


















dormancy in some aquatic salamanders and snakes, 
while rising water levels initiate breeding activity in cer­
tain fish (Clark 1978). Stream velocity affects oxygen 
levels in streams, the retention of organic materials, and 
the ability of aquatic organisms to move up and down the 
stream. Loss of forest vegetation can affect streams and 
aquatic communities by increasing the intensity and fre­
quency of flood events and the degree and duration of 
low flow conditions during droughts. 

Light and Temperature 
The presence of a 
forest canopy over 
small streams greatly 
affects the intensity 
of light reaching the 
surface of the stream 
(Figure 11) (Sweeney 
1993). Depending on 
the season, light in­
tensity in a shaded 
area of a stream can 
be 30 percent to 60 
percent less than that 
of unshaded areas. 
The degree and sea­
sonal pattern of light 
is important to the 
stream environment 
because it affects the 
production of algae 
and other aquatic 
plants. 

Fig. 11. The presence of a forest 
canopy affects the intensity of light 
reaching the stream and moderates 

stream temperatures. 

The amount of sunlight reaching the stream also af­
fects stream temperature. Temperature is a critical in­
fluence in aquatic ecosystems, affecting both the 
physical and biological characteristics of the stream. 
Higher stream temperatures can reduce the stream's 
oxygen carrying capacity, increase rates of organic de­
composition, and influence the rate at which nutrients 
are released from suspended sediments (Brown and 
Krygier 1967, Sweeney 1992). Slight increases in tem­
perature can produce substantial increases in the 
amount of phosphorus released into the water, and 
temperature increases of 9° F can produce heavy 
growth of filamentous algae (Cummins 1974). Warm 
temperatures also encourage the growth of parasitic 
bacteria (Brown and Krygier 1970). When water tem­
peratures increase 6° F to 9° F, it may become impos­
sible for species that require lower temperatures to 
continue living in the stream, and result in a shift in 
community structure to species that tolerate the in­
creased temperatures (Karr and Schlosser 1978). 
Minshall (1978) found that both species diversity and 
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total numbers of benthic organisms decreased signifi­
cantly as forest cover was removed from stream banks, 
primarily as a result of increasing water temperatures. 
Temperature affects benthic organisms by influencing 
respiration, feeding, growth rates, adult size, fecundity, 
and timing of reproduction (Cummins 1974, Sweeney 
1992). McCormick and others (1972) found that the 
optimal range of temperatures for growth and survival 
of young brook trout lies between 54° F and 60° F. 
Trout may exist in warmer waters; however, physi­
ological stress can reduce their resistance to predation 
and disease and inhibit feeding and reproduction (Swift 
and Messer 1971). 

Removal of streamside vegetation can cause increases 
in daily and seasonal temperature variation and maxi­
mum summer temperatures. Scientists in North Caro­
lina found that as mature hardwood forest cover was 
removed from streams in the Appalachian mountains, 
stream temperatures increased from the normal 66° F 
to 73° For more (Swift and Messer 1971). Scientists 
at the Stroud Water Research Laboratory in Pennsylva­
nia have estimated that deforestation in southeastern 
Pennsylvania can result in a 4° F to 9° F warming of 
small streams, which is equivalent to moving the 
stream over 400 miles south (Sweeney 1992). Small 
shallow streams are especially vulnerable to increases 
in stream temperatures, due to their small volume 
(Brown and Krygier 1970). However, these streams 
will most quickly respond when shading is restored 
(Karr and Schlosser 1978). 

Water Chemistry 
The chemistry of water strongly affects the richness 
and abundance of aquatic organisms (Clark 1978). The 
stream environment is adversely affect by extremely 
high or low nutrient or pH levels, low dissolved oxy­
gen concentration, high sediment loads, or high toxic 
chemical content. 

Sedimentation is considered a major factor in the de­
cline of fisheries in the United States, due to its effect 
on stream water quality (Karr and Schlosser 1978). 
Sedimentation affects aquatic life by decreasing light 
penetration, reducing dissolved oxygen levels, and by 
introducing toxins into the stream (Chen and others 
1994). These effects reduce the food base, impair fish 
feeding due to reduced hunting success, and reduce re­
productive success (by covering spawning grounds and 
eggs, preventing the emergence of newly hatched fry, 
limiting the availability of oxygen to incubating eggs, 
and reducing flow and removal of wastes) (Karr 
and Schlosser 1978). High levels of sedimentation can 
cause fish mortality by clogging their gills and by pre­
venting normal water circulation and oxygenation. Sedi-



ment deposits also reduce the survival of insect larvae 
through the reduction of food, loss of habitat, and by 
smothering and physical abrasion (Chutter 1969). 

