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Preface 

At the request of the Fish and Wi ldlife  Service ( U . S .  
Depar tment of the I nter ior ) and the Soi l  Conservat ion 
Serv ice ( U . S .  Depar tment of Agr icultur e ) , the Board on 
Agr iculture and Renewable Resources of the Commiss ion on 
Natur a l  Resources agr eed to under take a mul t id i sc iplinary 
s tudy of the impact of emerg ing agr icultural trends 
( inc lud ing those in forestry and aquaculture ) on f ish and 
w i ld l i fe hab i tat . In  add it ion to requesting assistance 
in develop ing pol icies and strateg ies that will min imize 
the negat ive impacts on f ish and wild l i fe habi tat and 
make the most of the pos it ive ones , the sponsor ing 
agenc ies also expressed concern about the environmental 
impacts of var ious agr icultural pract ices . Hence the 
Environmental Stud ies Board of the Commiss ion on Natural 
Resources par t ic ipated in the ear ly del iber at ions on thi s  
study . 

The Committee on Impacts of Emerg ing Agr icultural 
Tr ends on Fish and Wi ld l i fe Habitat was established by 
the Board on Agr iculture and Renewable Resources . The 
Committee addressed the following tasks : 

1 .  to r eview var ious ex i st ing proj ect ions of future 
ag r icultural trends over the next 10  to 50 years by land 
type ( e . g . ,  cropland , pastureland , rangeland , forests ) ,  
pract ices ( e . g . , cult ivation , i r r igat ion , pes t  
managemen t ) , and geograph ic r eg ion � 

2 .  to identify the types of impacts and hab i ta t  
c hanges that are assoc iated w i th the chang ing patterns of 
land and water use and chang ing agr icultural pract ices , 
and to proj ect the future impacts and changes that can be 
ant ic ipated � 

3 . to def ine phys i cal measures , pol ic ies , and 
str ateg ies that might be used to offset or compensate fo r 

v i i  
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these impacts , and wherever poss ible , to spec ify fede ral 
pol ic ies that could be adopted , par t icularly those that 
cou ld be implemented within ex isting federal programs ; an d 

4. to identify informat ion and resear ch needs . 

To accomplish these obj ect ives , the Committee d ivided 
i n to two teams and conducted the study in two phases .  
Phase I focused on ident i fying the agr icultural trends 
l i kely to have s igni f icant impacts on f ish and wild l i fe 
hab itat . Dur ing Phase II of the study , the Committee 
ana lyzed the impacts , both pos i t ive and negat ive , on f ish 
and wildl ife hab i tat and identif ied research needs . 
These trends and impacts wer e  examined in the broad sense 
for mos t spec ies . 

Th is r epor t emphas i zes game mammals , b irds , and f ish 
because of a need to focus and l imit  the scope of the 
s tudy . The Committee r ecognizes , of course , that natural 
habitats contain many other types of mammals , birds , and 
f i sh,  as well as insects , earthworms , fung i ,  and 
bacter ia . Mammals , bi rds , and f ish h igh in the troph i c  
levels of natural ecosystems often feed o n  plants ,  
insects , and microorgan isms low i n  the system . The s e  
lower organ isms a r e  vi tal t o  the surv ival o f  the 
ecosystem ,  fulf i l ling such necessary funct ions as 
decompos ing organ ic wastes and recyc l ing the essent ial 
elements such as car bon , n i trogen , oxygen , phosphorus , 
and calc ium .  Loss of any o f  these v ital g roups of 
natural biota w i l l  damage hab itat quality and may cau s e  
t h e  loss of game mammals , b i rds , and f ish that d irectly 
and ind i r ectly depend upon these other biota . 

Endangered spec ies are not included in th is  analys is 
because the study of such spec ies i s  a h ighly complex 
problem , often involv ing cons iderat ion of many reg ional 
and other l imitat ions , and i s  thus outside the scope o f  
t h i s  study . 

Th is r epor t is submitted in compliance with the terms 
of the agr eement with the sponsor ing agencies . I t  
r ef lects the collect ive j udgment of approx imately 150 
ag r icultural and wildl ife sc ient ists from many d i f feren t 
d isc ipl ines and geograph ic locat ions throughout the 
Un ited States . The Committee also reviewed an extensive 
l i terature dur ing i ts invest igat ion ;  but because many 
proj ect ions were requ ired , the l i teratur e often served 
only as a base for informed conj ecture . 

The Committee apprec iates the ass i stance of the BARR 
s taff who contr ibuted so generously to th is effor t .  They 
include Selma P .  Baron , Michael E .  Berger , Sher idan E .  

v i i i  
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Caldwell , Phi l ip Ross , Asha G .  Rug imbana , Mary L .  Sutton , 
Lawrence c. Wallace , and Michael D .  Zagata . Consu ltants 
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Haig Zeronian , Univers ity of California-Davi s 

x iv 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


Summary, Conclusions, and Recommendations 

The agr icultural and forest industry i s  the large s t  
mod if ier of the lands and waters that provide habitats 
for f ish and wildl ife . The s i ze , scope , ·and nature o f  
agr icultural practices such as cult ivat ing cropland , 
graz ing rangeland , and harvest ing forests have profound l y  
a ffected the quality of these habi tats . 

TRENDS IN  AGRICULTURE 

Agr icultural land use and pract ices are chang ing . An 
increased demand for food and forest products is plac i ng 
pressure on agr icultural product ion and thus on our land 
and water . These pressures will  r ema in h igh . The r i sing 
costs of product ion and dec l i n ing net returns per unit of 
produc t  place pressures on farme r s  to increase 
productivity fur ther . In  response , changes in farm s ize , 
product ion practices , and ownersh ip patterns may occur 
that will  affec t  w i ld l i fe hab i tats . 

NEEDS FOR THE FUTURE 

These changes will  have both pos it ive and negat ive impacts 
on f ish and wild l i fe habitats . Agr iculture and wildlife  
each have spec i f ic needs , and the d i rect relat ionship 
between agr icultural pract ices and w i ld l i fe hab itats mus t 
be more widely recogn i zed . The value of f ish and w i ld l i fe 
to soc iety must be cons ider ed as wel l  as the value of 
maintaining a product ive agr iculture . These values are 
not necessar i ly in conflict . They can be brought into 
better balance through careful plann ing , cons istent 
pol icy , and appropr iate incent ives to landowner s . 
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Pol i t ical , soc i al , economic , sc ient i f ic ,  and 
technolog ical trends gr eatly influence agr icultural 
pr act ices . Changes in some of these practices wil l 
i ncrease habitat qua l i ty for f i sh and w i ldl ife , whereas 
changes in others will decrease habitat quality .  The 
tr ends and prac t ices along w i th the impacts on habi tats 
are summa r i zed be low . 

CROPLAND AND PASTURE 

Desp ite the d ive rs ity in type s of crops and agr icultura l  
pract ices i n  the Un ited S tates , several agr icultural 
trends are apparent that cou ld affect ex ist ing f ish and 
w i ld l i fe habitats . The three major trends are as follows : 
( 1 )  mor e intens ive and effic ient use of ex isting cropland , 
(2) convers ion of lands currently in pasture , r ange , and 
forest into cropland , and ( 3 )  los s of pr ime farmland to 
other uses . 

The use of ag r icultural chemicals , i r r igat ion and 
drainage , double cropping , increased f ield s i z e , and th e  
improvement o f  plant spec ies have led to mor e intens ive 
and eff ic ient use of cropland . These practices often 
have negat ive effects on habi tats.  Agr icultural 
chemicals are tox ic to many spec ies and can d isrup t  
ecosystems by el iminat ing certain plants or animals 
necessary to suppor t w i ldlife . Replacement of w i ld 
pastures w i th tame pastures and widespread monoculture 
reduce the d iver s ity of plan t l ife and thus the d iver s i t y  
of w i ld l i fe . Double cropp ing and increased f ie ld s i ze 
reduce hab itats . More effic ient use of pesticides , 
fer t i l i zer s , and water may reduce some of these effec ts . 
Integrated pest management and less t i l lage of land ca n 
i mprove f ish and w i ldlife hab itats . 

FOREST LAND 

For est land i s  expec ted to be more intens ive ly managed in 
the future as demands for t imber products increase . The 
maj or forest land management pract ices that affect 
wi ld l i fe habitats are ( 1 )  those that alter the diver s i t y  
of  forest land , includ ing convers ion from one type o f  
forest t o  another , (2) those that increase public o r  
pr ivate access t o  remote for est land , and ( 3 )  those that 
cr eate off-site impacts . 
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Forestry pract ices that often decrease plant spec ies 
d iver s ity include the conve rs ion of hardwood forests to 
conifer s ,  short rotat ions where trees are harvested at 
younger ages , and i ntens ive use of new techniques fo r 
s ite preparat ion , planting , and culture of genetically 
super ior planted stock . I ncreased graz ing by livestoc k 
w i l l  accelerate deg r adat ion of forests for w i ldlife . I n  
some reg ions there w i l l  b e  cont inued loss o f  forest land 
to ag r icu lture or to reservoirs  and other deve lopments 
that reduce w i ldl ife habitats . 

zon ing that protects streams , steep s lopes , and other 
sensit ive areas and s i lvicultural treatments planned to 
retain a var iety of vegetat ion zones will enhance 
hab itats and result in  a g reate r d iver s i ty of w i ld l i fe . 

RANGELAND 

Losses of habitats for f i sh and wi ldl ife will  occu r 
through more intens ive use of r angeland , conve r s ion of 
range land to cropland and pasture , and fence-bu i lding i n  
a reas that are winter g razing lands for large mammals . 
Overuse of rangeland for recreat ion and intensive g razing 
of l ivestock i n  competit ion with w i ldlife will  result in  
a deg radat ion of  habitats . I r r igat ion may result in  
lower water tables , and it  reduces water in  streams and 
fur ther reduces the amount and quality of both r ipar ian 
and upland habitats . The use of agr icultural chemicals 
and certain mechanical prac t ices to e l iminate unwanted 
p lants will  alter the cover and food supply for wi ldlife . 
Rest-rotat ion g r a z i ng ,  where appl icable , can improve 
w i ld l i fe hab itats . Controlled burning to remove br ushy 
spec ies and encour ag e  grass spec ies wi ll also affec t  
w i ldlife habitats . 

PONDS ,  LAKES ,  AND STREAMS 

Ag r icultural practices that alter wate r f low or increase 
water r unoff from agr icultural land w i l l  affect the 
quant ity and qual ity of pond , lake , and stream habi tat s 
for f ish and w i ldlife . Channe l i zat ion of streams to 
prevent f lood i ng will change the dive r s ity and abundanc e 
of f i sh and wildl ife . I r r igat ion inf luences habitats by 
movi ng wate r from aqu i fer s ,  ponds , lakes , and streams to 
ag r icultural lands . Ag r icultural prac t ices that increase 
soi l eros ion g reatly affec t  aquat ic habitats by increas ing 
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the s i ltat ion and by car ry ing off nut r ients that increas e 
eutrophicat ion . Chemical load ing in ponds , lakes , and 
streams caused by runof f of agr icultural chemicals can 
a lter the ecolog ical balance by k i l l ing certain plants or 
an imals and thus chang ing the structure of the hab itats . 
G raz ing and cult ivat ion may damage the r ipar ian zones , 
reduc ing these un ique w i ldlife hab itats that are c r i t ica l 
to the integ r i ty of streams . 

INTERIOR WETLANDS 

I nter ior wetlands are affec ted by the same factors that 
influence ponds , lakes , and streams . I n  add i t ion , th e 
loss of wetland hab i tats through draining and convers ion 
to agr icultural uses continues , but its major remaining 
impact will  be in southern f ish and w i ldlife habitats , 
where the maj or ity of new cropland will  be developed . 

COASTAL WETLANDS AND ESTUARI ES 

Coastal wetlands and estuar ies are influenced by 
agr icultural pract ices because they are downstream from 
farmland . Thus the quality of habi tat in  these areas i s  
profoundly a ffec ted by runof f of agr icultural chemicals 
and s i l t  from ag r icultural lands . Coas tal wetland 
habitats are ind i rectly affec ted by any change in the 
allocat ion of acreage to cropland or pasture . Estua r i n e  
a reas are the nurser ies for most o f  the coastal and Gulf 
f ish stocks . Increased ag r icultural use of the estuar ine 
habi tats may affect bay , r iver mouth , and shallow coastal 
areas . At the present t ime , the water quality of 
e stuar ies is  subj ec t to regulat ion by the government .  
The estuar ies are fer t i l i zed by land runoff , but , a t  the 
s ame t ime , harmful chemicals are be ing transpor ted and 
depos i ted. A proper balance of nutr ients and chemicals 
is c r i t ical for the b iomass and the f ish and w i ldlife 
hab i tats of the estuary .  

THE FUTURE I N  PERSPECTIVE 

The future for w i ld l i fe and the i r  hab itats is no t 
encouraging in those areas whe re intens ive prac t ices are 
employed to produce larger amounts of food and fiber . 
The re i s  u rgent need to balance the value of us ing the 
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most eff ic ient and economical agr icultural prac t ices-
benef ic ial to our nat ional welfar e--and the value of 
maintaining or improving wherever poss i ble the quality 
and quant ity of f ish and wildlife habitats--one c r i t ica l 
i ndex of quality of human life in  our country . These are 
not mutually exc lus ive values , and much can be done with 
deliberate , intelligent planning plus effect ive steward
ship and management of our natural resources . 

The deve lopment of the United States occurred under 
the general assumpt ion that land and water resources wer e  
near ly unlimited . Our produc t ion systems under this 
assumpt ion attempted to max imize the ag r icultural outpu t 
per unit of area . Agr icultur e ,  l i ke other sector s  of the 
economy , now is  faced with the need to protec t and 
enhance resources , not only for agr icultural use but for 
other uses and value s as well . 

As a nat ion we are learning that we must opt imi ze , or 
make the best  possible use of , all  our resources instead 
of max im i z i ng the output of ag r iculture alone . Opt imi za
t ion requires cons iderat ion not only of a longer t ime 
per iod ,  but also of a broader array of both pos it ive and 
negat ive outcome s of product ion systems , includ i ng 
impacts on habitats for f i sh and wildl ife . 

The Committee ' s  recommendat ions center on thre e  
r equ irements for opt imi zat ion : ( 1) changes in  attitudes 
and values , ( 2 )  add i t iona l cr i t ical research , and ( 3 ) 
publ ic pol ic ies that are cons i stent and that make use of 
incent ives . 

W i th respect to the requirement for changes in 
att i tude s and value s toward the use of our resources t o  
achieve mult iple obj ect ives i nc lud ing agr icultural 
product ion and w i ld l i fe habitats , the following recom
mendat ions are offered : 

1 .  P romote , through all types of educat ion , public 
under stand i ng of the mult iple values and bene f i t s , 
i nc lud ing economic , r ecreat iona l ,  aesthe t ic ,  and eco
log ical , of improved stewardship of f ish and w i ld l i f e  
r e sources .  

2. I ncrease publ ic understand i ng  and awareness , 
through research and extens ion , of how present agr i
c u ltural and forestry prac t ices affect wildlife habitats . 

3 .  Through publ ic policy and education , encourage the 
adopt ion of management prac t ices and systems such as soi l 
and water conservat ion that can both sustain h igh level s 
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o f  agr icultural and forestry output and increase f ish and 
w i ldlife populations . 

4 .  Educate policymaker s , producers , and the publ ic as 
to the c r i t ica l impor tance of t iming in dealing with th e 
dynamics of b iolog ical populat ions , in chang ing product ion 
pract ices , and in developing and implementing publ ic 
polic ies des igned to br ing into better balance the 
nat ional obj ect ives of enhanc ing ag r icultural and forestr y 
productivity and improving habitats for f ish and wild l i fe . 

5 .  Encourage habi tat deve lopmen t  plans for spec i f ic 
w i ldl ife i n  local areas . Local f ish and w i ld l i fe 
conse rvat ion g roups should be encou raged to develop plan s 
for habitat enhancement with the assistance and expert ise 
of federal , state , r eg ional , county , and local agenc ies 
and unive r s i t ies . 

