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SECTION VIII    RIPARIAN HABITAT/LINKAGE ZONES 
 

 
 
The importance of riparian areas cannot be overstated.  The 
maintenance of connectivity throughout aquatic systems is vital. The 
Governor’s Riparian Habitat 
Task Force (1990) defines 
riparian areas as including 
“vegetation, habitats, or 
ecosystems that are 
associated with bodies of 
water (streams or lakes) or are 
dependent on the existence of 
perennial, intermittent, or 
ephemeral surface or 
subsurface water drainage” 
(Figure 8-1).   They are further 
characterized by having rich 
and diverse assemblages of plant and animal species in comparison 
to adjacent upland areas. The types of riparian and aquatic 
ecosystems within Arizona range widely from high-elevation 
montane meadows to low desert tinajas (rock pools). However, a 
common thread throughout all riparian communities is that they are 
recognized as one of the most important habitats for fish and wildlife 
in Arizona and the arid-southwest.   
 
The riparian habitat/linkage zones (Figure 8-2) are unique because 
they function as both habitats and linear linkage zones. They provide 
essential (core) habitat for aquatic organisms such as fish, aquatic 
plants, some amphibians, and aquatic invertebrates. In addition, the 
riparian vegetated areas are important for a variety of wildlife and 
plant species because they provide the only habitat for some species 
(cottonwoods, willows, some flycatchers and warblers), prime habitat 
for many other species, water for an even larger number of species, 
travel paths for mammals, reptiles, and amphibians, and migratory 
paths for over half of the bird species that live in or visit Arizona.  
Thus, each river is critical both as habitat and as the spine of a 
potential movement corridor.  
 
Given the enormous significance of the habitat these zones provide, 
conservation of the remaining riparian areas containing flowing 
waters is imperative in Arizona and vital to the wildlife that rely upon 
it. Thus, perennial waters are considered to be of the highest 

importance and priority status. Although intermittent and ephemeral 
waters are also important (Figure 8-3), particularly in urbanized 
areas where they may present the only opportunity for maintaining 
connectivity, all were not identified in this phase of the exercise.   
 

Arizona Riparian Areas 
 
Since the European settlement of North America, over half of the 
state’s spring-fed marshlands (cienegas) and wet marshes have 
been destroyed (Defenders 1995).  Less than 10 percent of the 
riparian ecosystems still exist in their natural state in Arizona 
(Arizona Riparian Council).  Most flowing waters have been 
impounded or have had much of their flow diverted for human use.  
Even the few undammed Arizona Rivers (San Pedro River, 
Hassayampa River, Sonoita Creek and Aravaipa Creek) have been 
impacted by wood cutting, water diversions, groundwater alteration 
and pumping, invasion by exotic plants and fishes, urbanization, 
pollution, agriculture, and other factors. 
 
Riparian areas in Arizona are small relative to other vegetative 
community types. Perennial streams constitute less than 0.4 percent 
of the total land area of the state (Valencia et al. 1993). However, 
they possess a disproportionate importance and biological value 
compared to their area. It has been estimated that 75 percent or 
more of Arizona’s wildlife species depend on riparian communities 
during some portion of their life cycle. In addition, riparian areas are 
critical to the persistence of approximately 60 percent of the fish and 
wildlife species currently in jeopardy of extirpation from the state 
(Minckley and Brown 1994).  
 
In a broader context, riverine systems serve as major pathways for 
the exchange of materials, energy, and organisms along longitudinal, 
lateral, and vertical dimensions (Figure 8-4). For example, biological 
longitudinal linkages include fish or terrestrial movement between 
upstream and downstream habitats for individuals, connectivity 
between metapopulations, or migratory bird stopover points between 
South/Central and North America. Lateral movement through 
riparian areas may occur at fine scales (e.g., amphibian movement 
from in-channel to bank, native fish that move from pools to riffles to 

feed) or at coarse scales (e.g., ungulate migration between mountain 
ranges). 
 