Nutrient enrichment is also a serious problem in the 
nation' s streams and lakes, affecting aquatic communi­
ties through direct toxic effects and by inducing exces­
sive growth of algae and other aquatic plants. Riparian 
forest buffers can protect stream water quality as they 
reduce the amount of sediment, nutrients, and other 
contaminants that enter the stream (Figure 12). 

Fig. 12. Riparian forest buffers enhance the quality of water 
to benefit the aquatic community. (photo courtesy of 

Lenwood Hall) 

Summary and Recommendations 
Riparian forests are important natural communities. 
Rich soils, abundant moisture, and a variable physical 
environment contribute to a diverse, productive plant 
community. 

Riparian forests support many species of wildlife. Ani­
mals use the area for food, water, cover, nesting sites, 
and travel corridors. However, the importance of a par­
ticular riparian area to wildlife will depend on the size 
of the riparian area, adjoining land uses, riparian veg­
etation (species, size, age, diversity), features inside 
the riparian area (dead/down woody debris, wetland 
depressions, nesting/perching sites, cavity trees) and 
the wildlife species of interest. 

Just as riparian forests are important to land animals, 
they are important to the aquatic community. Aquatic 
systems depend on riparian forests for food, cover, 
shade, water flow, and water quality. 

Loss of native riparian vegetation can result in a loss of 
habitat for many animals. Therefore, the restoration of 
riparian forest buffers along Virginia's streams and 
lakes is important to maintaining and restoring 
Virginia's fish and wildlife populations. 

The type of vegetation established alongside the stream 
will influence fish and wildlife populations through its 
effects on temperature, habitat, food resources, and 
water quality. Therefore, native trees and shrubs typi­
cal of the riparian area are usually recommended for 
riparian restoration because they are well adapted to 
the riparian environment and they support many spe­
cies of native wildlife. Trees that are especially benefi­
cial to the aquatic community are those with strong 
root systems that tend to grow over water, are long­
lived, grow tall, and provide large, dense crowns for 
shade (Higgins 1996). Plants that are especially benefi­
cial to terrestrial wildlife include mast-producing trees 
and trees commonly used for nesting and dens. Activi­
ties on adjoining lands that may impact wildlife use of 
the buffer, as well as features that could increase their 
value as wildlife habitat (such as the close association 
with large tracts of forest, the presence of caves, 
springs, etc.) will affect the desirability of the riparian 
area to wildlife. 

How wide the buffer must be to provide fish and wild­
life habitat is the question of much debate. There is no 
single "ideal" buffer width, because this will depend 
on the particular site and the species in question. For 
example, some animals, particularly "edge species," 
may require only narrow buffers (25 feet or less) to 
meet their needs, while others like large mammals and 
certain birds require a buff er of 100 to 300 feet 
(Croonquist and Brooks 1991, Keller and others 1993). 
Forested areas as wide as 600 feet have been recom­
mended where there are heron rookeries, bald eagles, 
or cavity-nesting birds (USDA Natural Resources Con­
servation Service 1996). When managing for wildlife, 
the needs of the animal for food, shelter, and certain 
environmental conditions (for example, cool, moist en­
vironments for certain amphibians) will be as impor­
tant as a creating a particular buffer width. 

Table 2. Habitat Requirements of Major Fish Groups 

Family Oxygen 
Catfish ( Ictalurids) >4.0 ppm 
Sunfish (Centrarchids) >5.0 ppm 
Bass (Centrarchids) >5.0 ppm 
Trout (Salmonids) >5.0 ppm 

From: Palone, R.S. and A.H. Todd (eds.) 1997. 