The maj or c r i t ical research needs fall in four broad 
categor ies with spec i f ic needs unde r each . Spec i f ic 
r esearch needs for cropland and pasture habitats , forest 
hab itats , western rangeland habitats , lake and stream 
habi tats , inter ior wetland hab itats , and coastal wetland 
and estuary habi tats are g i ven at the ends of Chapter s  6 
t hrough 11 . The maj or categor ies of research needs are 
as  follows : 

1 .  Assess the effects of present ag r icultural and 
forestry pr act ices and systems on productiv i ty and on 
f ish and w i ld l i fe habi tats . 

( a ) resolve def init ional and measuremen t 
q uest ions r elated to c lass i f icat ion and inventory 
techn iques for wildl ife habitats . 

( b )  identify the shared c r i t ical parameters in 
agr icultural and forestry product ion on the one hand 
and f i sh and w i ld l i fe habi tats on the other . 

( c )  develop more comprehens ive concepts to use i n  
t he measurement of agr icultural productivity that 
account for outcomes beyond the phys ical product ion o f  
agr icultural and for estry products , such as the cost 
to the envi ronment , the cost of energy used , and the 
impact on rural deve lopment . 

2. The social , political , and economic aspects o f  
l and management should be cons idered i n  e ffor ts to 
deve lop ag r icultural and forestry pract ices that operat e 
e f f ic iently to reduce eros ion , reduce water and energy 
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requ irements , reduce the use of tox ic substances , and 
ma intain long-term qua l i ty of the resource base . 

3 .  Develop new strains of plants and an imals with  
g reater s tress toler ance ( to pests and d i seases , weather , 
and adverse soi l  and water cond i t ions ) and increased 
y ields ( improved photosynthet ic e f f ic iency , n itrogen 

f ixat ives , and so on ) ,  ensur ing conservat ion of resource s 
and improv ing the quant i ty and quality of f ish and 
wild l ife habitats . 

4 .  S tudy how t o  use incent ives as wel l  as r egulat ions 
to br ing about opt imal resource use to meet mul t iple 
purposes . Such incent ives include ( a ) taxat ion , ( b )  
subs id izat ion , and ( c )  the creat ion o f  markets t o  value 
prev iously nonpr iced outputs from land and water 
resources . 

I t  is  not within the Commi ttee ' s  charge to propose 
spec i f ic and deta i led pol ic ies for enhanc ing f ish and 
w i ld l i fe habitats . In general ,  however , pol ic ies , to be 
effect ive , mus t  be internally con s i s tent and mutually 
support ive of other related pol ic ies . Th is is  not 
cur r ently true . For example , the federal governmen t 
g uarantees that producers  rece ive certain  min imum pr ices 
for some commod i t ies . Th is  encourages product ion of 
these commod i t ies even when suppl ies exceed demand , wh ich 
leads to continued produc t ion on marg inal agr icultural 
lands and the convers ion of other lands to agr icultural 
produc tion . Also , the federal government often provide s 
techn ical and/or f inanc ial assistance for draining 
wetlands even as other agenc ies are purchas ing wetland s 
or  wetland easements . Such incons istent and conflict ing 
programs not only waste scarce funds but also ar e 
detr imental to wild l i fe values . Many conflicting 
pol icies were developed independently in response t o  
spec i f ic problems , but they now must b e  reexamined to 
ensure that they are in the overall publ ic interest . 

Any polic ies developed mus t r ecognize the 
interdependenc ies of agr iculture , forestry , f ish and 
w i ldl ife , and other sec tors of the nat ional economy . 
None i s  of such overr id ing impor tance that i t  can be 
cons idered independently of the others . 

Publ ic pol ic ies mus t  recognize that ag r icultural lan d 
u se and pract ices and the ir  impacts on f ish and wild l i fe 
habitats vary from r eg ion to reg ion . Guid ing pr inc iple s 
are best set by nat ional pol icy , but the d ive r s i ty of 
needs and oppor tun i t ies mandates that spec i f ic prog ram s 
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1 
Introduction 

Hab i tat i s  the environmental sett ing in wh ich an anima l  
or  plant normal ly l ives , g rows , and r eproduces . Agr i 
cultural land use , includ ing graz ing , crop product ion , 
and forestry , affects the qual ity and quan t i ty of the 
water and land avai lable for food , cover , space , and 
l iv ing and r eproduc ing s i tes for f ish and wild l i fe . Th i s  
repor t examines agr icultural trends and the i r  l i ke ly 
impac ts on f ish and w i ld l i fe hab itats . 

HABITAT FEATURES OF IMPORTANCE TO WILDLI FE 

To understand how ag r icultural and forestry activities 
af fec t  hab i tat , i t  i s  necessary f ir s t  to understand how 
w i ld l i fe are attrac ted to and use var ious natural 
hab i tats . The complex ity and infin ite dive r s i ty o f  
w i ldl ife habitats make the categor i zat ion o f  the habi tat 
char acter i stics of numerous spec ies an imposing and 
impractical task . Patterns of use in th i s  study will be 
i llustrated by examples ,  instead of by attempt ing to 
address the mult ipl ic i ty of types observable in var ious 
spec ies or groups of animal s . 

Some comprehens ive , broad hab itat character istics have 
been identif ied by sc ient ists . Key hab i tat character 
i s t ics were presented as ear ly as 1938  ( K ing 197 4 ) . 
These inc lude the ava i lab i l i ty and adequate interspe r s io n  
of  cover , food , and water . The spec ial r equ irements 
assoc iated with reproduction inc lude spec ial foods (ofte n  
prote in r ich ) ,  den o r  nest s i tes , and the ter r itor ial 
spac ing often assoc iated with breeding . Such spac ing 
depends on the soc ial system of the an imal 7 some colon ial 
spec ies l i ke herons c luster i n  l imi ted habitat dur ing 
breed ing per iods and d i sperse at other t imes , whereas 

1 
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other birds flock dur ing the winter and become h ighly 
ter r i tor ial dur ing br eed ing .  

The habitat needs o f  res ident spec ies may d i f fer from 
those of mig ratory ones . Wher e  changes from season to 
season due to c l imate or ra i nfall are severe ,  mobi le 
spec ies f ind the resources they need by mov ing to 
d i fferent habitats . Muskrats may do this locally , but 
b i rds annually migrate long d i s tances to exploit 
r esources . Anadromous f ish swim from the ocean or a lake 
to streams to br eed . 

Recent s tud ies of an imal communi t ies have identif ied 
certain patterns of vegetat ion impor tant to wild l i fe 
( Thomas 1979 ) . I t  long has been known that border s , or 
edges , between two vegetat ive types are r ich in  numbe r o f  
spec ies ( d iver s i ty )  and somet imes i n  numbers of 
individuals of a spec ies (abundance ) .  Many cont iguou s 
d i f ferent types of vegetat ion and the edges between them 
form a hor i zontal pattern , wh ich i s  attrac t ive to 
w ildl i fe . Ver t ical layer ing , such as in forests , is 
anothe r  hab i tat patter n that induces use by a var iety o f 
spec ies , and thi s  is  regarded as bene f ic ial to wildl ife . 

The hab i tat dive r s i ty of an area may be a r esult of 
n a tural , local , c l imat ically controlled vegetat ion , but 
i t  also is  influenced by t ime . Natural or man-made 
d isturbances of vegetat ion induce a success ion , wh ich 
beg ins with pioneer ing plants that are subsequently 
r eplaced with change in microc l imate and soi l  cond it ions , 
inc lud ing nutr ien t leve l  and nutr ient exchange . Di fferen t 
w i ldlife communi t ies have adapted to these var ious 
vegetat ive stages because of the d if ferent food and cove r 
ava i lable in each . Thus w i ld l i fe commun it ies are dynamic . 
I n  streams and lakes , s imilar processes occur that are 
inf luenced by phys ical cond i t ions , age , and nutr ient 
level. 

There are other g eneral patterns in f ish and wildl i fe 
commun i t ies . In  communi t ie s  with few spec ies , the 
spec ies occupy broad n iches . I n  more complex commun i t ies 
with many spec ies , the n iches are nar row (MacAr thur and 
Wilson 196 7 ) . Essentially , compet i t ion for resources 
induces spec ialization and r educes n iche breadth . A mor e 
complex .vegetat ive structure then produces more potent ial 
s i tes for an imals with d i f ferent requ irements wh ile it 
r educes compe t i t ion . Hence habitat d iver s i ty generally 
produces a greater divers ity of f ish and wild l i fe. 

Natural processes such as f ire , flood ,  and graz ing 
cause a cont inu ing plant success ion , and hence wild l i f e  
d ive r s i ty ,  in natural systems . However ,  severe natur al 
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ef fects such as fire  can decrease wild l ife dive r s i ty . 
The management prac t ice of tempor ar i ly lowe r i ng the water 
leve l in a mar sh , known as dr awdown , produces th is effec t  
a lso . Management goals often inc lude setting back 
success ion to st imulate and hold a part icular plant 
commun i ty ,  such as qua i l  hab itat management by f ire or 
manag ement of an endangered spec ies habitat in wh ich a 
reduced habitat would be fur ther endangered by natur al  
success ion toward local mature communities . 

EFFECTS OF AGRICULTURAL ACTIVITIES ON WI LDLIFE HABI TAT 

Ag r icultural ac tivit ies on cropland , r angeland , pasture , 
and forest land have been alter ing wildlife habitat , in 
both pos it ive and neg at ive ways , throughout Amer ica ' s 
h i story . Agr icultur al  and forestry produc tion has 
inc r eased to meet the g rowing demands of an expand ing and 
more aff luent populat ion for food , f iber , and forest 
products . Dur ing the ear ly per iods , the c lear ing of 
forests for small , scattered farms created hab i tat 
divers ity that prov ided a fer t i le env ironment for spec ie s 
l i ke robins , woodchuc k s ,  and bobwh i te qua i l .  But , at the 
same t ime , it decreased favor able habitat for other nat ive 
populat ions , such as wild tur keys , blac k  bear s ,  and moose . 
The mig r at ion westward brought a dras t ic mod i f icat ion of  
prair ie habitat to the detr iment of some wildlife ( bi son , 
elk , and pronghor n)  and to the benef i t  of others ( rodents 
and lagomorpha) . These ear ly changes were g r adual in 
relat ion to the r ate of transformat ion brought on by th e  
advent o f  mechani zed agr iculture . I n  the ear ly per iods , 
wildl ife had t ime to adapt to " chang ing cond itions • • • 

[ or ]  • • • to retreat to nearby und isturbed areas . But 
[modern] ag r iculture in Amer ica r apidly affected vast 
areas • • •  g iving most wild l i fe spec ies no t ime to adapt 
and no place to retreat• ( Brokaw 19 78 ) .  

Moder n  ag r icultural technology,  together with economic 
forces , has favored large cont iguous f ie lds devoted to 
s ing le c rops . The increas ing ly eff ic ient drainage of 
lowlands , improved var iet ies of crops capable of g rowing 
on marg inal soi ls , increased and more eff ic ient use of 
fer t i l i zer and pestic ides , and deve lopment of i r r igatio n 
h ave expanded c ropland at the expense of natur al 
ecosystems . The var iety of habitat essent ial to wild l i f e  
i s  now of ten lac k ing . Spec ies that responded pos itive ly 
to ear lier  patterns of agr iculture have now dec l ined . 
The r ing-necked pheasant is  an excellent example : the 
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large pheasant populat ions typical in the Midwest an d 
Nor thern P la ins 30 years ago have dwindled rapidly with 
the intens i f icat ion of ag r icultural operat ions . 

Many spec i f ic agr icultural and forestry land use 
pract ices af fect the potent ial of an area to suppor t 
w ildl i fe . A uni t of land planted to row crops or g r a in 
and plowed immed iately after harvest results in  poor 
habi tat for most wildl i fe .  I f  the same un it  i s  c ropped 
us ing conservat ion t i llage practices or is used for 
pasture , i t  becomes more attract ive to several spec ies . 
Crop and forest d iver s i ty ,  plant spac ing , presence of 
weeds , spi l lage of harvested crops , c rop and forest 
res idues , timing of farming and s i lv icultural operat ions , 
f ield s i ze ,  and d istr ibut ion of  f ields in relat ion to one 
another and to uncu ltivated bottomlands ,  woodlots , and 
s imi lar areas that are relat ively und isturbed all 
determine the attract iveness of an area to wildlife . 
Often , small changes in land use pract ices can result in 
major d i fferences in  the amount of hab i tat ava i lable to 
w i ld l ife . 

O ther pr act ices result in changes in the quality of 
aquatic habitats . S i l t  from eros ion and runoff from 
org anic wastes , fer t i l izers , and chemicals ,  as well as 
such techniques as i r r igat ion , channe l i zation , pend ing , 
and cutt ing on s teep slopes , affect aquat ic sys tems and 
hence the spec ies d iver s i ty of fish and wildlife dependen t 
o n  these habitats . 

S ome prac t ices that increase agr icultural product ion 
enhance fish and wild l i fe hab itats � othe r s  are detr i
mental . For example , d iver s i fying crop and tree spec ies 
may increase yields and bui ld soi l  texture and fer t i l ity 
and a t  the same t ime create w i ldl i fe habi tats far super ior 
to those of s imilar  areas that suppor t s ing le-spec ies 
c rops . Erosion control often d irectly and ind irectly 
improves ter restr ial habitats and protects water qual ity 
wh i le benefit ing agr icultural product ion . Fall plowing , 
double cropping , extens ive clearcutting , and increased 
use of herbic ides a id produc t ion , but usually at the 
expense of wild l i fe hab i tat . 

Whenever a change in agr icultural or forestry prac t ices 
provides food or cover for w i ldl i fe ,  a var iety of spec ie s 
are  usually qu ick to adj u st to the new resources . Canada 
geese winter by the thousands in  areas where ther e i s  
l ittle water or natural f ood  b u t  where corn has been 
spi l led dur ing the harvest in extens ive f ie lds . S imila r 
r esponses to new sources of food or shelter can be 
observed in songbirds and other nongame spec ies . I n  

/ 
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contrast , spec ies can be e l iminated by ag r icultura l 
prac t ices that f r agment the i r  habitats . Some i nsec t
eat ing songbirds need large forested areas dur ing the 
breed ing season , and pract ices that break up forests are 
likely to be detr imental to them . 

THE STRUCTURE OF THI S  REPORT 

Th i s  repor t falls roughly into two par ts . The f ir s t  
par t , Chapters 2 through 5 ,  ident if ies the maj or 
ag r icultural  trends in the United States . Chapter 2 
focuses on the incorporation of wild l i fe values in land 
and water use dec i s ions and the measurement and valuat ion 
i ssue s  assoc iated with the pr ivate and publ ic pol icy 
dec i s ions that will  affec t  the nature of the impacts o f  
ag r icultural trends . Chapter 3 d iscusses the maj or 
forces that shape ag r icultural trends part icular ly 
impor tant to wildl ife habitat . Chapter 4 prov ides 
informat ion about land and water resources and d i scusse s 
t rends for future land and water use as well as the 
qual i ty and ava i lab i l ity of these resources .  Chapter 5 
examines ag r icultural and forestry management prac t ices 
that affec t  f i sh and wi ldlife habi tats and the l i kelihood 
of the i r  cont inued use . The second par t ,  Chapter s  6 
through 11 , examines the impacts of the ident i f ied trend s 
on each of the major habitat types . 
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2 
Measuring and Incorporating 
Wildlife and Habitat Values 
in Land and Water Use Decisions 

RELATIONSHIPS BETWEEN AGRICULTURAL TRENDS 
AND WI LDLIFE HABITAT 

Farming , be i t  for f ish or corn , is  an activity in wh ic h 
n atural envi ronments are mod i f ied to enhance product ion 
of harvestable goods . In add it ion to the benef its of 
farming ,  there may also be adverse consequences . For 
instance , envi ronmental mod i f ications under taken to 
i nc rease c rop f lows may result in d isturbances that 
r educe the ava i labi l i ty of w i ld l i fe habitat . The habita t 
may be destroyed as a d irec t  result of tillage and 
harvest ing activities , or i t  may be reduced in qua l i ty a s  
a r esult o f  res idual flows into water bod ies result ing in 
sed imentat ion and chemical loads . Some changes in farming 
prac t ices may have a pos i t ive effect on f ish and wild l i fe 
habi tats , enhanc ing the flow of f ish and wild l i fe goods . 