 

LONGITUDINAL DIMENSIONPERENNIAL:  water flows 
year round 

 

INTERMITTENT:  water 
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Figure 8-1.  Classification of Rivers and 
Streams LATERAL DIMENSION 

 
 
 
Figure 8-4.  Major pathways of exchanges of materials, energy, and organisms in the 
longitudinal, lateral, and vertical dimensions of a riverine system (From Ward and Wiens 
2001, Wiens 2002) 
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Figure 8-2.  Riparian Habitat/Linkage Zones Siobhan Nordhaugen 2006
ADOT Statewide Natural Resources Management Group
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Figure 8-3.  Perennial Waters, Streams and Selected Washes Siobhan Nordhaugen 2006
ADOT Statewide Natural Resources Management Group
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Scale is a critical concept to consider when analyzing impacts to 
ecological pathways. Habitat quality, habitat boundaries, patch 
context, connectivity, and species responses change with changes in 
scale (Wiens 2002). Although intuitive, species with different body 
sizes or mobility will have unique responses among differing scales, 
thus species may have variable responses to disturbances or 
impacts. In riparian systems, as in other communities, landscapes 
(and corresponding species responses) can be hierarchically 
classified into watersheds, segments, reaches, pool/riffle/run 
(aquatic) or patch (terrestrial), and microhabitat (Figure 8-5). 
Physical, chemical, and biological patterns and processes will vary 
across scales. 

 

 
 
 

 
 
Juvenile heron killed by automobile near riparian area. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8-5. Hierarchical Classification of Stream Habitats (Wiens 2002) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Arizona Hydrological Classifications 
 
There are 15 major surface water basins (Figure 8-6) identified by 
the Arizona Department of Water Resources (ADWR) in the state of 
Arizona.  There are 90,375 miles (145,444 kilometers) of rivers and 
streams with an additional 37,130 (59,755 kilometers) stream miles 
on Tribal Lands.  Only four percent, 4,980 miles (8,015 kilometers), 
of these are perennial while the rest are classified as ephemeral or 
intermittent.  Manmade reservoirs, lakes, and ponds constitute 
289,632 acres on non-tribal lands and 29,718 acres on tribal lands.   
 
The Environmental Protection Agency (EPA) 404(b)(1) guidelines 
emphasize impacts on travel corridors of aquatic species.  At 
present, there is no practical strategy for mitigating the impacts of 
roads and highways on wildlife movements that can easily be 
incorporated into highway design and permitting decisions (Jackson, 
S.D. and C.R. Griffin 2000).  Road and highway projects that are 
subject to federal and state wetland protection laws are routinely 
evaluated for wildlife impacts.  Urbanization, transportation corridors, 
and other infrastructure can result in the alteration of water 
movements, sedimentation and the transport of pollutants.  Water 
quality and riparian areas are addressed during the planning process 
of proposed projects through permit requirements and compliance 
with existing laws and regulations. As an important component in the 
environmental review process and essential for maintaining riparian 
habitat health, this scrutiny on water quality affords an opportunity to 
take a closer look at wildlife habitat connectivity concerns in these 
same areas. 
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Unique Waters 
 
Arizona has 18 watercourses that have been classified as “Unique 
Waters” (Table 8-1, Figure 8-7).  These Outstanding Natural 
Resource Waters are designated only by the administrative 
rulemaking initiated by ADEQ.  The public may also nominate 
surface waters for classification.  A waterway is deemed a “unique 
water” and is legislatively defined as “outstanding state resource 
water” by the director of ADEQ.  The determination and finding is 
based upon the decision criteria for designation including whether 
the waterway is perennial, free-flowing, unimpaired, and either has 
“exceptional recreational or ecological significance” or is found to be 
essential for the continued existence of threatened and endangered 
species as well as possibly providing critical habitat (Arizona 
Administrative Code [AAC] R18-11-112).  
 