Temperature 
70-90° F 
73-80° F 
73-80° F 
50-60° F 
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pH 
7.5-9.0 
7.5-8.5 
7.5-8.5 
6.0-8.0 

Turbidity 
Tolerance 
High 
Low-moderate 
Low-moderate 
Low 



Important considerations for aquatic communities in­
clude inputs of food and structural elements (limbs, 
logs, overhanging roots) to provide shade and cover. 
To provide shade and temperature control for cold-water 
fish, a buffer of 80 to 110 feet is recommended, al­
though along small streams, a buffer of only 50 feet 
may be adequate (Dosskey and others 1997, 
O'Laughlin and Belt 1995, Palone and Todd 1997). 
The level of shading will be influenced by the vegeta­
tion height, density, and crown size, as well as the 
stream size and aspect (Quigley 1981). To incorporate 
sufficient large woody debris into the stream, buffers 
of 60 to 110 feet are recommended. 

A list of recommended plant species for restoring 
riparian buffers is available from the Virginia 
Department of Conservation and Recreation, Division 
of Natural Heritage and the Virginia Department of 
Forestry. 
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List of Common and Scientific Names 

Plants 
Balsam fir 
Black Cherry 
Birch 
Hemlock 
Oak 
Pine 
Red maple 
Rhododendron 
Tulip Poplar 
White Basswood 
White Pine 

Fish 
Brook trout 
Brown trout 
Carp 
Rainbow trout 

Birds 
Acadian flycatcher 
Blue grosbeak 
Brown-headed cowbird 
Carolina wren 
Common yellowthroat 
Eastern kingbird 
Indigo bunting 
Louisana waterthrush 
Orchard oriole 
Prairie warbler 
Red-eyed vireo 
Tufted titmouse 
Yellow-billed cuckoo 
Yellow-breasted chat 

Mammals 
Beaver 
Black bear 
Cougar 
Eastern chipmunk 
Ermine 
Gray squirrel 
Mink 
Muskrat 
Northern flying squirrel 
Racoon 
River otter 
White-tailed deer 

Abies balsamea 
Prunus serotina 
Betula spp. 
Tsuga canadensis 
Quercus spp. 
Pinus spp. 
Acer rubrum 
Rhododendron spp. 
Liriodendron tulipifera 
Tilia heterophylla 
Pinus strobus 

Salve Linus frontinalis 
Salmo trutta 
Cyprinus carpio 
Oncoryhynchus mykiss 

Empidonax virescens 
Guiraca caerulea 
Molothrus ater 
Thryothorus ludovicianus 
Geothlypis trichas 
Tyrannus tyrannus 
Passerina cyanea 
Seiurus motacilla 
Icterus spurius 
Dendroica discolor 
Vireo olivaceus 
Parus bicolor 
Coccyzus americanus 
Icteria virens 

Castor canadensis 
Ursus americanus 
F elis concolor 
Tamias striatus 
Mustela erminea 
Sciurus carolinensis 
Mustela vison 
Ondatra zibethica 
Glaucomys sabrinus 
Procyon lotor 
Lutra canadensis 
Odocoileus virginianus 
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Riparian forests are forests which occur adjacent to streams, lakes, and other surface waters. Through the interaction of their 
soils, hydrology, and biotic communities, riparian forests protect and improve water quality, provide habitat for plants and 
animals, support aquatic communities, and provide many benefits to humans. Virginia, along with other states in the Chesapeake 
Bay region, has recognized the importance of riparian forests by implementing a plan to restore forested buffers along streams, 
rivers, and lakes. This series of publications by Virginia Cooperative Extension reviews selected literature on riparian forest 
buffers, including water quality functions , benefits to fish and wildlife, and human benefits. The review also discusses riparian 
buffer restoration and some of the costs and barriers associated with riparian forest buffer establishment. Information on finan­
cial and technical assistance programs available to Virginia landowners is included. 

Other Publications in this series: 

Understanding the Science Behind Riparian Forest Buffers: an Overview (VCE Pub# 420-150) 

Understanding the Science Behind Riparian Forest Buffers: Effects on Water Quality (VCE Pub# 420-151) 

Understanding the Science Behind Riparian Forest Buffers: Benefits to Communities and Landowners 

Understanding the Science Behind Riparian Forest Buffers: Planning, Establishment, and Maintenance 

Understanding the Science Behind Riparian Forest Buffers: Factors Influencing Adoption 

Understanding the Science Behind Riparian Forest Buffers: Resources for Virginia Landowners 
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