The r elat ionsh ips between agr icultural trends and 
wi ld l i fe habitats fall into three categor ies : 

1 .  One value is subs t ituted for another . Increas ing 
the ag r icultural output reduces hab itat ava i labil ity o r  
qual i ty ( e . g . , the dra in ing of marg inal wetlands for crop 
produc tion) • 

2. The two values are complementary . Chang ing certain 
ag r icultural pr act ices increases habitat ava ilab i l i ty or 
qua l i ty ( e . g . , shifting to reduced t illage prac t ices 
increases wi ldl ife food , cover , and water qual ity ) . 

3 . The two value s are independent of each other . 
Chang ing certain ag r icultural pract ices has no impact on 
habitat ava ilab i l i ty or qual ity ( e . g . , chang ing row crop 
rotat ion has no effect on general habitat characte r i s t ics ) • 

6 
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NATIONAL VERSUS REGIONAL IMPACT S  

The trends in u . s .  agr iculture be ing assessed in th is 
repor t may not be un id i r ect ional for all reg ions of th e 
country .  For example , if r is ing energy pr ices provide 
incent ives for food product ion closer to major population 
centers , then food and l ivestock product ion may become 
mor e  d iver se around c ities and les s intens ive in othe r 
a reas . Li kewise , increased i r r igat ion east of the 
Mi ssiss ippi  River is antic ipated , whereas reduced 
i r r igat ion is  expected in the West . These changes will 
l i kely benefit  wild l i fe in the Wes t  and be to the 
detr iment of wild l i fe in some areas in the Eas t .  

One factor assoc iated with o r  responsible for th e 
r eg ional d ifferences is  the shift ing comparat ive 
advantages of the ag r icultural locations . Chang ing 
economic cond it ions , such as r is ing energy pr ices , 
influence transpor tat ion and i r r igation costs and , i n  
turn , the types o f  crops most prof itably g rown i n  a g iven 
reg ion . There are  reg ional d ifferences in the intens ity 
and nature of product ion as well . 

Ecosystems in some reg ions are  mor e  frag i le and 
s ens i t ive to chang ing trends than are those in other 
reg ions . Supplemental i r r igat ion may have a smaller 
impact on water qual i ty and quant i ty in the eastern 
states than in the western states . 

I t  i s  impor tant to cons ider r eg ional trends in 
product ion as wel l  as nat ional changes . Once the 
r eg ional trends are ident i f ied ,  the i r  potential impacts 
can be assessed in terms of the par t icular reg ional 
habi tat characte r i s t ics and s i tuat ion . In assess ing the 
hab i tat impacts it is impor tant to remember that the 
whole is the sum of its par ts and that some of the parts  
may be  quite  d if ferent . 

INCORPORATING VALUES I N  DEC ISIONS 

The major imped imen t to the inclus ion of wildl i fe and 
habitat values in land use dec is ions is  that these values 
are d i f f icult to measure . Wi thout an accepted un i t  of 
value , w i ld l i fe and habitat values cannot be expressed in 
dollar s for compar ison with othe r land use values . At 
present , it is poss ible to measure , or measure by proxy , 
some wild l i fe hab itat values such as recreation , bu t the 
mor e intang ible aesthetic and ph i losophical benef its may 
be imposs ible to measure . 
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Although Congress has declared that "Fish and wildl if e 
are of ecolog ical , educat ional , aesthe t ic , cultural , 
recreational , economic , and sc ient i f ic value to the 
Nat ion " ( Fish and Wi ld l i fe Conservat ion Act of 1980 ) , 
other dec is ionmakers have often fai led to share th i s  
recog n i t ion . Inclus ion o f  wild l i fe values in 
dec is ionmak ing is  further complicated by the fact tha t 
t hey are often external to private interests and included 
only in soc ial or publ ic interests . 

Th is  "publ ic good" nature of wildli fe is  related to 
the doctrine of public ownership that governs wildl ife i n  
the Uni ted S tates . The d i f f icult quest ion o f  who owns 
wild l i fe presents a major obstacle to valuat ion . In thi s 
country , w i ld l i fe is  determined to be owned by all 
Americans . The ownersh ip r ight i s  l imited , however , by 
the power of both s tate governments and the federal 
government to protect and control wildl ife in the 
i nterests of the publ ic and future generat ions . One 
answer to the ownership quest ion was put succ inctly bu t 
paradox ically by Russell Tra in when he sa id , "Wild l i fe is  
owned by everybody and by nobody • • •  " ( Brokaw 19 78 ) . 
Thus a ttempts a t  valuat ion founder on the fact that one 
per son ' s  use of wildl ife resources affects another ' s , 
somet imes pos i t ively , often negat ively . Yet these 
elus ive external costs and bene f i ts ( i . e . , those no t 
t aken into account by ind ividuals ) must somehow be 
inc luded in estimates of wild l i fe resource values . 

In  economic terms , the des ired level of investment in 
w i ld l i fe hab i tat improvements is determined by pushing 
s uch investments to the level where the added bene f i ts of 
improvement are equal to the added costs of improvement . 
These costs of improvement include the outlays for 
habitat improvement as wel l  as the foregone net return s 
from agricultural output or other compet ing uses . In the 
pas t  there have been at best only partial assessments of 
benef its and cos ts of wildl i fe resource dec is ions , and 
the assessments can only be improved with a more 
acceptable measure than we have at present .  

VALUE OF WILDLI FE AND HABITATS 

Consumpt ive values of wildl ife are those assoc iated with 
the harvest ing of wild l i fe resources . Consumpt ive values 
c an be  d ivided into commerc ial and recreat ional va lues . 

Commerc ial value i s  the d i rect income from the sale o f  
w i ld l i fe or wildl i fe products or from a bus iness d irectly 
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related to a wildlife resource ( for example , the fu r 
tr ade and commerc ial f isher ies ) .  These are expl icit  
values tha t  can be  measured in dollar s . 

Recreat ional value refers to the enjoyment der ived 
from recr eat ional activitie s  such as spor t hunt ing and 
spor t f ish ing in which w i ld l i f e  resources are harvested . 
I t  should be noted that , wh ile the hunter or f isherman 
g a ins consumpt ive value from " harvest ing "  a deer or f ish , 
he or she also benefits from the nonconsumpt ive values 
a s soc iated with the total recreat ional exper ience . I t  
should also be noted that whereas a few individual 
c r eatures are removed from the populat ion , str ict 
r egulat ions ensure that adequate number s  rema in to 
produce offspr ing . Thus , even though harves ted , the 
w i ld l i fe resource replen ishes i tself for the enjoymen t 
and use of future bene f ic iar ies . 

Nonconsumpt ive values ar e those assoc iated wit h 
a c t iv i t ies that do not preclude later use of the same 
r e sour ce . Nonconsumpt ive values include recreationa l 
v a lue , b iolog ical value , env ironmental qual i ty value , 
educational and ph ilosoph ical values , and aesthetic value . 

Recreat ional value is  assoc iated with the enj oyment 
ga ined from many recreational act i v i t ies involv ing 
w ildl ife and wild l i fe habitats , such as birdwatch ing , 
h i k ing ,  camping , photography , and the nonconsumpt iv e 
bene f i ts enjoyed by hunters and spor t f ishermen . I t  
r e lates to the "pleasure , adventure , and enhanced 
phys ical and mental health from outdoor act iv i t ies • 

( that people gain from )  • • •  the pur suit  or somet ime s 
acc idental enj oyment of wild l i fe and its habi tat " ( Ba i ley 
19 8 1 ) .  

The biolog ical value of wildlife and its habitats i s  
der ived from the i r  contr ibut ion t o  genetic research ,  
t he i r  potential for provid ing now unknown benefits  in the 
future , and the i r  cruc ial role within the i r  del icately 
balanced ecosystem . 

The env i ronmental qua l i ty value i s  the contr ibution 
made by wild l i fe and wild l ife habitats to the overa l l  
environmental quality o r  health o f  the ecosystem . To the 
env i ronmentalist , the presence of w i ldl ife and its  
habi tats i s  a valuable ind icator of the overall environ
mental qual i ty .  Wi ldl ife resources are of educat ional 
v alue because they can be used for research into areas 
s uch as genet ics , prov ide answers  to many questions 
confront ing humans , and " enhance people ' s  understand ing 
of the i r  envi ronment "  ( Bai ley 198 1 ) . The study of 
w i ld l i fe and its habi tats is  also valuable " to ph ilosophy 
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because wild l i fe ecology i s  the study of l ife and serves 
as one bas i s  for speculat ion on human purposes , values , 
e th ic s ,  and des t inies"  (Bai ley 198 1 ) . 

Aesthet ic value refer s to aspects of the wi ld l i f e  
r esou rce that provide v i sual , intellectual , spi r i tual , 
and ar t i s t ic satisfact ion and inspi ration . 

Th ree other types of values are also recogn i zed : 
opt ion , ex i s tence , and negat ive values . Option value i s  
that associated w i th the knowledge that a resource i s  
ava i lable for u s e  sometime in t h e  future . An opt ion 
va lue holder is one who i s  will ing to pay a premium for 
the assur ance of future use of a resource . Ex istence 
value i s  gained by someone who bene f i ts from the 
knowledge that a wi ldl ife resource is avai lable in  a n  
a r e a ,  whether o r  not h e  o r  she ever uses i t . Negative 
values of wild l i fe refer to damage done to property by 
w i ldl ife , such as l ivestock lost to predator s ,  or damage 
to crops from for ag ing animals and birds , or threats to 
human and animal health through the tr ansmiss ion of 
d i sease . Campa igns against bald eag les and coyotes by 
c e r ta in prope r ty owner s  are an express ion of negat ive 
value as are the costs of controll ing damages involved i n  
fenc ing , trapping , and patrol ing . 

There are two stumbling blocks in  the way of mor e 
expl i c i t  quant i f icat ion of wild l i fe habi tat benef its for 
pu rposes of analyz ing the i r  worth to soc iety .  First , 
expl ic it  values for wildlife resources are scarce because 
the mar kets that would def ine them seldom ex ist . Second , 
impac ts on w ildl i fe habitat are often not a factor in  
many dec i s ionma k i ng processes . For example , farme r s  ar e 
often unable to quant i fy benef its to themselves from 
improved habi tat and for th i s  reason ignore wild l i fe whe n 
mak ing product ion dec i s ions . 

The f irst  stumbl ing block does not rule out dec is ions 
on the bas i s  of imper fect informat ion � the result is les s 
than des i r able levels of wildl ife habitat . The second 
argues for publ ic intervent ion to point up public benef i t s 
o f  w i ld l i fe when they are mor e impor tant than the pr ivate 
benefits to the farmer . Only l imited publ ic intervention 
has occu rred where pr ivate lands were involved . 

MEASURING WI LDLIFE AND HABITAT VALUES 

Losses of wildl i fe habi tat because of agr icultur al and 
other activities shou ld be evaluated both biolog ically 
and economically to assess the ser iousness of loss , to 
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determine ways to m�n�m�ze impacts , and to dec ide upo n 
t he best alternat ive use of the land . Methods for mak ing 
such evaluat ions have developed slowly because of the 
complex ity and expense of read i ly assessing the dens i ty , 
r ichness , and dynamics of natural commun i t ies , and the 
d i f f iculty of mak ing economic compar i sons of aesthe t ic 
and non-product los ses with other k inds of loss . 
Recently , however , envi ronmental protect ion laws coupled 
with the development of spec ial agency groups to enforc e  
t hem have spurred evaluat ion efforts , wh ile , at the same 
time , techn iques have been evolv ing for assessing othe r 
nonmarket goods and serv ices that can be applied to 
w i ldl i fe habi tat values . 

There are a var iety of measur ement techn iques that can 
be used to quantify wildl ife number s  and hab itat qua l i ty . 
These techn iques encompass f ish and wildl i fe popu lat ion 
sur veys , w i ld l i fe community enumerat ions , and habitat 
a ssessments . 

A d iver s i ty of techn iques has been devised to est imate 
f i sh and wildl ife dens ity ( i . e . , the number of individuals  
o f  one spec ies per un it  area  or volume ) . Some are indexes 
that al low only year -to-yea r or ar ea-to-area compar isons 1 
other s are total censuses that purport to count an ent ire 
populat ion . These techn iques are bes t summar i zed for 
w i ld l i fe by Schemn i tz ( 1980 ) and for f i sh by Bagenal 
( 1 97 8 ) . Trad it ionally , these estimates have been t ime 
consuming , cover ing several seasons or years , a span 
rarely allowed for in cur rent impact assessment wor k . 
Even methods l ike the Peter son-Lincoln index requ ire the 
ma r k ing of a s ignif icant numbe r of an ima ls and a h igh  
r ate of r ecapture . Newer indexes that also conver t  to 
dens ity estimates are be ing developed and tested , so tha t 
u l t imately such populat ion assessment may demand less 
t ime and money and fewe r people ( Burnham et al . 19 80 ) .  

To assess the dens ity of the numerous w i ldlife  spec ies 
coex isting in an area i s  an enormous task . Neve r the less , 
s ome effor t must be made to determine the number s  of 
d i f ferent spec ies that occu r ( spec ies r ichness ) and the i r 
r e lat ive abundance . Whe reas l ine or spot censuses may 
provide informat ion on spec ies r ichness , data necessary 
for total censuses ( for calculat ing spec ies dens i ty 
indexes ) are d i f f icult to obta in . With small birds , mis t 
nett ing has been used r egular ly , and f isher ies sc ienti sts 
have used nets and tr aps of var ious s izes . Mammalog i s t s  
have combined live and dead traps t o  assure representat ion 
of all spec ies for an index to relat ive abundance . Al l 
t hese techn iques have problems of inaccur acy and are 
t ime-consuming , but they are be ing improved . 
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Standard vegetat ion assessment techniques have bee n  
u sed to sample the habi tats o f  ter restr ial wild l i fe . 
These include cover maps , quadr ats , tr ansects , and 
b i sects . Aquat ic habitats are most diff icult to appra i se 
and involve physical par amete r s  such as depth , s i ze of 
substr ate , chemi stry , and vegetat ion . All are d i f f icult 
to re late to how f ish and w i ldlife use the habitat , and 
many asse ssments of habitat use f ish or wild l ife dens i ty 
as a measure of carrying capac ity and , thereby , quality 
o f  the habitat . Ag a i n ,  the se measurements are t ime
consuming and of ten requ i r e  several seasons of study 
because they involve observat ional rather than exper i
mental approaches . 

New qualitat ive approaches to hab itat assessment have 
bee n deve loped by several federal agenc ies , wh ich are 
o f ten pressured to make j udgments or plan for future 
resource management needs with little sc ient i f ic 
j ust i f icat ion .  The u . s .  F ish and Wildl ife Serv ice is now 
test ing a system called the Habitat Evaluat ion Procedur e  
( HEP ) ( Schamberger and Farmer 197 8 ) . Th is  i s  a community

or iented approach to habi tat evaluat ion involving 
qual itat ive assessments of the suitabi lity of a habitat 
for each re levant spec ies . The process involves mapping , 
u se of selected spec ies as ind icators , tr ial runs in 
sample areas , and , ult imate ly , the calculat ion of a 
su itabi l i ty index from 0 to 1 . 0  for each character istic 
of the habitat . Cons iderable qualitative j udgment i s  
i nvolved based o n  the experience and knowledge o f  the 
evaluator . 

The Lower Mississippi River Division of the u . s .  Army 
Corps of Eng inee r s  is deve loping another system called 
the Habitat Evaluat ion System (HES ) . Wh ile i t is not yet 
in ope r at ion , it will be ecosystem-or iented and perhaps 
more comprehensive in the way it appra ises such natur al 
processes as success ion . Wh itaker and McCuen ( 1976 ) ,  
Thomas et  a l .  ( 197 6 ) , and L ines and Perry ( 197 8 )  have 
deve loped othe r sys tems tai lored to spec ial local or 
r eg ional tasks . 

These systems , when per fected , will be useable by 
d i f ferent researchers and agenc ies . The me thods will  b e  
comparable , and i t  will be poss ible t o  compare the data 
they gener ate on habitat evaluat ion , impac t assessment , 
and long-range planning for wildlife resources .  S t i l l  
further ag reement on methodology need s to emerge from 
these exper imental approaches ,  however , so that quant i
f icat ion and model i ng feas ibility can be improved . 
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ECONOMIC VALUATION METHOD S 

A number of valuat ion methods des igned to measure 
r ecreat ional values are appl icable to values of wild l i f e  
r esources even though some o f  them have ser ious 
shor tcomings . Such methods of evaluat ion include th e 
d i rect  expend itures method , mar ket value of harvested 
game , cost apprgach , unit  day value method , and the 
w i l l ingness-to-pay techn iques . 