Unique waters are granted supplemental water quality protection 
through an anti-degradation requirement (AAC R18-11-107 [D]).  
Any new or additional discharge to a “unique water”, including its 
tributaries, is prohibited if that discharge would degrade existing 
water quality.  Site-specific water quality standards can also be 
applied to unique waters for an added level of protection (AAC R18-
11-112). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oak Creek Canyon is designated a Unique Water. 

ARIZONA’S DESIGNATED  
UNIQUE WATERS 

NAME EXTENT PROTECTED 
West Fork of the Little Colorado 
River 

Above Government Springs 

Oak Creek Entire, including the West Fork of 
Oak Creek 

Peoples Canyon Creek Tributary to the Santa Maria River 
Burro Creek Above its confluence with Boulder 

Creek 
Francis Creek In Mohave and Yavapai counties 
Bonita Creek Tributary to the upper Gila River 
Cienega Creek From confluence with Gardner 

Canyon and Spring Water Canyon, 
in Pima County (I-10 to the Del Lago 
Dam) 

Aravaipa Creek From its confluence with Stowe 
Gulch to the downstream boundary 
of Aravaipa Canyon Wilderness 
Area 

Cave Creek/South Fork of Cave 
Creek (Chiracahua Mountains) 

From the headwaters to the 
Coronado National Forest boundary 

Buehman Canyon Creek From its headwaters to 
approximately 9.8 miles downstream

Lee Valley Creek From its headwaters to Lee Valley 
Reservoir 

Bear Wallow Creek From its headwaters to the 
boundary of the San Carlos Indian 
Reservation 

North Fork of Bear Wallow Creek From its headwaters to Bear Wallow 
Creek 

South Fork of Bear Wallow Creek From its headwaters to Bear Wallow 
Creek 

Snake Creek From its headwaters to its 
confluence with the Black River 

Hay Creek From its headwaters to its 
confluence with the West Fork of the 
Black River 

Stinky Creek From the Fort Apache Indian 
Reservation boundary to its 
confluence with the West Fork of the 
Black River 

KP Creek From its headwaters to its 
confluence with the Blue River 

Source:  AAC R18-11-112(E)  
 

Table 8-1.  Arizona’s Designated Unique Waters 

Wild and Scenic Rivers 
 
The 1968 Wild and Scenic Rivers Act establishes a national policy 
for certain rivers and their immediate environments as designated by 
an Act of Congress or by the Secretary of the Interior upon 
application of the governor of a state that “possess outstandingly 
remarkable scenic, recreational, geologic, fish and wildlife, cultural, 
or similar values in a free-flowing condition” (16 United States Code 
(USC) §§ 1271) to be protected.  Several Federal and State land 
management agencies (Bureau of Land Management, USDA Forest 
Service, and National Park Service) oversee Wild and Scenic Rivers.  
Once established, the Scenic River Area must be managed in a 
manner that protects and enhances the values determined to exist.  
“To protect free-flowing character the Federal Energy Regulatory 
Commission (which licenses non federal hydroelectric projects) is 
not allowed to license construction for dams, water conduits, 
reservoirs, powerhouses and transmission lines, or other project 
works on, or directly affecting, wild and scenic rivers.  Other federal 
agencies may not assist by loan, grant, license or otherwise any 
water resource project which would have a direct and adverse effect 
on the values for which a river was designated” (Wild and Scenic 
Rivers Reference Guide 2004).  There are similar restrictions for 
Section 5(a) congressionally authorized study rivers. 
 
Arizona’s only designated Wild and Scenic River corridor is 40.5 
miles of the Verde River in Yavapai County and is managed by the 
USDA Forest Service (Figure 8-8).  The classification is divided into 
the Wild River Area and the Scenic River Area.  The Wild River Area 
traverses 22.2 miles (35.7 kilometers) covering 6,824 acres (2,730 
hectares) almost entirely in the Mazatzal Wilderness Area.  It is 
located primarily within the Tonto National Forest with a small 
percentage flowing within the Coconino National Forest.  The Scenic 
River Area covers 5,692 acres (2,277 hectares) and crosses 18.3 
miles (29.5 kilometers) through three National Forests. Half of the 
Scenic River Area is located in the Coconino National Forest, 38 
percent in the Prescott National Forest and the remainder in the 
Tonto National Forest. 
 
