most recent and 
best available science provides technical guidance on buffer width and other buffer 
characteristics that are likely to be most effective on a site-specific or landscape-scale.  
The scientific literature indicates that to maintain viable habitat for many of California’s 
riparian and wetland dependent bird, amphibian, and reptile populations, an 
undeveloped upland habitat buffer of at least 50 meters wide (164 feet), and often 
considerably wider, would likely be necessary.  The appropriate buffer width for a 
project should be based on project-specific direct and indirect impacts and habitat 
needs. 
 
KEY FINDINGS  
 
The following key findings are based on the preceding review of the scientific literature 
related to development, land use, and climate-change-related impacts on wetland and 
riparian resources.  These findings highlight issues to consider when developing or 
reviewing individual projects or land use plans, but they are not to be relied on as a 
replacement for project or site-specific review and analysis. 
 

1) The Governor of California and the Fish and Game Commission have developed 
policies seeking no overall net loss and long-term net gain in the quantity, quality, 
and permanence of wetlands acreage and values in California.   

 
2) California's wetland and riparian habitats and the fish and wildlife they support 

are valuable and finite resources that benefit the people of the State and are 
threatened with loss and degradation.  Consequently, the public interest requires 
coordinated efforts to preserve these natural resources and the ecological, 
recreational and economic benefits they provide.   

 
3) Effective regional land use planning can be one of the best means to protect and 

restore California’s remaining wetland and riparian habitats. 
 

4) Wetland and riparian buffers, in combination with other conservation strategies, 
can effectively avoid or mitigate development and land use impacts on wetland, 
stream and riparian habitats. While no set habitat buffer width or mitigation 
strategy can be shown to be effective or necessary in all instances, the most 
recent and best available science provides technical guidance on buffer width 
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and other buffer characteristics that are likely to be most effective on a site-
specific or landscape-scale.  The scientific literature indicates that to maintain 
viable habitat for many of California’s riparian and wetland dependent bird, 
amphibian, and reptile populations, an undeveloped upland habitat buffer of at 
least 50 meters wide (164 feet), and often considerably wider, would likely be 
necessary.  The appropriate buffer width for a project should be based on 
project-specific direct and indirect impacts and habitat needs. 

 
5) To most effectively protect wetland and riparian habitats in flood-prone areas and 

to avoid or decrease the risk of inundation, erosion, and flood damage to 
development, floodplains not already protected by levees are best managed for 
natural riverine processes such as floodwater storage and channel migration.  

 
6) The scientific literature anticipates climate change and sea level rise will worsen 

many of the current threats to wetland and riparian resources.  In addition, tools 
for modeling climate change, including changes in precipitation patterns, flood 
frequency and magnitude, and drought and wildfire patterns are evolving.  
Therefore, utilizing the most recent and best available climate science data will 
enable lead agencies and the public to most effectively and accurately evaluate 
the future impacts and implications of climate change and sea level rise on a 
project or land use plan. 

 
7) Low-impact development techniques to slow, spread, and infiltrate stormwater 

on-site, rather than a more traditional approach to store, concentrate and drain 
stormwater off-site as quickly as possible, can benefit wetland and riparian 
habitats in three ways: 1) filtering out pollution and increasing the quality of 
stormwater runoff; 2) decreasing peak flows, flood risks and erosion in 
downstream waters; and 3) increasing ground water recharge and therefore 
helping maintain biologically-important summer low flows. 

 
8) There is strong scientific evidence that requiring domestic housecats to be kept 

indoors at residential developments adjacent to wetland and riparian habitats 
could minimize the substantial impacts of outdoor housecats on wildlife 
populations.  This can be enforced through covenants, conditions and restrictions 
enforceable by homeowner’s groups or through general plan policies, zoning or 
land use ordinances.  

 
9) Utilizing exterior light fixtures and street standards that are fully-shielded and 

designed and installed to minimize off-site glare and photo-pollution into wetland 
and riparian habitats and buffer areas can be an effective mitigation measure to   
minimize the impacts of artificial night lighting.  

 
Conservation science is an ever-changing field.  The scientific understanding of 
species, habitats, and threats changes over time as new research is conducted.  The 
rarity, abundance, distribution, vulnerability, and listing status of species also change 
over time.  Local, state, and federal regulations are not static.  Land use and landscape 
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characteristics change over time due to drought, flood, wildfire, development patterns, 
restoration efforts, and climate change.  For these reasons, this Technical 
Memorandum should not be considered the definitive science on this subject.  
Stakeholders involved in assessing and avoiding impacts on wetland and riparian 
resources should rely on the best available science, baseline conditions, current law 
and policy, and the restoration potential of the site. 
 

Commonly Used Methods for Implementing 
Wetland and Riparian Habitat Buffers 

 
Habitat buffers require certain implementation techniques or methods to guide their 
design and ensure effectiveness.  Numerous effective habitat buffer implementation 
methods exist.  As discussed above, environmental impact analysis and mitigation 
require site-specific analysis and consideration, and the design and criteria appropriate 
for a specific buffer should be based on site-specific analysis and circumstances.  The 
Department has worked with many stakeholders to implement habitat buffers.  Below 
are a number of commonly used buffer implementation methods that the Department is 
familiar with and has considered effective:   
 

1) Riparian habitat buffers begin at the outer edge (drip-line) of riparian canopy, if 
present, or top of stream bank, if riparian canopy is absent. 

 
2) Wetland buffers begin at the edge of the delineated wetland. 

 
3) Habitat buffers are measured using horizontal distance, perpendicular to the 

stream or wetland, regardless of slope. 
 

4) Habitat buffers are applied to both left and right banks of streams and rivers.   
 

5) Habitat buffers are considered undeveloped, no-disturbance areas. Hardscape 
such as structures and parking areas, septic systems, and stormwater treatment 
facilities are situated outside of habitat buffers.  Exceptions may include trails for 
non-motorized use. 

 
6) Where project construction necessitates temporary ground disturbance and 

vegetation removal in the habitat buffer, the disturbed buffer area should be 
restored to enhance fish and wildlife habitats and water quality.  This 
enhancement could include decompacting soil, site recontouring, and 
revegetation with native species of local genetic stock. 

 
7) Habitat buffers are graphically shown on project drawings and subdivision maps 

submitted for lead and permitting agency approval and subsequent recordation.  
 

8) Habitat buffers are legally described and recorded on the appropriate Assessor’s 
Parcel Maps.  At the request of the property owner, a local agency may accept 
an offer of dedication and accept fee title to the habitat buffer area.   
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9) Habitat buffers are clearly marked and barrier fences are installed in the field 

during construction activities to prevent impacts from equipment operations. 
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