The d i rect expend i tures method seeks to value wi ldl i f e  
ac t iv i t ies o n  the basis  o f  the total amount spent by 
par t ic ipants in w i ld l i fe-related activities . Usually a 
quest ionna ire i s  ma iled to a randomly selected populat ion 
to e l ic i t  informat ion on dollar s spent on w i ldl ife 
r esou rce act iv i t ies , such a s  food , lodg ing , travel , 
equ ipment , and l icense fees � The method i s  based on th e 
a ssumpt ion that the value of wildli fe-re lated activity is  
equal to or greater than the amount spent in the enj oyment 
o f  the ac tivity .  Nobe and G i lbe r t  ( 19 7 0 ) used thi s  
approach t o  estimate t h e  economic value of hunting and 
f ish ing in Color ado , which they concluded had amounted to 
$2 50 m i l l ion in 1968 . 

A maj or c r i t ic ism of thi s  approach i s  that i t  measures 
gross value instead of a net increase in value added by 
i ncr eases in the oppor tunity to enj oy w i ldlife  resources , 
or conver sely , the added costs of declin ing oppor tun i t ie s  
( Dav is 196 3 ) . 

Another technique est imates the value of activities 
related to the wildl ife resource by using the mar ket 
value of the har vested game . For example , i t  is argued 
that the measure of the value of f i sh ing is the mar ke t 
value of the f ish caught .  The method fails  to assess the 
wide range of benefits  assoc iated with act iv i t ies related 
to w i ld l i fe and assumes that the sole bene f i t  of the 
act iv i ty i s  der ived from harvesting the wild l ife ( Davi s 
1 9 6 3 ) . Also , for many spec ies harvested for spor t a 
commercial mar ket may not ex is t .  

The cost approach proposes that the value pf a 
w i ldl ife resource i s  equal to the cost of deve loping and 
ma inta ining i t .  The techn ique does not enab�e us to 
ident ify added ga ins or losses from wildl ife resource 
development or destruct ion , and it  can be a good example 
of c i rcular reasoning ( Brown et al . 1973 ) . 

One of the three methods approved by the Water 
Resources Counc i l  for valu ing wildl ife use , the unit day 
approach , uses exper t or informed opin ion and j udgment to 
est imate the value of a unit day of act i v i ty . These 
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values are typ ically based on the commercial valu e 
a s soc iated w i th d ifferent act iv i t ies related to w i ldl i fe 
resources . The ch ief problems of th i s  approach are ( 1 ) 
un i form values are not appropr iate for both commerc ial 
and publ ic w i ld l i fe resource use ; ( 2 )  the values ass igne d 
a re a r b i trar i ly chosen ; and ( 3 )  even though subj ect to 
ad j ustment , the values frequently do not adequately 
r eflect var iations in qual i ty in the recreat ion 
expe r ience . 

The  previous methods all f a i l  to arr ive at an est imate 
of w i ldl i fe resource value that sat isfactor i ly cover s 
most , i f  not all , of the appropr iate values and offers an 
ass�ssment of the added costs and bene f i ts of d i f feren t 
w i ld l i fe resource dec i s ions . Some measure is needed of 
the max imum amount consume r s  would be will ing to pay to 
continue an act iv i ty or to create a new one . The goal is 
to measure the total will ingness to pay of consumer s  for 
a g iven level and qual i ty of w i ld l i fe resources (or , in 
economic terms , the area under the demand curve ) . Two 
techn iques are ava i lable to prov ide this est imate--the 
tr ave l cos t method and the interview or contingent 
valuat ion method . 

The obj ect ive of the travel-cost method is  to est imate 
a demand curve for w i ld l i fe resources by analyzing 
var iations in  the number of vis its to a w i ld l i fe area and 
by measur ing the assoc iated var iation in trave l  costs . 
Th i s  method proposes that the cost of travel to a wi ldlife 
resource area for a v i s i tor from a distance i s  equa l to 
the value that the local user rece ives but does not need 
to pay for in trave l  expenses . A bas ic problem with th i s  
method i s  i ts assumpt ion that the sole cost o f  traveling 
i s  in money when , in fact , other costs such as  t ime and 
the i nconven ience are also relevant ( Dav is 196 3 ) . 

The interv iew or survey method est imates the value o f  
w i ld l i fe resource use with the a id o f  interviews or 
questionna i res that ask how much a per son would be 
w i ll ing to pay to use a certain w i ld l i fe resource . A 
mode l i s  then developed to pr ed ict  will ingness to pay fo r 
a g iven w i ld l i fe resource . The qua l i ty of the wild l i fe
related exper ience in an area is pos i tively related to 
the w i l l ingness to pay for the oppor tun ity to v i s i t  that 
area . The major problem with th i s  techn ique is that the 
i nd ividual ' s responses to the interv iew or survey 
ques tions may reflec t s ignif icant biases ( Schulze et al . 
1 9 8 1 ) . 

S everal s tud ies have laid the foundat ion for wild l i fe 
resource valuat ion by willingness-to-pay techn iques . 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


1 5  

Hammac k and Brown ( 19 7 4 ) looked at the value of water fow l  
hunting as a func t ion of the number of water fowl shot and 
bagged dur ing the season , along with othe r causal 
var i ables . Cocheba and Lang ford ( 19 7 8 ) related the 
will ingness to pay for water fowl hunt ing to the numbe r o f  
water fowl shot and bagged , and the number o f  shots 
missed . Capel and Pandey ( 19 7 3 ) expr es sed will ingness to 
pay for deer hunt ing in terms of total number of days 
spent hunt i ng in a season , expend i tures for hunt ing i n  a 
s eason , and hunter ' s  res idence . The ir  results showed 
that the more often a hunte r uses a s i te ,  the less he o r  
she i s  w i l l ing to pay per day , and that hunters  who spend 
mor e  dur ing the season to hunt at a spec i f ic s ite are 
more will ing to pay more per day . 

Compar i sons in both the Capel and Pandey ( 19 7 3 ) study 
a nd the Dav i s  ( 19 6 3 ) study of travel cost and interview 
methods reveal s imilar results for the two valuat ion 
techn iques . In any event , we need fur ther research in 
the appl icat ion of these techn iques , in the refinement o f  
var i ables measu r ing the qua l i ty o f  exper iences related to 
w i ld l ife resources , and in ways of incorporating more 
w i ld l i fe r esource values , such as  opt ion and ex istence 
values . 

ALTERNATIVES FOR MAINTAI NING HABITAT 

Although the discuss ion of the opt imal mix of ag r icultur e 
and w ildl i fe was based on the as sumpt ion that the mos t 
e f f icient or cost-effect ive means of atta ining 
i mprovements wou ld be used , there are a number of 
a l ternat ive approaches to providing w i ld l i fe hab i tat whe n 
g overnment intervent ion i s  deemed necessary . I t  i s  not 
the purpose of th is sect ion , however , to provide a 
c omprehens ive accounting of these alternat ives or even to 
suggest the most  appropr iate one s . 

The re are two general categor ies of pol icy approaches :  
d i r ec t  public intervent ion and incent ive schemes for 
p r ivate act ion . One form of d i r ect  inte rvent ion involves 
r e s t r ict ions on hectares of cropland , on land that could 
b e  u sed for cropland , or on ag r icultural expor ts . The se 
restr ict ions would leave mor e land avai lable for var ied 
w i ldl ife habitat and could change the nature of cultural 
pract ices . Another form of d i rect intervention would 
r estr ict cropp ing and l ivestoc k prac t ices . Reduced 
t i llage and graz ing intens i ty would improve hab i tat bu t 
l i ke ly at the expense of ag r icultural output . Finally , 
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t he publ ic sector could intens i fy wildl i fe management on 
public lands and acqu i r e  more public lands to compensate 
for deter iorat ion in quant ity or qual i ty of habitat on 
pr ivate lands . 

The incent ive approach for improved habitat on pr ivate 
lands could be used for wildl ife farming per se or for 
j oint product ion of agr icultur al products and wild l i fe 
through mod i f ied management of ex isting agr icultural 
l and . Recent research lends suppor t to the incent ive 
approach ( Burger anq Teer 19 8 1 ) . 

Finally , more research is  needed on the trade-offs 
between intens ively managed habi tat on a l imi ted land 
base and l imi ted management on a vast land base . I t  is  
conceivable that a larger supply of wildl ife hab itat may 
r esult from management at the intens ive rather than the 
extens ive marg in . These factor s  requ i r e  careful scrutiny 
as impacts on habitat are cons idered . 
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3 
Forces Shaping Agricultural Trends 
in Land and Water Use 
and Management Practices 

Amer ican ag r icu lture i s  influenced by many factor s ,  the 
most  impor tant of wh ich are the economic forces . How 
w i l l  the demand for ag r icultu ral products be affected by 
cont inued populat ion g rowth , both domestic and fore ign? 
Wi l l  relat ive income g row a long with populat ion , thereby 
sustaining or increas ing the demand for ag r icultural 
products? Will consumpt ion preferences for agr icultura l  
products rema in stable , or will  there be major shi fts in  
per capita consumpt ion of var ious products or mar ked 
changes in  the way some commod it ies are consumed? For 
example ,  will  more or les s  gr a i n  be produced and bow 
much will  be used for d irect human consumpt ion , for 
an imal consumpt ion , or for alcohol product ion? Will  far m 
s i ze continue to increase? What effect will  farm s i ze 
have on owner s h ip patterns , prof i tab i l i ty ,  and the way · 

land i s  used? Will  the chang ing geograph ical d istr ibut ion 
of the u . s .  population continue to cause the convers ion 
of ag r icultural lands to u rban purposes? Will pr ices of 
land ,  labor , energy , chemicals , and othe r product ion 
i nputs continue to escalate? What effect will fore ign 
exchange rates have on the r e lat ive value and des i r ab i l i t y  
o f  u. s .  agr icultural goods? 

Soc ial and pol i t ical forces are becoming mor e impor tant 
i n  shaping Amer ican ag r iculture . Wi l l  • t ight money • be a 
continuing economic pol icy? Will present pr ice pol icies 
for ag r icultu r e  cont inue? Will  restr ictions on the uses 
of pest ic ides and herb ic ides and other env i ronmental 
safeguards be streng thened or relaxed? Will ag r icultura l 
products be a g reater or lesser lever in u. s .  foreign 
pol i cy ?  

The future role of science and technology in shaping 
ag r iculture i s  unknown . Can new plant var ieties with 
g reater y ie lds , shor ter matur i ty ,  or g reater d isease 

18 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


1 9  

r es i stance be counted on to alter ag r icultural output and 
product ion pr act ices? Will fer t i l i zer  and pes t ic ides be 
looked to as the maj or sources of expanded productivity? 
W i l l  new produc t ion pract ices be found , or known ones 
extended , to reduce so il loss and arrest deg radat ion and 
deplet ion of water resources?  

These major soc ial , economic , pol i t ical , and 
technolog ical quest ions are addressed in th i s  chapte r a s  
a bas i s  for proj ect ing agr icultural trends i n  land and 
wa ter use and management pract ices . 

TRENDS I N  POPULATION AND INCOME 
AND THEI R IMPLICATIONS FOR U . S .  AGRICULTURE 

Wor ld Populat ion 

Wor ld popu lat ion is a s ig n i f icant force af fecting th e 
d emand for u . s .  ag r icultural produc ts . There i s  
d i sag reement about the pr esent tr end of wor ld populat ion , 
and the d i sagreement increases as proj ec tions are made 
f a r the r into the future . Proj ect ions for the year 20 0 0  
c an d i f fer by more than three quar ters of a bi l l ion 
people , depend ing on whethe r a 2 . 5  percent or a 1 . 7 
percent g rowth rate per year i s  applied (Table 3 -1 ) . 
Most  of the d iscrepancy i s  in the proj ections for the 
less  developed countr ies . In the more deve loped 
countr ies , present populat ion levels are better known , 
and g rowth r ates can be more accur ately pred icted . 

The major importers of u . s .  agr icultural products ar e 
Western Europe , Asia ( inc lud ing the People ' s  Republic of 
Ch ina ) ,  Afr ica , Latin Amer ica , Japan , and the Sov iet 
Un ion . Est imates of increases in  populat ion from 1975 to 
2 0 0 0  rang e  f rom a low of 10 percent in Western Europe to 
a h igh of 104  percent in Afr ica (Counc i l  on Environmental 
Qual ity and u . s .  Depar tment of State 1980 ) .  I f  the 
a ssumpt ions used to suppor t the h igh proj ect ion in Table 
3 - 1  mater ialize , wor ld popu lation will increase by 50  
pe rcent by the year 2 0 0 0 . I f  the low-level assumpt ions 
hold t r ue , wor ld populat ion will  increase by 35 percent . 
For the purposes of th i s  repor t ,  the Committee 
a r b i trar ily accepts the med ium-leve l proj ec tion of 4 2 
pe rcent . I f  this proj ect ion i s  used , the populat ion of 
the  major impor ter s of u. s .  ag r icultural commod ities wi l l  
i ncr ease by near ly 6 0  percent between 1 9 7 5  and 2 0 0 0 � that 
i s , the populat ion of these areas will  increase by abou t 
2 . 2 b i l l ion people by the year 2 0 0 0 . 
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TABLE 3-1 Wor ld Population Proj ections ( b i l l ions of people ) 

1 9 8 0  1990  2 0 0 0  
H igh Medium Low H i9h Medium Low H igh Med ium Low 

wor ld 4 . 5 4 9  4 . 4 7 1  4 . 3 8 4  5 . 5 4 5  5 . 3 4 0  5 . 1 4 0  6 . 7 9 7  6 . 3 5 1  5 . 9 2 2  ....., 
0 

More developed 
countr ies 1 . 17 4  1 . 1 7 0  1 . 16 6  1 . 2 7 6  1 . 2 5 2  1 . 2 31 1 . 37 7  1 . 3 2 3  1 . 27 4  

Less developed 
countr ies 3 . 3 7 5  3 . 3 0 1  3 . 2 1 8  4 . 2 6 9  4 . 0 8 8  3 . 9 0 9  5 . 4 2 0  5 . 0 2 8  4 . 6 4 8  

SOURCE : Counc i l  on Envi ronmental Qual i ty and u. s .  Depar tment of State 1 9 8 0 . 
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Irrespective o f  the accur acy o f  the estimates , the 
f ac t  r emains that world population i s  increas ing , and 
g i ven the current agr icultural production and potentia l 
c apac i ty in these areas the demand for u.s. agr icultural 
products will also increase . In 1980 , the product ion 
f r om one of every three hectares in the Uni ted States was 
exported . Therefor e compet i t ion for land for agr icultural 
uses a r i ses not only f rom the domestic demand for food 
but also from the g rowing fore ign demand . 

In add i t ion to the increased demand for food gra ins as 
a result of population growth in  impor ting countr ies , 
there are also r is ing demands for feed gra ins as r i s i ng 
a f f luence st imulates meat consumption . Thi s  demand will  
be  i n fluenced not only by populat ion levels , but  also by 
changes in per cap i ta g ross national produc t (GNP ) , oi l 
p r ices , levels of agr icultural produc t ion , and publ ic 
pol ic ies toward development . For example , est imates tha t 
per capita GNP in  import ing developing countr ies will 
increase over the next decade depend upon the successfu l 
t rans i t ion to a wor ld of h igh and increas ing oil  pr ices . 
I f  a GNP growth rate of 3 . 2  percen t is real i zed , an 
i ncrease over the 2 . 6  percen t r ate of increase of the 
19 7 0 s  ( Schn ittker Assoc iates 197 9 ) , the demand by 
impor t ing developing countr ies for feed grains to produce 
meat will  increase . I f ,  on the other hand , per cap i ta 
GNP grows at a lesser r ate than 3 . 2 percent or dec l ines , 
the demand for grain for human consumption could 
i nc rease . Care must be exerc ised in using any GNP growth 
rates for plann ing purposes . 

Changes in patterns of internat ional trade will  also 
af fec t  future demand for agr icultural products . For 
example , between 1975  and 1979  there were mar ked shifts 
i n  the dest inat ions of u.s. agr icultural expor ts (Table 
3 -2 ) . Wh i le the percentages of total expor ts to 
developed , developing , and centrally planned nat ion s 
r ema ined bas ically unchanged , agr icultural expor ts showed 
a shift  from developed nat ions to centr ally planned 
e conomies . There was also an impor tant and mar ked 
r educt ion in the percentage of grains and soybeans tha t 
went to developed countr ies and a substant ial increase in 
the percentage purchased by centrally planned nat ions . 