Twenty-two miles of the Salt River and 29 miles of the San Francisco 
River were initially considered as study rivers but designation was 
not recommended.  Other reaches of rivers in Arizona are being 
considered as potential additions to the National Wild and Scenic 
Rivers System (Table 8-2).   © Derek Von Briesen 
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ADOT Statewide Natural Resources Management Group
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Table 8-2.  Arizona Waters Potential Candidates for Wild and Scenic Designations 
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Table 8-2.  Arizona Waters Potential Candidates for Wild and Scenic Designations (continued) 
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Table 8-2.  Arizona Waters Potential Candidates for Wild and Scenic Designations (continued) 
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Table 8-2.  Arizona Waters Potential Candidates for Wild and Scenic Designations (continued) 
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Table 8-2.  Arizona Waters Potential Candidates for Wild and Scenic Designations (continued) 
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 Table 8-2.  Arizona Waters Potential Candidates for Wild and Scenic Designations (continued) 
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Table 8-2.  Arizona Waters Potential Candidates for Wild and Scenic Designations (continued) 
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Impaired Waters 
 
The identification of impaired waters can be used as a tool to depict 
general watershed health indicating which watershed, and 
watercourses in particular, may be more vulnerable to consequences 
of existing or proposed transportation corridors, urbanization, and 
other infrastructure.  Impaired water is defined as a watercourse that 
does not meet established water quality standards even after point 
source limitations have been implemented. Under section 303(d) of 
the Clean Water Act, each state must submit a list of waters to the 
EPA considered to be impaired.  The EPA then can partially approve 
or partially disapprove of the listing.  In addition, the EPA may 
identify and include additional waters and pollutants.  Each impaired 
water requires a total maximum daily load analysis (TMDL).  This 
outlines monitoring efforts and the necessary corrective measures 
that must be conducted to meet water quality standards. 
 
On November 16, 2004, the EPA partially approved and partially 
disapproved Arizona’s 303(d) list that contained 53 waters listed by 
the state.  The EPA added 19 water bodies as well as additional 
pollutants to 8 water bodies already listed.  There are 54 impaired 
waters currently recognized by the EPA in Arizona (Figure 8-9).   
The top three general causes of impairment are metals, pesticides 
and fish consumption advisories.  The category of metals includes 
arsenic, cadmium, copper, copper manganese, silver and zinc.  The 
principal pesticides are DDT metabolites and toxaphene.  The fish 
consumption advisories are based on chlordane in fish tissue and 
mercury levels.  Other causes include turbidity, pathogens, pH and 
dissolved oxygen levels.  After meeting the requirements set forth in 
Arizona’s Impaired Water Identification Rule, these waters will be 
delisted. 
 
 
 
 
 

 
 
 
 
 
 
 
 

Adult Blue Heron at edge of riparian area. 

Potential Impacts 
 
Disruption of physical (e.g., stream flow, channel or terrace 
substrates), chemical (e.g., nutrient cycling), or biological (e.g., food 
webs, bank/terrace vegetation) components will affect system 
integrity and function due to changes in ecological processes or 
mechanisms. Alterations to these processes will influence 
distribution and abundance patterns of flora and fauna across 
multiple scales within the riparian zone and may limit the riparian 
areas suitability as a corridor for movement of animals. For example, 
changes to flow regimes (i.e., magnitude, frequency, duration, 
timing, rate of change) has been identified as one of the primary 
mechanisms that has caused shifts from native to exotic dominated 
forests in riparian plant communities along desert rivers (Poff et al. 
1997). Such shifts in riparian flora, at the patch scale, have been 
linked to changes in breeding and migratory avian communities 
(Haig et al. 1998). Conserving sensitive riparian fauna and the utility 
of riparian areas as movement corridors must begin with minimizing 
and mitigating potential impacts to those physical, chemical, and 
biological parameters and processes that sustain the integrity of the 
riparian ecosystem.  
 