Sh i f t ing relat ive levels of per capita income among 
countr ies will change the pattern of exports of u.s. 
agr icultural commod i t ies . Expor ts to OPEC nat ions have 
increased dramat ically from 1972  to 197 8 (USDA ,  Economics , 
S tat i s t ics , and Cooperat ives Serv ice 1979a ) .  Dur ing 
those year s , exports of wheat to OPEC countr ies near ly 
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TABLE 3- 2  Des tination of u . s .  Agr icultural Expor ts , 19 75-1979  (percentage ) 

Grain Exf22rts 
Total Agr icultur al Wheat and Feed Soybean 
Expor ts Ex�rts Total Products Rice Grains Exf22r ts 

Developed countr ies 
1 975 61 57 46 26  1 7  6 2  9 0  
1 9 7 6  6 2  6 0  48  25 29 65 86 
1 9 7 7  6 2  6 2  50 25  26 70  8 4  
1 9 7 8  6 1  5 6  3 9  2 5  2 2  53  81  
1 97 9  6 1  5 2  3 7  24  24  4 8  7 4  

Developing countr ies N 
N 

1 9 7 5  3 6  3 5  4 2  60 81  14  9 
1976 35 30 35 64 68 10 9 
1 9 7 7  36 31 3 7  5 8  7 1  18  10  
1978  36  3 3  41 60 77 20 12 
1 979 34  31 36 52 74 20 1 2  

Centrally planned 
1 9 7 5  3 8 1 2  1 4  2 24 1 
1976 3 10 1 7  11 3 25 5 
1 9 7 7  2 7 1 3  1 7  3 1 2 5 
1978  3 11  20  1 5  1 27 7 
1 979  5 1 7  2 7  2 4  2 32 14  

SOURCE : USDA , Economics , Statistics , and Cooperat ives Service 1979a . 
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2 3  

doubled , and exports o f  corn , a pr imary feed grain , 
i nc reased by more than 10 t imes as per capita income in 
these countr ies has increased . 

u.s. Populat ion 

The u . s .  populat ion i s  proj ected to increase by abou t 2 4  
percent between 1 9 7 5  and 2000  ( U . s .  Water Resou rces 
Counc il  1978 ) .  Mor e  s ig n i f icant than the increase wil l 
be the geog r aph ic r ed istr ibut ion of the populat ion . 
Dur ing the past decade when the u.s. populat ion ( exclu s iv e  
o f  Alaska and Hawa i i ) g rew by 11  percent , there were major 
popu lat ion shifts among reg ions (Table 3-3 ) . Several 
Nor theast s tates actually lost populat ion , and othe rs 
ga ined only marg inally . The Nor thern Pla ins , Cor n  Belt , 
a nd Lake S tates g rew a t  rates well be low the national 
average . Mounta in , Pac i f ic ,  and Southeast states 
susta ined large populat ion increases , with Cal i forn ia , 
Texas , and Flor ida account ing for 4 0  percent of the ne t 
populat ion g rowth between 1970  and 1980 . 

S ince 1970 , nonmetropolitan areas have g rown mor e 
r apid ly than metropoli tan areas , r ever s ing one of the 
nat ion ' s  long-establ ished populat ion trends . The 
popu lat ion of the standard metropolitan stat istical areas 
( SMSAs ) increased by 0 . 8  percent annually between 19 7 0  
a nd 1 9 7 8 , whereas the nonmetropolitan populat ion increased 
by 1 . 3  percent annually (U . S .  Depar tment of Commerce , 
Bureau of the Census 198 0 ) . The nonmetropoli tan count ies 
c losest to c i ties grew more r apidly in both the 1960s  and 
t he 1970s , whereas the more remote count ies , with longer 
commut ing distances , grew more s lowly . Such trends 
i nd icate that par t of the nonmetropoli tan populat ion 
growth is due to metropol itan development beyond the 
o f f ic ial  SMSA boundar ies . However ,  s i nce 1970 the gap in 
g rowth r ates between the d i f ferent nonmetropo l i tan 
c ategor ies has narrowed . Even those count ies far removed 
f r om c i t ies are now g rowing mor e  r apidly than metropolitan 
a r eas or  the nat ion as a whole . 

The continuat ion of such a trend is l i kely to caus e 
t he conver s ion of s ig n i f icant amounts of pr ime 
ag r icultural land to nonagr icultural uses and result i n  
t he convers ion o f  r angeland , pasture ,  and forest land to 
c r opland or the increased use of marg inal land for 
p roduc ing agr icultural products . Such convers ions , in 
turn , dr ive up the cos t of ag r icultural land and st imulat e 
more intens ive use of ex ist ing farmland , includ ing 
g reater  use of chemicals and water to sustain product ion . 
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TABLE 3-3  u . s .  Populat ion by Reg ion i n  1970  and 
1980 

Percent 
1 9 8 0  1 9 7 0  Change 

Pac i f ic 

Wash ing ton 4 , 1 3 0 , 1 6 3  3 , 4 1 3 , 2 4 4  2 1 . 0  
Oregon 2 , 6 3 2 , 66 3  2 , 0 9 1 , 5 3 3  2 5 . 9  

Ca l i fo r n i a  2 3 , 6 68 , 5 6 2  1 9 , 9 7 1 , 06 9  1 8 . 5  

Total (ave r age ) 3 0 , 4 3 1 , 3 8 8  2 5 , 4 7 5 , 8 4 6  ( 19 . 5 ) 

Mounta i n  

I daho 9 4 3 , 9 3 5  7 1 3 , 0 1 5  3 2 . 4  
Montana 7 8 6 , 6 9 0  6 9 4 , 4 0 9  1 3 . 3  
Wyoming 4 70 , 8 1 6  3 3 2 , 4 1 6  4 1 . 6  
Utah 1 ,  461 , 0 3 7  1 , 0 5 9 , 2 7 3  3 7 . 9  
Co lor ado 2 , 8 8 8 , 8 3 4  2 , 2 0 9 , 5 9 6  3 0 . 7  
Nevada 7 9 9 , 1 8 4  4 8 8 , 7 3 8  6 3 . 5 
Ar i zona 2 , 7 1 7 , 8 6 6  1 , 7 7 5 , 3 99 5 3 . 1  
New Me x i co 1 , 2 9 9 , 9 6 8  1 , 0 1 7 , 0 5 5  27 . 8  

Total ( aver age ) 1 1 , 3 6 8 , 3 3 0  8 , 2 8 9 , 9 0 1  ( 3 7 . 1 )  

Nor the r n  P l a i n s  

Nor th Dakota 6 5 2 , 6 9 5  6 1 7 , 7 9 2  5 . 6  

South Dakota 6 9 0 , 1 7 8  6 6 6 , 2 5 7  3 . 6  

Nebraska 1 , 5 7 0 , 0 0 6  1 , 48 5 , 3 3 3  5 . 7  

Kansas 2 , 3 6 3 , 20 8  2 , 2 4 9 , 0 7 1  5 . 1  

Total ( aver age ) 5 , 2 7 6 , 0 8 7  5 , 0 1 8 , 4 5 3  ( 5 . 1 )  

Sou the r n  P l a i n s  
O k lahoma 3 , 0 2 5 , 2 6 6  2 , 5 59 , 4 6 3  1 8 . 2  
Te xas 1 4 , 2 2 8 , 38 3  1 1 , 1 9 8 , 6 5 5  2 7 . 1  

Tota l ( average ) 1 7 , 2 5 3 , 6 49 1 3 , 7 5 8 , 1 1 8  ( 25 . 4 )  

Lake States 

M i nnesota 4 , 0 7 7 , 1 4 8  3 , 8 0 6 , 10 3  5 . 1  

W i scon s i n  4 , 7 0 5 , 3 3 5  4 , 41 7 , 8 2 1  6 . 5 

M i ch igan 9 , 2 5 8 , 3 4 4  8 , 8 8 1 , 8 2 6  4 . 2  

Total ( aver age ) 1 8 , 0 40 , 8 2 7  1 7 , 1 0 5 , 7 5 0  ( 5 . 5 ) 

Cor n  Be l t  

Iowa 2 , 9 1 3 , 3 8 7  2 , 8 2 5 , 3 6 8  3 . 1  

I l l ino i s  1 1 , 4 1 8 , 461  1 1 , 1 1 0 , 2 8 5  2 . 8  
Ind iana 5 , 4 9 0 , 17 9  5 , 1 9 5 , 3 9 2  5 . 7  

Oh io 1 0 , 7 9 7 , 4 1 9  10 , 6 5 7 , 4 2 3  1 . 3  

M i ssou r i  4 , 9 1 7 , 4 4 4  4 , 6 7 7 , 6 2 3  5 . 1  
Total ( ave r age ) 3 5 , 5 3 6 , 89 0  3 4 , 4 66 , 0 91 ( 3 . 1 )  

Delta States 

Lou i s iana 4 , 2 0 3 , 9 7 2  3 , 6 4 4 , 6 3 7  1 5 . 3  
M i s s i s s ipp i  2 , 5 2 0 , 6 3 8  2 , 2 1 6 , 9 9 4  1 3 . 7  
Ar kansas 2 , 2 5 8 , 5 1 3  1 , 9 1 3 , 3 2 2  1 8 . 8 

Total ( aver age ) 8 , 9 8 3 , 1 2 3  7 , 7 7 4 , 95 3  ( 1 5 . 5 )  
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TABLE 3-3 (cont inued ) 

Pe r ce n t  

1980 1 9 7 0  Change 

Nor theas t 
Ma ine 1 , 1 2 4 , 6 6 0  9 9 3 , 7 2 2  1 3 . 2  
Ve rmon t 5 1 1 , 4 5 6  4 4 4 , 7 3 2  1 5 . 0  
New Hamps h i r e  9 2 0 , 6 1 0  7 3 7 , 6 8 1  2 4 . 8  
Connec ticut 3 , 1 0 7 , 5 7 6  3 , 0 3 2 ,  2 1 7  2 . 5 
Massachusetts 5 , 7 3 7 , 0 37 5 , 6 8 9 , 1 7 0  0 . 8 
Rhode I s l and 9 47 , 1 5 4  9 49 , 7 2 3  -0 . 3  
New Yor k  1 7 , 5 5 7 , 2 8 8  1 8 , 2 4 1 , 3 9 1  - 3 . 8  
New Jer sey 7 , 3 6 4 , 1 5 8  7 , 1 7 1 , 11 2  2 . 7  
Pennsylvan ia 1 1 , 86 6 , 7 2 8  1 1 , 80 0 , 7 6 6  0 . 6  
Delawa r e  5 9 5 , 2 2 5  548 , 1 0 4  8 . 6  

Maryland 4 , 2 1 6 , 4 4 6  3 , 9 2 3 , 8 9 7  7 . 5  
Wes t V i r g i n i a  1 , 9 4 9 , 6 4 4  1 , 7 4 4 , 2 3 7  1 1 . 8  
D i s t r ict o f  

Columb ia 6 3 7 , 6 5 1  7 5 6 , 6 6 8  -1 5 . 7  
Total (average ) 5 6 , 5 3 5 , 6 3 3  5 6 , 0 3 3 , 4 2 0  ( 0 . 89 )  

Appalach ian 
Kentucky 3 , 6 61 , 4 3 3  3 , 2 2 0 , 7 1 1  1 3 . 7  
Tennessee 4 , 5 9 0 , 7 5 0  3 , 9 26 , 0 1 8  1 6 . 9  
V i r g i n i a  5 , 3 46 , 2 79 4 , 6 5 1 , 4 4 8  1 4 . 9  
No r t h  Carol ina 5 , 8 7 4 , 4 2 9  5 , 0 8 4 , 41 1  1 5 . 5  

Total ( aver age ) 1 9 , 47 2 , 8 9 1  1 6 , 8 8 2 , 5 8 8  ( 1 5 . 3 )  

Southea s t  

South Ca rol ina 3 , 1 1 9 , 2 0 8  2 , 5 90 , 7 1 3  2 0 . 4  
Alabama 3 , 89 0 , 0 6 1  ) , 4 4 4 , 3 5 4  1 2 . 9  
Geor g i a  5 , 4 6 4 , 2 6 5 4 , 5 8 7 , 9 3 0  1 9 . 1  
Flor ida 9 , 7 3 9 , 99 2  6 , 7 91 , 41 8  4 3 . 4 

Total ( aver ag e )  2 2 , 21 3 , 5 2 6  1 7 , 4 1 4 , 4 1 5  ( 2 7 . 6 )  

SOURCE : u . s .  Depa r tme n t  o f  Comme r ce , Bu r eau o f  the Census 1 9 8 1 . 

ECONOMIC TRENDS AND THEIR IMPLICATIONS FOR 
DEMAND AND SUPPLY OF U . S . AGRICULTURAL PRODUCTS 

The pr imary economic trend s  in agr icultural production 
a r e  r e lated to the large inc rease in cap ital requ i red to 
engage in moder n  technolog ically based agr iculture . Thes e 
i ncreased requ i rements r eflec t ( 1 )  g reater r eliance on 
pu rchased inputs such as chemicals and mach inery , ( 2 ) 
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r i s in9 land values , and ( 3 ) relat ive chan9es in ener9 y 
pr ices . 

D ur in9 the past 30  year s ,  the impor tance of capital to 
farm product ion has increased s i9 n i f icantly ( F igure 
3 - 1 ) . A9r icultural producers have increased the i r  
expend i tures for mach inery and chem icals to max imi z e  
r e turns and to r educe uncer tainty . In  doin9 so , they 
have become vulne rable to f luc tuat ions in the pr ices o f  
these increas in9 ly impor tant capital expenses . Today , 
farme r s  mu st bor row heavi ly to meet the lar9e annua l 
r equ i r ements for cash . When the pr ices of the items 
needed for product ion that are purchased off the farm 
r i se more r apidly than the pr ices r ece ived for the 
products--as has been the case dur i n9 the r ecent pe r iod 
o f  h i9h inflat ion--more and mor e farmers  become 
f i nanc ially stressed . I f  inf lat ion cont inues , th e 
f inanc ial v iabi l i ty of many farmers will  become 
pr ecar ious . The ava i labi l ity and cos t of cap i tal  ar e 
now , and will  cont inue to be , an impor tant factor in 
determin in9 the leve l of supply of u . s .  a9r icu ltu r a l  
p roduc ts . 

PE RCENT 
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1 950 1 960 1 970 1 980 
FIGURE 3-1 Resources used in 
farmin9 , 1950-1980 . SOURCE : USDA , 
Economics , Sta t i s t ics , and 
Cooperat ives Serv ice 1 9 7 9c . 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


2 7  

The pe r hectare value o f  farmland r ema ined r easonably 
s table unt i l  the mid-19 6 0 s , but it has i nc reased 
d r amat ically s ince the ea r ly 1 9 7 0 s  ( F igu r e  3 -2 ) . Some o f  
t h i s  i ncr ease i s  due to inflat ion , includ ing speculat ion 
by develope r s  pay ing h igh pr ices for res ident ial or 
i ndus tr i a l  s i tes . I t also r e f lects the d r ive by farme r s  
t o  expand the i r  operat ions t o  ma intain present incomes . 
H ig h  land pr ices a r e  pr eventing many wou ld-be farmer s  
f r om purchas ing land s i nce they cannot pay for a n  ent i r e 
f arm f rom the agr icultural operat ion . Entry into 
Ame r ican ag r iculture is not guar anteed , if it eve r was , 
and the t r ad i t iona l pass ing of a farm from gene rat ion to 
generat ion with i n  a fam i ly i s  becoming inc r eas ingly 
d i f f icult because of inher i tance taxes . The present 
t r end of leas ing farmland is l i kely to cont i nue , and th i s  
m ay inf luence land use patterns , product ion dec i s ions , 
and output levels , wh ich , i n  turn , can af fec t  the qua l i t y 
o f land and water resources . 

Two of the mos t impor tant economic fac tor s shap ing the 
future of Ame r ican ag r iculture a r e  the supply and the 
p r ice of ene rgy . Ris ing energy pr ices boos t produc t ion 
cos t s  and nar row prof i t  ma rg ins 1 they influence what 
c rops are g rown , as wel l  as how , where , and when they are 
produced . 

S ince the mid-197 0 s , fuel cos t per hec tare has doubled 
for near ly all commod i t ies . The cos t of fue l has 
i ncreased by near ly 5 0  percent as a share of farmer ' s  
var iable cos ts . Some expe r ts for esee a dec l ine in the 

300 

200 

1 00  

1 120 1 130 1 MO 1 150 1 150 1 170 
FIGURE 3-2 Index of u . s .  farm real estate value . 
SOURCE : USDA , Economics , Sta t i s t ics , and Cooperat ive s 
S erv ice 1979c . 
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u s e  o f  fos s i l  fuels . Ther e  i s  ev idence that land 
p reparat ion prac t ices ( plowing and cult ivating )  are be ing 
mod i f ied to reduce fuel consumpt ion . New product ion 
p r act ices w i l l  l i kely r equ i r e  energy , though less per 
hectare than present prac t ice s . The total energy 
consumpt ion for ag r icultur e , however , may r i se as total 
output r i ses to mee t new demand s . H igh energy pr ice s 
h ave a lready affected the economics of i r r ig a t ion 
throughout the Un i ted States . Unle s s  commod i ty pr ice s 
i nc r ease to compensate for h igher energy costs , ground
water use may be l imi ted in cer ta i n  r eg ions , depend ing on 
how much water must be l i f ted . It  i s  proj ec ted that 
deep-we l l  pump ing and supplementa l i r r igat ion w i l l  become 
r estr ic ted to h ig h-value crops J supplemental i r r igat ion 
in r eg ion s such as the Cor n Belt w i l l  continue to be 
p rof i table . H igher energy costs are also s t imulat ing 
change s in i r r igat ion prac t ices . More energy- and 
water -conserv ing sys tems , such as d r ip i r r igat ion and 
low-pressure mob ile systems , are be ing used . 

A future trend , the d irect ion and impac t of which are 
s t i l l  i n  d i spute , is the deg r ee to wh ich subs t i tutes for 
fos s i l  fue ls will come from ag r icultural products . 
Cu r rent fede r a l  pol icy subs id i zes the product ion of 
e thanol , and th i s  cou ld lead to a compe t i t ion for grain 
be tween expo r ter s and buyer s  for domestic use . Th i s  
compe t i t ion increases the demand for land to g row corn . 
I f  deregulat ion of dome s t ic o i l  and natu r a l  gas increase s 
s uppl ies and s tab i l i zes pr ices , it seems unl i kely that 
ethanol produc t ion w i l l  incr ease . Even w i th cont inued 
moderate increases in fos s i l  fuel pr ices , i t  seems 
un l i kely that the product ion of fuels from ag r icultur a l  
p roducts w i l l  i nc r ease s ig n i f icantly . Conve r s ion o f  some 
g r a in , crop res idue , or b iomas s  to fue l w i l l  probably 
con t i nue to supplement on-farm energy need s and may 
pa r t ially subst i tute for other fuels on a reg iona l basis . 

The r i s ing cos t of tr anspo r t ion may lead to changes in 
the locat ion of product ion for some commod i t ies . Bu lky 
c rops w i th toler ance for a broad r ang e of natural 
cond it ions ( e . g . , potatoe s  and apples ) a r e  already be ing 
p roduced in larger quant i t ies c loser to consume r mar kets . 
Some be l ieve those s h i f t s  w i l l  inc rease i f  energy pr ice s 
con t inue to r i se . Ris ing ene rgy costs and the r e sult ing 
h igh costs of tr anspor t ing food w i l l  be a s t imu lus for 
g r eater reg ional independence . At the same t ime , i f  
g r eater r e l iance o n  integ r a ted farming systems emerges , 
s uch as intercropp ing w i th legumes to restor e soi l  
n i t rogen , feed ing c rop res idue s t o  l ive s toc k , and 
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employ ing less chemically intensive pes t  managemen t 
s t ra teg ies , could also lead to g reater d iver s i f icat ion of 
ag r icultu r a l  operat ions . If d iver s i f icat ion r eg ionally 
a nd on i nd iv idual farms evolves , g reater d iver s i ty for 
f i sh and wi ldl ife habitats would result .  

STRUCTURAL I SSUES I N  U . S .  AGRICULTURE 
AFFECTING LAND USE AND MANAGEMENT PRACTICE S 

T h e  mos t  impor tant s t r uctural changes ta k i ng place i n  
u . s .  agr icu lture inc lude a continued reduct ion in th e 
total number of farms , an i ncrease i n  ave r age farm s i ze , 
and change s i n  the pattern of farm owne r sh i p .  

S i nce 1 9 3 5  the absolute number of farms h a s  declined 
by about one th i rd . In 1 9 3 5 , 8 6  pe rcen t of all farms had 
f ewer than 8 9  ha ( 2 2 0  acres ) J by 1974 th i s  f igure had 
decreased to 7 0  percent . L i kewise , in 1 9 3 5  only 1 . 3  
p e rcent of a l l  farms were larger than 4 0 5  ha ( 10 0 0  acres ) J 
by 1 9 7 4  5 . 4  percent of all fa rms exceeded 4 0 5  ha ( USDA , 
Economics , S tat i s t ic s , and Cooperatives Serv ice 198 0 ) . 

Project ions ind icate that the total numbe r of farms 
w i l l  dec l ine by near ly 4 0  percent between 1974 and 2 0 0 0  
( Table 3 -4 ) . Th i s  decl ine would be even greater i f  the 

TABLE 3-4 Mos t  L i ke ly P ro j ec t ion o f  the N umbe r of Farms 
by S i ze of Farm ( thousand s  of farms ) 

Actual 
S i z e  o f  Farm 1 9 7 4  1 9 8 5  1 99 0  1 9 9 5  2 0 0 0  

Fewe r than 4 0  ha 1 35 7  1 0 9 6  9 9 0  8 9 5  8 2 7  

( le s s  than 1 0 0  acre s )  
4 0-88 ha 6 5 0  4 7 6  4 0 4  3 4 6  3 0 2  

( 10 0 - 2 1 9  a c r e s ) 

8 9 - 2 0 2  ha 5 0 2  3 8 7  3 39 2 9 6  2 6 4  

( 2 20 - 4 9 9  a c re s )  

2 0 3-4 0 4  ha 2 1 1  2 0 2  1 9 3  1 8 7  1 8 3  

( 50 0 - 9 9 9  acre s )  

4 0 5 - 8 0 9  ha 9 3  9 7  9 8  1 0 0  1 0 2  

( 1 0 00-1999 acre s )  

8 1 0  h a  and over 6 2  6 5  6 6  6 7  7 1  

( 20 0 0  ac r e s  and ove r )  

Al l f a rms 2 8 7 5  2 3 2 3  2 0 9 0  1 891 1 7 4 9  

SOURCE : Adapted f rom USDA , Econom i c s , S ta t i s t ics , and Coope r a t ives 
S e r v ice 1 9 8 0 .  
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def i n i t ion of a farm as a u n i t  hav ing sales of more tha n 
$ 1 0 0 0  i s  employed . By the year 2 0 0 0 , small farms , def ined 
as those having fewer than 8 9  ha ( 2 2 0  ac res ) , w i l l  dec l i n e  
s l ightly t o  make u p  6 5  percent of a l l  farms , and large 
farms , hav ing more than 405 ha ( 10 0 0  ac r es ) , will inc r ea s e 
to make up almos t 10 percent of all farms . 

I f  these proj ec t ions a r e  real i z ed ,  small fa rms an d 
l arge agr icultural enterpr ises w i l l  dominate in the 
future . By 2 0 0 0 , it is est imated that the 5 0 , 0 0 0  larges t 
f a rms , approx imately 3 percent of the 1 . 7 5 m i l l ion farms , 
w i l l  produce about two th i rd s  of the ag r icultu r a l  products 
and the larges t 1 m i l l ion farms , approx imately 5 7  per cent 
of a l l  fa rms in that year , w i l l  produce a lmost a l l  the 
agr icultural products ( USDA ,  Economics , S tat i s t ics , and 
Coope r a t i ves Se rv ice 198 0 ) . 

The declin ing numbe r s  but r e lat ively s table percentage 
of farms of less than 40 ha ( 10 0  ac r e s ) proj ec ted 
i nd icates that a numbe r of people w i l l  choose to l ive in 
r u r a l  ag r icultu r a l  setting s  and farm par t-t ime to 
s upplement other i ncome . Although these farm units are 
proj ected to continue to make up about 47 pe rcent of all 
f a rms , they will not produce a s ig n i f icant propor t ion of 
the tota l output and w i l l  not produce the types of 
commod i t ies that w i l l  enter the expor t trade . 

By the year 2 0 0 0 , mos t  commerc i a l  farms w i l l  s t i l l  be 
owned by fam i l ies , although the present tr end toward 
incorporat ion of the fami ly farm for tax advantage s and 
e ase of bequeathment is l i kely to cont inue . Howeve r ,  the 
tr end s and proj ec t ions ind icate tha t inc r eas i ng farm s i z e 
t ends to result in more par t-owner s h ip ( Table 3 -5 ) . 
Whe r ea s  ove r 5 0  percent of fa rms w i th sales of $100 , 0 0 0  
and more wer e  par t-owned i n  1 9 7 4 , proj ec t ions are that 
more than 70 percent of such farms will be par t-owned i n 
t he year 2 0 0 0 . On the other hand , the trend for farms 
w i th sales of les s than $100 , 0 0 0  is increasing towar d 
full-owne r sh ip by the year 2 0 0.0 . Expans ion of ex ist ing 
larger ag r icu ltural un its i s  l i ke ly to involve the 
leas ing , r ather than the purchase , of add it ional land . 

The asset balance of farme r s  w i l l  be af fected by the 
c ont inued incr ease in land values . Farm real estate now 
accounts fo r nea r ly 7 5  percent of all farm assets , and 
t he value of r eal estate per farm has increased by a 
fac tor of mor e  than 4 0  in the pas t  3 5  year s ,  r e f lec t i ng 
both increas ing farm s i ze and r i s ing land values . Th i s  
s h i f t  in the asset balance h a s  prov ided a base fo r 
add i t ional bor row ing for both shor t- and long-term 
pu rposes . H igh-technology ag r iculture r e ly ing on 
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TABLE 3-5 Tenure Struc tur e by Sales Class ( percentage ) 

Les s  S 20 , 0 0 0  Sl O O , OOO 
than to and All 
S 2 0 , o o o  $99 , 9 9 9  Ove r Fa rms 

Ful l  owne r s  

1 9 6 4  6 1 . 8  3 1 . 5  3 4 . 2 5 7 . 9  
1 96 9  6 9 . 4  3 5 . 1  3 5 . 3  6 2 . 5 
1 9 7 4  7 4 . 3  3 9 . 3  2 9 . 3 6 1 . 5  
2 0 0 0  9 3 . 0  5 9 . 0  1 6 . 0  6 3 . 0  

Pa r t  owne r s  
1 96 4  2 1 . 7  5 0 . 3  5 1 . 6  2 4 . 9  
1 969 2 6 . 9  4 7 . 8  5 1 . 4  24 . 6  
1 9 7 4  1 6 . 6  4 4 . 8  5 7 . 2  2 7 . 2  
2 0 0 0  4 . 0  2 8 . 0  7 2 . 0  30 . 0  

Tenants 

1 96 4  1 6 . 5  1 8 . 1  1 4 . 1  1 7 . 2  
1 9 6 9  1 7 . 1  1 7 . 1  1 3 . 3 1 2 . 9  
1 9 7 4  9 . 1  1 5 . 9 1 3 . 5  1 1 . 3  
2 0 0 0  3 . 0  1 2 . 0  1 2 . 0  7 . 0  

SOURCE : USDA , Economics , S t a t i s t ics , and Coope r a t ives Se r v ice 1 9 7 9c .  

purchased inputs can cont inue , and fur the r inve s tments i n  
land improvement and capital equ ipment can be made only 
if cap i ta l  is ava i lable . W i th cap i tal , mor e  land can be 
d r a i ned , supplemental i r r igat ion developed , and new and 
more eff ic ient mach inery employed . On the other hand , 
h igh i nterest r ates cou ld serve as a deter rent to 
bor row i ng , shor ten the acceptable paybac k per iod fo r any 
c ap i tal expend i ture , and slow the adopt ion of new 
technology . 

Cont inu ing inc r eases in the average level of educat ion 
of ag r icultural producer s  shou ld speed acceptance and 
a ppl icat ion of new sc ient i f ic and technolog ical 
i n format ion , includ ing prac t ices that may help to conserve 
r esources as wel l  as be economically e f f ic ient . Such 
owne r sh i p  forms as incorpor at ion to fac i l i tate the 
t r ansfer of a farm between generat ions cou ld encour age a 
more fars ighted per spect ive in the stewardship of land 
a nd water r esources . 
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U . S .  PUBLIC POLICY I SSUE S 
A FFECTING LAND USE AND MANAGEMENT PRACTICES 

Ag r iculture in the future w i l l  be a f fected by a broader 
a r r ay of public pol icies than in the pas t .  A s  exports 
inc r ease , the inf luence on ag r iculture of both u . s .  and 
foreign pol icies a f fec t ing internat ional trade w i l l  
i ncrease . The g r eater amounts of cap i ta l  necessary t o  
f inance agr icultural product ion w i l l  make monetary and 
f i scal pol icy mor e  impor tan t  to ag r iculture . Farmer s '  
dec i s ions w i l l  be influenced by other nonag r icultural 
domestic policies i n  such areas a s  env ironmental 
p rotect ion and occupat ional safety and health . Domest ic 
pol ic ies d i rectly bene f i t ing agr iculture have been , and 
w i ll r ema i n , impor tant , though the i r  future w i l l  be 
influenced by re lat ive pol i t ical strength , chang ing 
values , and the r e lat ive impor tance of ag r iculture in the 
na t iona l economy . 

Current cultural pract ices w i l l  continue to preva i l  
unt i l  ava i lable technology ( e . g . , no- t i l l  ag r iculture an d 
d r ip i r r igat ion )  becomes economically prof i table to adopt 
or unt i l  new , economically viable technology i s  deve loped 
( e . g . , new seed var iet ies , g r eater photosynthe t ic 

e f f ic iency in plants , n i trogen- f ix ing capab i l i ty i n  
nonleguminou s plants , growth reg ulator s ,  and pes t  and 
d i sease control systems ) . The major shor t-term chang e 
most l i ke ly to occur w i ll be a change in ind ividual farm 
and reg ional cropping patterns , pr imar i ly i n  response to 
f luctuat ions i n  product and factor pr ices and secondar i ly 
in response to conce rns about soi l  use , water u se , and 
i ncome s tabi l i ty .  Governmental pol icy , includ ing the 
ava i labi l i ty of c r ed i t  and levels of research 
expend i ture , can a f fec t the r ates at which innovat ive 
pr act ices are adopted and new technolog ies a r e  developed . 

Ag r icultural product ion in the Un i ted S tates w i l l  
con t i nue t o  b e  influenced b y  the r i s ing impor tance of 
expor t mar kets and hence the dome s t ic pol ic ies of for e ign 
countr ies . Most proj ect ion s  of internat iona l trend s 
s uggest an i nc r eased internat iona l demand for u . s .  

ag r icultural exports . The government ' s  use o f  exports t o  
h e lp meet balance o f  payments def ic its result ing from 
dependence on for eign energy sources continues to 
encourage incr eased agr icultural output . As mor e products 
enter internat iona l mar kets , the instab i l i ty of those 
markets , t ied as they are to the domestic polic ies of 
for e ign nat ions , w i l l  be felt in u . s . mar kets . Th i s  may 
foster g r eater pr ice var iabi l i ty for ag r icultural 
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products , par t icular ly those impor tant i n  the expor t 
t r ade . 

S i nce 1940 , ag r icultural impor ts , measured in dollar s ,  
have incr eased near ly twelve fold and the ag r icultural 
por t ion of total u.s . imports has declined stead i ly .  
Dur ing the same per iod , ag r icultu r a l  exports increased b y  
e ightyfold ( USDA 1 9 8 0 ) . Thus , today , u.s. ag r iculture 
not only supplies a much larger por t ion of domest ic 
n eeds , but i t  also makes a large contr ibut ion to u.s .  
expor t trade . Because of its increasing contr i but ion t o  
t he economy , pressures for t h e  ma intenance or expans ion 
of ag r iculture product ion for expor t mar kets will 
c on t i nue . 