In this report, key riparian habitat/linkage zones are not separately 
identified or prioritized for animals and fish as done for the terrestrial 
potential linkage zones. This process will be conducted in the future 
(Section IX Future Directions).  However, a high level of protection 
for all perennial flowing waters is recommended.  Furthermore, it is 
advocated that project proponents consider all water courses 
(perennial, intermittent, and ephemeral) as key habitats and potential 
linkages, and assess the potential impact of roads on organisms 
across multiple spatial and temporal scales. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Overview of Spatial and Temporal 
Impacts of Roads and Other 
Construction Projects 
    
Riparian systems in Arizona are highly dynamic and are maintained 
by varying levels of disturbance (e.g., flooding). Often, a goal of 
construction is to limit impacts to infrastructure through control or 
constraint of the channel within the floodplain. These control 
structures can directly impact habitat availability, and over the long 
term may alter the physical, chemical, or biological processes 
identified above. Angermeier et al. (2004) identified that impacts 
occur at three phases of road development (i.e., construction, road 
presence, and urbanization/cumulative effects), and these phase 
impacts affect ecological processes and organisms across multiple 
spatial scales (<1 sq km – 1000 sq km) (Figure 8-10). 
 
 

100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8-10. Temporal and Spatial Extent of Ecological Impacts on Riparian Areas Due 
to Three Phases of Road Development (Angermeier et al. 2004) 
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Because each project involves unique construction requirements, 
channel and floodplain geomorphology, hydrology, and associated 
biotic communities, managers must consider the broad range of 
potential impacts during project planning, biological assessments, 
and environmental impact statements. The following segments 
summarize (with additions for terrestrial riparian species) the key 
considerations identified by Angermeier et al. (2004) and Adair et al. 
(2002) for assessing and mitigating the impact of roads on aquatic 
biota. It is recommended that resource managers work with an 
interdisciplinary team (biologists, geomorphologists, hydrologists, 
ecologists) to develop a list of the potential physical, chemical, and 
biological components for each phase of road construction, and 
describe how impacts to these components could influence biota and 
movement corridors over space and time. The phase descriptions 
provide a starting point for that discussion.   The ecological 
components should be considered within each phase. 
 
 
 
 

 
 
Wood duck, a species reliant on riparian areas. 
 
 
 
 
 
 
 
 
 

Phase Descriptions  
(From Angermeier et al. 2004):  
 
Phase 1– Construction Impacts:  Road construction generally 
takes place over short time frames and limited spatial scales. 
Impacts are largely direct and localized alterations to physical, 
chemical, and biological resources. Typical impacts could include 
fine sediment runoff, spillage of oil or other hazardous waste from 
machinery, channelization of rivers, changes to stream gradient and 
substrate that affect movement of aquatic organisms, and disruption 
of groundwater regimes. 
 
Phase 2– Road Presence:  Road presence includes impacts 
that are directly due to the existence of the road but that occur later 
in time than construction. Angermeier et al. (2004) considered roads 
within 0.6 miles (1 km) of a riparian area as potentially impacting 
riparian areas. Generally, the impacts are at similar spatial scales as 
construction but occur over longer time scales. These disturbances 
may include habitat alterations such as intermittent occurrence of 
road maintenance, long-term affects to hydrology, channel 
adjustment, and sediment regimes. There may also be effects on 
water quality due to precipitation runoff or deicing salt. Terrestrial 
animals may be impacted by noise or presence of vehicles. 
Compared to construction impacts, the impacts of road presence 
and urbanization on movement corridors are more severe and longer 
term. Roads may also increase the spread of nonnative organisms 
or pathogens. Human use of a riparian zone (e.g., fishing, hiking) 
may be increased by easing access to the area, which could cause 
deleterious impacts to species.    
 
Phase 3 – Urbanization/Cumulative Effects:  By providing 
access to areas that are previously undisturbed, roads often lead to 
increased urbanization, which should be analyzed for impacts to 
riparian flora and fauna. The cumulative impact of multiple single 
road projects should be considered at large spatial and temporal 
scales within the watershed. Future impacts to riparian systems due 
to long-term impacts (changes to physical, chemical, or biological 
characteristics) are often difficult to quantify or predict, but potential 
impacts should be discussed in impact analyses.  
 
 
 
 
 
 
 

Ecological Components Consideration  
 

Habitat Structure 
 Water Depth 
 Current Velocity 
 Substrate Composition 
 Floodplain Connectivity 
 Upland Connectivity 
 Tributary Connectivity 
 Sediment Deposition/Erosion Balance  

 
Water Chemistry 

 pH 
 Dissolved Oxygen 
 Contaminant Concentrations 

 

Flow Regime 
 Temporal patterns of water availability of surface water (e.g., 

timing, magnitude, frequency, duration of flood events) 
 Connectivity to floodplain 
 Ground water availability (seasonal and annual variation) 

 

Energy Source 
 Size, abundance, and nutritional qualities of food particles 

(e.g., removal of trees or woody debris reduces coarse 
particulate matter in stream) 

 

Biotic Interactions 
 Barriers to longitudinal or lateral movement for various 

organisms (in channel and floodplain) 
 Changes to plant species composition or structure due to 

changes to physical or hydrological conditions 
 Influence of flora changes on organisms: terrestrial (e.g., 

avian community changes, changes to stream temperature 
due to shading which may affect aquatic species) 

 Community shifts   
 Invasive species 
 Impacts to threatened, endangered, or sensitive 

riparian/aquatic species directly or indirectly through changes 
to habitat over time 
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General Recommendations 
 
We offer the following guidelines regarding management of these 
resources: 
 

 Even in the most urbanized perennial or intermittent stream 
reaches, maintain or re-establish water flows and rehabilitate 
natural or semi-natural vegetation in streams and on stream 
banks, so that every mile of every stream (with appropriate 
exceptions, such as airport approaches) can support aquatic 
organisms and facilitate gene flow for these species.  

  
 Maintain or enhance the ability of riverine systems to provide 

for movement of mammals, reptiles, and other non-aquatic 
species by maintaining natural vegetation for at least 200 m 
on each side of each mapped riparian zone (where possible).  
Urban planners need to prevent housing from impinging on 
stream banks and flood plains. 

  
 Prohibit vehicles, including off-road vehicles, from 

streambeds. Plan hiking trails and recreation areas to 
minimize impact on wildlife movement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 Every paved road, railroad or other linear structure that 
intersects a riparian/habitat linkage zone should be designed 
with minimal downstream effects and ensure wildlife 
connectivity.  Culverts are acceptable in ephemeral washes, 
but are never acceptable for perennial waters where only 
bridged crossings can conserve the essential ecological and 
hydrological processes (Johnson 2003). Use road upgrade 
projects as opportunities to replace culverts and narrow 
bridges with over-sized structures that can accommodate 
wildlife. Consider every crossing of a perennial water to be a 
key linkage that must be minimally disturbed.  

 
 Apply aggressive measures to prevent mine tailings, 

pollutants, agricultural wastes and fertilizers from entering 
these zones.  

  
 Use educational signage at trailheads and other access 

points, especially in urban areas, to encourage responsible 
behavior.  

 
 
 

 
 

Elk using riparian underpass. 

 
 
 
 
 
 
 

 In non-urban areas, each bridge over one of these waters 
should be wide enough when feasible to span at least the 
natural or original floodplain, plus a swath of upland 
vegetation to accommodate movement of mammals, reptiles, 
and other species that prefer to move along riparian corridors 
without entering the water.  

 
 In general, build structures that do not impede movement of 

aquatic organisms along the stream, and seek opportunities 
to remove such structures, or to provide alternative paths 
around dams. However, maintain those barriers that prevent 
upstream movement of non-native fishes into reaches 
occupied by native fishes.  

 
 None of the above guidelines should be construed as 

requiring the removal of existing occupied buildings or other 
human facilities.  
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