Governmen tal pol ic ies on ag r icultural exports will 
a f fect how much i s  sold abroad i n  the futur e . A policy 
that emphas i zes feed ing a g rowing wor ld populat ion w i l l  
encour age more and more crop produc t ion . O n  the othe r 
h and , a pol icy that uses food and f iber as tools in the 
conduct of fore ign pol icy ( e . g . , g r a i n  embargoes , trade 
agreements , and impor t restr i c t ions ) may lead to a 
decl ine in exports in the future because of unce r ta inty 
o n  the par t  of the buyer about the Un i ted S tates as a 
s uppl ier . Although food can be a powe r f u l  tool in 
c onduct ing internat ional relat ions , i t  has not heretofore 
been employed extens ively a s  such . Two recen t except ion s 
were the g r a i n  embargo aga inst the U . S . S . R .  and the 
w i thhold ing of food a id to Poland . The Un ited State s 
v iews the Agr icultural Trade Deve lopment and Ass i stance 
Ac t of 1 9 5 4 , as amended (PL 4 80 ) , as a surplus d i sposa l 
p rog r am ,  not as a food a id prog r am .  Th i s  view could 
c hange , however , if  there wer e to be a mas s ive wo r ld crop 
f a i lu r e  result ing i n  starvat ion . 

Gove r nmental po l ic ies on interest rates and cap i ta l 
a va i lab i l i ty w i l l  a f fec t the number of hec tares farmed , 
c r opping patterns , product ion pract ices , adopt ion of new 
t echnology , replacement of equ ipment and structures , farm 
s i ze ,  and even the r ate at wh ich industry deve lops new 
t echnology and mater ials needed by ag r iculture to meet 
g r owing demands eff ic iently and effec t i vely . 

Env i ronmental polic ies , too , w i l l  a ffec t  agr icultural 
ou tput and land u se . At present , some ag r icu ltural 
c hemicals a r e  banned or restr ic ted . Although there are a 
large number of chemicals ava i lable , the need for new and 
d i f ferent chemicals to control pests and weeds , s t imu late 
g r owth , and a id in harvesting is growing , but r egulatory 
con s t r a ints and costs have impeded the i r  deve lopment . 
Wi thou t eff icac iou s chemicals to control spec i f ic insec t 
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pests and unwanted plant spec ies , mo r e  land would b e 
needed to ma intain present levels of output . Concerns 
for the qua l i ty of land and wate r resources can be 
e xpec ted over t ime to lead to new publ ic pol icies des igned 
to r educe soi l  losses and the r unof f of fer t i l izer and 
p e s t ic ide r e s idues that can have both harmful and 
bene f i c i a l  ef fects on nonag r icultural act ivities . 

A var iety of public s ubs id ies or expend itures , such as 
pr ice suppor ts , techn ical a s s i stance for dra inage or 
cons truc t ion of smal l  impoundments , loan guar antees , and 
constr uc t ion of i r r igat ion proj ects , cur r ently a s s i s t  the 
agr icultural sector . In coming year s , ag r iculture i s  
expec ted t o  fare reasonably we l l  unde r Amer ican dome s t i c  
pol ic ies . Although there are l i kely t o  b e  fewer farmers 
i n  the yea r s  ahead , the pol i t ical strength of the farm 
s ec tor is not expec ted to d imini sh . I ts streng th w i l l  be 
ma inta i ned because the demand for farm products w i l l  
r ema in s trong , the need for dome s t ic pr ice stab i l i ty will 
continue , and many powe r f u l  bus ines s  i nterests will 
continue to share obj ect ives with the farm sector . I t  is 
expec ted that farme r s  and the i r  pol i t ical allies will 
press for pol icies tha t w i l l  ma intain adequate farm i ncome 
i n  the fac e  of r i s ing product ion cost s  and uncer tain 
p r ices . For example , pr ice protec t ion for maj or expor t 
commod i ties w i l l  be sought , s i nce f luc tuation s  in expor t 
d emands subj ect domest ic pr ices to greater potential 
va r i at ion . Lac k of pr ice s tabi l i ty cou ld result in large r 
f luctuat ions in amount of land cropped from year to year , 
par t icular ly the mor e marg inal lands . Lac k of pr ice 
s upport prog r ams could also encour ag e  g reater 
d iver s i f icat ion a s  farme r s  attempt to protec t the i r 
i ncomes from excess ive f luctuat ions and r i s k . 

Large expend itures of publ ic fund s  for wate r 
d evelopments with subs id ies for i r r igat ion character i st ic 
of the pas t  may be less popu lar i n  the futur e .  Yet , a s  
populat ion dens i ty cont inues t o  s h i f t  westward and 
southwestward , compet i t ion for wate r between those 
need ing i t  for nonag r icultur al uses and those need ing i t  
f o r  ag r icultural use s w i l l  increase . Publ ic pol icy w i l l  
emphas i z e  water development and conservat ion , but 
ag r iculture w i l l  be i ncrea s i ng ly pressed i n  the long r u n  
to pay a l a r g e r  propor t ion of the b i l l  for t h e  water i t 
d r aws from publ ic proj ec ts . 

I n  the future , pol ic ies on techn ical and f inanc ial 
a s s i s tance to operator s may be mor e  c losely t ied to 
r esou rce-conserving pract ices . Areas of par t icular 
concern a r e  soi l  eros ion and the r unof f  of fer t i l i zer s 
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and othe r chemicals into waterways , the off-farm d i sposa l 
o f  was tes , and the burn ing of crop r e s idues . Farme r s  
w i l l  have t o  rema i n  sen s i t ive t o  t h e  impacts of the i r  
a c t i v i t ies o n  othe r s . 

Dome s t ic pol ic ies also w i l l  affec t  the future of 
publ icly held noncrop ag r icultu r a l  land . For example , 
t he l eve l s  of future produc t ion from public rangeland and 
forests w i l l  be d i r ectly af fected by the amounts of money 
a ppropr iated under the terms of the Resources P lann ing 
Ac t of 1974  (PL 93-378 ) ,  wh ich prov ide s for improv ing the 
p r oduc t i v i ty of these resources . 

The re a r e  seve ral viewpoints as to how deve lopment and 
p roduct ion obj ec t ives and env i ronmental protect ion can be 
accommodated . Some be l ieve that the d i f ference s w i l l  
become more severe and w i l l  b e  resolved b y  s ing le- interest 
po l i t ical or legal dec i s ions more often than by relianc e 
on economic or b iolog ical analyses and negot iat ion . 
Othe r s  bel i eve that con f l icts w i l l  become less intens e 
and that resolut ions w i l l  be r eached more eas i ly .  A 
t h i rd v iew i s  also emerg ing : that i ncreased produc t io n 
a nd env i ronmental enhancement are not mutually exclus ive 
and that both can be achieved with the prope r set of 
c oord inated publ ic pol ic ies . 

Future ag r icultural pol ic ies w i l l  be influenced by 
p ublic r ecog n i t ion of oppor tun i t ies for mult iple u se of 
na tural resou rces , concern about the stewardship of 
p ublic and pr ivate resources , and chang ing values toward 
the fam i ly farm . Amer icans have become aware that 
e f f ic ienc ies from new ag r icultural technolog ies result ing 
i n  increased s i ze and i ncreases in produc t i v i ty per far m 
e mployee coming from large cap i tal inve s tments have 
pe rmanently changed the str ucture of Amer ican ag r iculture . 

As the publ ic becomes more concerned about the 
a l locat ion of land and the enhancement and protect ion o f  
t h e  natural resource base , land use plann ing w i l l  gain 
momentum . These new i s sues w i l l  result in new pol icy 
d i r ec t ions . 

TRENDS IN SC I ENCE AND TEX:HNOLOGY AND THEIR 
IMPLICATIONS FOR U . S .  AGRICULTURE 

D evelopments in sc ience and technology have always been 
an impor tant force in increas ing product i v i ty . Improve
ments in agr icultural technology over the last 50 years 
have resulted in impress ive g a ins in food and f i ber 
y ie ld s ,  dramat ic increases in the deployment of cap ital 
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equ ipment ,  and a sharp dec l ine in d i rect labor requ i r e 
ments . Most exper ts , wh i le cont inu ing to be opt imist ic 
about the poss i b i l i t ies for continued improvements in th e 
e f f ic iency and product iv i ty of Amer ican agr iculture , share 
the v iew that • satisfactory • futu r e  g rowth of product ivity 
i n  agr iculture cannot be taken for g r anted . The NRC ' s  
Board on Ag r iculture and Renewable Resources has held th i s  
pos i t ion for some t ime . Desp i te cont inued debate ove r 
quest ions of produc t i v i ty measurement , ev idence f rom a 
v a r i e ty of sou rces ind icates that the r ate of 
produc t i v i ty g rowth has s lowed , with the average r ate pe r  
year for this past decade be ing approx imately 1 . 2  percent 
( Far rell 1 9 8 1 )  contrasted to an ave r age of 1 . 8 5 percent 
over the previous two decades . Wi thout continued 
increase s in produc t i v i ty ,  increa s i ng amounts of land 
w i l l  be r equ i red to meet inc r eased demand . 

Ag r icultural research and extens ion expend i tures ar e 
c r uc ial to con t inued produc t i v i ty g rowth . The real 
growth r ate of research and extens ion dol lar s from 1 9 3 9 
to 1 9 7 2  was 3 percent per year , but s ince 1 9 7 2  the real 
g rowth r ate has been e i the r zero or negat i ve . With a 
z ero g rowth r ate for r e search expend itures , the g rowth 
r ate in ag r icultu r a l  produc t i v i ty between 1 9 8 0  and 2 0 0 0  
would b e  approx imately 1 percent per year ( USDA , 
Economics , Stat i s t ic s  and Cooperat ives Serv ice 19 7 9 b ) . 
I f r eal r esearch and extens ion expend itures g rew at a 
real rate of 7 percent per year , an annual g rowth rate o f  
1 . 2 percent cou id b e  ma intained . 

There a r e  promis ing prospects . Gene t ic eng ineer ing to 
ach ieve g r eater plant e f f ic iency and to breed plants w i th 
i ncr eased r e s i s tance to env ironmental stresses , d i seases , 
pests , and tox ic chemicals can g reatly enhance 
product i v i ty .  Cu r r ent research is also focu s i ng o n  
i mproving produc t i v i ty by increas ing the photosynthe t ic 
eff ic iency of plants , but maj or break throughs are not ye t 
on t he hor i zon . Research on t he enhancement of soi l 
fer t i l i ty th roug h the deve lopment of n i trogen-f ixing 
p lants cont inues to show great promise . Increas ing the 
number of mu lt iple b i r ths in l ivestock will enhance the 
e f f ic iency of meat and milk produc t ion . It i s  hoped that 
economical ways will be deve loped to help continue to 
c lose the gaps be tween exper imental and average y ields . 

Often over looked i s  the fact that many past sc ient i f i c  
a c h ievemen ts have depended d i rec t ly on the un inte r r upted 
ava i lab i l i ty and low cost of fos s i l  fuels , espec ially 
natural gas and o i l . The technology that evolved dur ing 
an e r a  of dec l i n ing real energy pr ice s i s  now be ing 
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r eevaluated i n  a new context . The rea l cos t of energy 
r e sou rces mus t  be taken i nto account in plann ing for the 

�uture . 
Energy costs are s t imula t i ng sc ience and technology to 

look for ways in wh ich energy input can be reduced and 
g r eater eff ic iency of the resources employed can be 
ach ieved . For example , use of equ ipment that improve s 
t he speed and prec i s ion w i th wh ich farming operat ions can 
be accompl ished ( laser-leve l ing equ ipment )  is becoming 
more widespr ead , as are prac t ices to obta in prec i se 
appl icat ions of chemicals . Equ ipment that incorpor ate s 
several operat ions to reduce t i llage and the number of 
cult ivat ion passes i s  in use . These trend s  are expected 
to cont inue . Fur thermore , technology that emphas i zes 
concepts of •organic farming • --such as the use of weed 
r e s idues and conservat ion t i llage systems to reduce 
inputs and enhance total crop productivity-- i s  l i ke ly t o  
r e sult from h igher energy pr ices and a cont inued 
commitment to protect ion of the environment .  

• Integ rated farming systems • are becoming more 
w idespread and prof i table a s  concerns for the environmen t 
s pr ead and energy cos ts r i se .  The use of legumes for 
n i trogen replacement is l i kely to increase , e i the r 
t hrough intercropp ing or as w inter cover s .  Also , crop 
res idue s are be ing used by l i vestock for feed , and 
• nutr ien t •  cycl ing is be i ng r e i ntroduced on i nd ividual 
farms . 

I f  farms increase in s i ze ,  tractor s may , too . 
Ef f ic iency per u n i t  of output and per hec tare wi l l  b e  
sought ,  and • appropr i ate technology • to meet t h i s  goal i s  
l i k e ly t o  r e s u l t  in the u s e  of a g reater d iver s i ty of 
equ ipment as wel l  as new types of mechani z ed harvest 
equ ipment , the g r eatest expans ion coming in the 
h arvest ing of per i shable commod i t ies . 

Electron ics w i l l  play a g r eater role in farming i n  
h e lping to i ncrease the prec i s ion , and thus the 
eff iciency , of operat ions . Remote sensing devices , 
on- farm computer -controlled feed operat ions , and 
microproces sor s to mon i tor and regulate energy and wate r 
u se are poss ible appl icat ions . 

Sc ient i f ic research and technolog ica l deve lopment ca n 
i mprove crop and l ivestock produc t iv i ty , par t icular ly by 
increas ing the e f f ic iency with wh ich resources a r e  
conver ted into food , f i be r , wood products , and industrial 
commod i t ies . Substantial ga ins i n  productiv i ty could 
lead to a decreased need for ag r icultural land s , but this 
will depend heav i ly on research fund ing , inter nat iona l 
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produc t ion and t r ade cond it ions , dome s t i c  energy pr ice s 
r elat ive to commod ity pr ices , and other polic ies re lated 
to use of natu r a l  resources . Wi thout such gains , i t  i s  
probable that more land w i l l  have to be cult ivated to 
ma inta i n  cur rent level s  of output . The pol i t ical , 
soc i a l , and economic a spec ts s hould be cons idered in 
order to prov ide the incent ives for the management of 
soil a nd water on a susta ined bas i s  for meet ing domestic 
food needs and expo r t  demand . 

REGIONAL DI FFERENCES AND CONSTRAINTS 

Cl imat ic factor s ,  water ava i labi l i ty ,  soi l type , wate r 
use , and land use shape ag r icultural trend s on a r eg ional 
leve l . 

No c lear ly def ined tr ends i n  c l imat ic var i ab i l i ty have 
been ident i f ied yet within major ag r icultural areas . The 
amount of atmospher ic carbon d iox ide i s  i ncreas ing , and 
althoug h i t s  future impact on c l imate i s  s t i l l  uncer tain , 
i ts potential impacts are tr emendous . A r i se in wor ld 
temperature of only a few deg r ees Cels ius could r educ e 
polar ice , r a i s ing sea levels and inundating coastal 
reg ions , increas ing evapor at ion , creating or expand ing 
deser t s , and r educ ing r iver f lows . Ra infall patterns 
will a lso be af fected . On the othe r hand , a wor ld 
warm i ng would leng then growing seasons and enable 
ag r icu lture to expand into a r eas now locked in permafrost . 
Ac id r a i n  cur rently i s  a problem in certain areas ( F ig ure 
3-3 ) , and the increas ing use of coa l will add more 
oxid i zed n i trogen and sulfur to the atmosphe re , caus ing 
more ac id r a i n  i n  the Nor thwest , Nor theast , and East , and 
i n  i solated areas e lsewher e .  The adverse ef fects of ac id 
r a i n  on la kes and wetland s  are d i scussed in Chapter s 9 
and 1 0 . 

A t tempts to alter the ef fects of c l imate on ag r iculture 
will certainly cont inue . For example , plastic mulches 
and controlled environments w i ll be used to mod i fy 
temper a tur e . Cloud seed ing may be effect ive reg iona lly , 
but i t  i s  d i f f icult to control prec i sely where the water 
wi l l  f a l l , and the concom i tant r a i n  shadows a r e  
detr imental t o  ag r iculture downwind . 

I n gene r a l , pr ec ip i tat ion i s  a g reate r cons t r a in t  i n  
the We s t  than i n  the East and Sou theast . (A map showing 
ave r ag e  annual prec ipi tat ion can be found in u . s .  Wate r 
Resou r c e s  Counc i l  ( 19 7 8 ) . )  Tempe rature i s  a g r eater 
con s t r a i n t  i n  the Nor th , where i t  l imits the leng th o f  
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the g row ing season , than i n  the South . So i l  d i fference s 
among r eg ions a r e  also impor tant . The deep , fer t i le 
so i l s  of the Midwest and Plains are more product ive fo r 
maj or commod it ies than are shallow , sandy alkal ine , ac id ,  
o r  sal ine soi l s  elsewhere , wh ich may requ i r e  large inputs 
of fe r t i l izers or other chem icals . 

Water use and water ava i lab i l i ty constr a i n 
a g r icultural product ion in several reg ions . Crops grown 
in areas that a r e  marg inally product ive are more 
vulner able to adverse c l imat ic e f fec ts , espec ially 
drough t .  The impor tance of supplemental i r r igat ion i n  
s uch areas may encourage fur ther mult ipurpose deve lopment 
of water resources . 

Land use dec i s ions can also act as reg iona l constra ints 
upon ag r iculture . Urban i z a t ion and subu r ban i zat ion wi l l  
continue t o  break u p  ag r icultural areas and remove land 
from produc t ion . G iven the d i f ferent migrat ion rates i n  
t h e  Uni ted S tates , d i f ferent r eg ional cons traints on the 
ava i lab i l i ty of land for fur ther ag r icu ltural deve lopmen t  
a r e  l i kely .  Recreat ional uses would also reduce the 
ava i labi l ity of some land s for ag r iculture . 

Agr icultural pract ices c u r r ently in use reg iona lly and 
by ind iv idual crop and l ivestoc k  enterpr i ses set the 
pattern for future changes . Exi s t ing capital equ ipment-
mach inery , i r r igat ion sys tems , and othe r equ ipment-- i s  a 
s ubs tantial dete r r ent to change , par t icula r ly when the 
salvag e or cur rent va lue dec l i nes as new technology 
becomes ava i lable . Farme r s  w i l l  keep ex i s t ing equ ipment 
and i r r igated sys tems unt i l  it pay s to change and unt i l 
more e f f ic ient new machinery and sys tems become ava i lable . 

Const r a ints will be imposed on future food and f i ber 
p r oduct ion by resources other than energy . T ime i s  one 
such r e source . I f  adequate t ime is not ava i lable for 
solv ing problems or for deve lop ing new technology , 
product ion capac i ty may decrease . For example , i t take s 
an average of 10 yea r s  to deve lop a new crop var iety . An 
adequate lead t ime mus t  be al lowed for i n  a r apidly 
c hang ing and h ighly uncertain econom ic environment i f  the 
pr ematu r e  obsolescence of cap i tal stoc k  and other 
u nacceptable social and economic costs are to be avo ided . 

THE NATURE OF CHANGE 

Future changes in ag r icultural pract ices , as we l l  as i n  
t h e  level and the locat ion of ag r icultural act i v i ty , a r e  
l i kely to proceed in d ivergent d i rections . For example , 
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increases i n  spec iali zed ag r icultu r e  may occur a t  th e 
s ame t ime that ag r iculture i s  becoming more d iver s i f ied 
on a r eg ional bas i s . Ag r icultural product ion nea r larg e 
metropoli tan areas could become mor e  d ivers i f ied , 
e spec ially i f  energy pr ices s t imulate some produc tion o f  
s easonal commod i t ies c lose to the consuming ar eas . Some 
an imals could be r a i sed near consumpt ion center s i f  
c hang ing cropping patterns increase feed supplies 
local ly . Th i s  developmen t could reduce the need to sh i p  
cer ta in types o f  l ivestock t o  g iven r eg ions--for example , 
por k to the Nor thwest . Renewed inte r e s t  i n  crop 
r otat ion , intercropp ing , and double c ropp ing will lead to 
g r e ate r d iver s i f icat ion but more i ntens ive land use a s  
wel l .  Other forces w i l l  promote monoculture i n  some 
r eg ions . An example of the potential inc r eases i n  
s pe c i a l i z a t ion i s  the trend toward fewer and larger 
h igh-technology da i r y  farms . I n  th i s  case , as in other s , 
t he h ig h cos t of control measures for environmental 
protec t ion favor s large farms . 

The pred ict ion of future changes in agr iculture i s  
d i f f icult under any c i rcumstances , but uncertainty ove r 
f u ture energy pr ices adds to the complex i ty .  Two 
pe r spect ives have evolved r egard ing tr end s in farm s i z e  
a nd i nput i n  r esponse to h igher energy pr ices . P roponents 
of one argue that farm s i z e  and mechani z at ion will 
c on t i nue to i nc rease and that cap i tal w i l l  cont inue to be 
subst ituted for labor . Supporter s of the other ma inta i n  
t ha t  ag r iculture w i l l  become mor e  labor intens ive and 
d ive r s i f ied , with l i ttle or no increase in s i ze of farm s 
a nd mach i nery . More research i s  needed i f  these 
per spect ives are to be r econc i led . 

DI SCONTINUITY IN TRENDS 

Tre nd s  in land use and product ion prac t ices l i kely t o  
r esult from these economic , poli t ical , and soc ial forces 
can be ident i f ied . But the assumpt ions under lying thes e 
t r ends may be inval idated . Major economic or pol i t ical 
changes could have ser iou s  e f fects on the futu r e  of 
a g r iculture . For example , ser ious inte r r upt ions in 
fos s i l  fuel suppl ies at any t ime could sharply alte r  th e 
l eve l s  of input of petroleum-based chemicals and output 
o f  food and f iber . Should food become a str a teg ic too l 
i n  i n ternational pol icy on the par t of the Uni ted S tates 
or any other major produc ing or cons uming reg ion , the 
i mpac ts on trends in an imal ag r iculture could be g reat 
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and unpred ictable . Finally , wo r ld conf l ic t  would s o  
total ly alter the dome s t ic demand for agr icultural 
products and the structure of wor ld trade that any 
a ttempt to ident i fy trends would be f r u i tless . 

AGRICULTURAL TRENDS I NFORMATION DATA 

I n  the Committee ' s  v iew , the Nat iona l Agr icultural Lands 
Study (Counc i l  on Envi ronmenta l Qua l i ty 19 8 1 )  i s  the bes t  
s ource of information on ag r icultural tr ends to date . 
Other re lated references that deal w i th trends inc lude 
Resources and Env i ronmental Impacts of Agr iculture in the 
Un i ted S tates (C rosson and Br ubaker 198 2 ) , The Nat ion ' s  
Water Re sources : 19 75-2000  ( U . S .  Water Resou rces Counc i l 
1 97 8 ) , So i l  and Water Resources Conservat ion Act ( U . S .  
Depar tment of Ag r iculture 1981 ) , An Assessmen t of th e 
For est and Range Land S i tuat ion in the Un i ted S tates 
( USDA , Forest Serv ice 198 0 ) , W i ld l i fe and Amer ica ( Brokaw 
19 7 8 ) , and Fa rmland or Was teland ( Sampson 1 9 8 1 ) . 
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4 
Trends in the Use of Land and Water 

How land i s  used and the avai labi l i ty and qual i ty o f  
water have d irect impacts o n  f ish and w i ld l i fe habitats . 
Cur rent land and water management practices have both 
pos i t ive and negat ive impacts on f ish and w i ld l i fe 
habitats . The interre lationships of ag r icultura l 
practices with water quali ty and quantity are d i scussed 
in var ious chapter s  of th i s  repor t .  It is impor tant to 
note that food produc tion does not requ i re the sacr i f ice 
of other resource values such as f ish and wi ld l i fe 
habitats . Agr iculture cont inues to have a respons ibility 
to maintain the qual ity of f i sh and w i ld l ife habitats . 
Th i s  chapter examines the trends in land and water use 
that are the most l i kely to affect f ish and wi ldl ife 
habitats . Append ix A summa r i zes by geog raph ic r eg ions 
the major trends in  ag r. icultural land use identif ied by 
the Commi ttee . 

THE LAND , SOIL , AND WATER BASE 

The extent and use of Amer ica ' s land base are por traye d 
i n  F igure 4 -1 .  Over two thirds of the total land in  the 
Un ited States is in nonfederal owne r sh ip . Of thi s , ove r 
9 0  percent is  used for agr icultural purposes . Of the 
fede ral land , about two thirds is used for agr iculture 
and i s  a lmost exclus ively rangeland and forest land . 
There i s  more nonfederal than federal rangeland and 
forest land in spite of the extens ive federal hold ings i n  
the Wes t  ( see Figure 4 -2 for a def i n i t ion of geog r aph ic 
r eg ions ) .  Nonfederal lands are d ivided into three maj or 
use categor ies--cropland , rangeland , and forest land--eac h 
of  wh ich offers potential w i ldlife habitat . Over one half 
of the cropland is located in  the North Centr a l  reg ion , 
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NORTH CENTRAL NORTHEAST 

FIGURE 4-2 Census reg ion s and farm product ion r eg ions . 
SOURCE : Adapted from Counc i l  on Envi ronmental Quality 
1981 . 

ove r one half of the r angeland is  located in the West , 
and about 4 0  percent of the forest land i s  located in th e 
South . The nature of the hab itat ava i lable for f ish and 
w i ldl ife thus var ies reg iona lly . 

Ag r icultural land use has always been dynamic , with 
uses chang ing in response to pr ices , the v ic i s s i tudes of 
c l imate , and landowner prefer ences . For example , between 
1967  and 19 7 5 , 30 m i l l ion ha of cropland was conver ted to 
o ther uses , wh i le near ly 20 m i l l ion ha of land in other 
uses was conver ted to cropland {Table 4 - 1 ) . Thus wh i le 
there was more than a 10-mill ion-ha net reduct ion in 
cropland , the land use on near ly 5 0  m i l l ion ha changed • 
S uch s h i f ts in land use from one purpose to another a ffect 
w i ldl ife and can be expected to continue in the future . 

Those so ils  su i table for cult ivat ion in the Uni ted 
States are relat ively f ixed in terms of tota l area . 
H ighly product ive soi ls are widespread in the North 
Central r eg ion {par t icular ly i n  the Cor n Be lt ) and th e 
South , though there are h ighly product ive so i l s  in all 
pa rts of the Un i ted States { F igure 4 -3 ) . Soils of 
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TABLE 4 - 1  Agr icultural Land Shifted I nto and Out of 
Cropland , by Se lected Census Reg ions , 1967-19 7 5  
( m i l l ion hectares )  

Sh i f t  Wes t  Nor th Central South Nor theast 

Ou t  o f  
c ropland 4 . 6  l l . S  1 1 . 2  2 . 8  

Into cropland 3 . 3  7 . 6  7 . 3  l . S  
Total hectares 

s h i f ted 7 . 9  1 9 . 1  1 8 . 5  4 . 3  
Ne t s h i ft out 

o f  c r opland 1 . 3  3 . 9  3 . 9  1 . 3  

Total 

3 0 . 0  
19 . 7  

4 9 . 7  

10 . 3  

NOTE : Figures do not sum cor rectly because of conver s ion to metr ic 
u n i t s . SOURCE : Adapted from Counc i l  on Envi rorusental Qual i ty 1 9 8 1 . 

mar g i nal  s u i tabi l i ty for cropland are d istr ibuted f a i r ly 
equ a l ly across the nat ion ( 10 to 13 percent of the total 
area in each reg ion ) with the except ion of the Southeast 
and Lake States (23 percent i n  each ) . Soi ls unsui table 
for c u lt ivat ion occur nat ionwide , but mos t frequently i n  
the East and West . Soi ls uns u i table for cult ivat ion a r e  
o f  ma rg ina l  suitabi l i ty at best  for wildl ife . S im i la r ly , 
the most product ive lands--those in demand as cropland-
hold the g reatest potential  for deve lopment as wi ld l i f e  
ha b i t ats . 

A s  Table 4 - 2  ind icates , there are reg ional d i f ferences 
in both quant ity and type of sur face water ava i lable i n  
the Uni ted States . Although sur face waters are more 
scar c e  i n  the Wes t  and Southwest than in the South and 
East  and small water areas are less abundant than large 
water areas nat ionwide , each reg ion has potent ially 
adequate sur face water to provide habi tats for a var i ety 
of f is h  and aquat ic w i ld l i fe . The i r  usefulness as 
hab i tats  cannot be f inally determ ined , however , unt i l  
other  factors such as temper ature , sal i n i ty , pH , 
tur b id i ty ,  f low rate , depth , bottom compos it ion , and 
assoc i ated vegetat ion are cons idered . 

TRENDS IN LAND AND WATER USE 

Tre nds in land and water use are categor i zed by maj o r  
land u s e  type : c ropland , forage land , and pasture land 7 
rang e land J forest land J and wetlands and aquatic areas . 
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FIGURE 4-3 Percentages o f  so i l  i n  soi l  capab i l i ty 
c lasses I -VI I I , by farm product ion reg ion . SOURCE : US�� 
19 8 la . 

Cropland , Forage Land , and Pasture land 

The tota l land area cult ivated for crops in the Un ited 
S tates dec l i ned between the end of the 1 9 3 0 s  and the 
m id�l9 7 0 s , bu t total farm produc t i v i ty ove r th i s  per iod 
i ncr�ased by near ly 100 percent . These g a ins have been 
attr ibuted to new technology , which subs t i tuted othe r 
i nppts such as fer t i l i zers , new plant br eeds , and water 
for land . A sharply expand i ng g r a i n  and soybean expor t 
marlt.et in the 1 9 7 0 s rever sed t h i s  near ly 4 0 -year tr end of 
dec l i n ing cropland use ( Table 4 -3 ) . 

�ardless of whether or not the total amount of 
CfQP��d cont inue s to increase , changes in land use wi l l  
�pnt ipue to occur . New l�nd w i l l  be brought into 
ag f: �.c;ultu r a l  product ion to ,r eplace cropland los t  to 
u c t:>�n i z a t ion , and reg i.onal ·

s h i fts in land use w i l l  tak• 
place in response to econamic forces . The Nat ional 
Agr icultural Lands S tudy (Counc i l  on Env i ronmental 
Qual ity 1 9 8 1 )  est imate s that ove r 1 m i l l ion ha of Pr ime 
agr icultural f armland is taken out of ag r icultural 
product ion each year � However ,  much more than th i s  i e  
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TABLE 4-2  water Areas o f  the United S tates by Type , 
Reg ion ,  and Subreg ion ( thousand hectares )  

I n land Waters Great Lake s ,  

Coa s t a l  Water s , 

Sma l l  Bays , and 

Area sb 

Total Tot a l  

Estua r i e s  

Northeast 

Nor th Centra l 

water 

Area 

4 ,  7 1 5  

Nor the r n  P la i n s  1 , 3 5 0  

L a k e  States 1 5 , 5 5 8  

C o r n  B e l t  2 ,  3 2 1  

Tot a l  19 , 2 2 8  

Sout h  

Appalach ian 

Sou t heast 

D e l ta S tates 

Sout he r n  P l a i ns 

Tot a l  

West 
Mou nta i n  

Pac i f i c  
Total 

TOTAL 

2 , 4 1 2  

3 , 0 3 0  

2 , 1 1 1  

1 , 9 7 8  

9 , 5 3 2  

2 , 39 7  

2 , 1 1 4  
4 , 5 1 1  

U n i ted S tates 3 7 , 986 

I nland 

Wate r 

2 , 06 8  

1 , 3 5 0  

2 , 3 8 7  
9 7 1  

4 , 7 0 8  

2 , 0 2 1  

2 , 3 8 8  

1 , 7 0 4  

1 , 9 5 7  

8 , 0 7 0  

2 , 3 9 7  

1 , 4 6 3  
3 , 86 0  

Large 

Area sa 

1 , 7 6 5  3 0 2  2 , 6 4 7  

9 7 6  3 7 4  0 

2 , 06 2  3 2 5  13 , 17 1  
5 7 2  3 9 9  1 , 3 5 0  

3 , 6 10 1 , 0 9 8  14 , 5 2 0  

l ,  7 2 6  2 9 5  

1 , 89 9  4 8 9  

1 , 3 3 9  3 6 5  

1 , 6 7 7  2 8 0  

6 , 6 4 0  1 , 4 2 9  

2 , 1 5 0  
1 , 2 6 8  
3 , 4 19 

2 4 7  

1 9 5  
4 4 2  

3 9 1  

6 4 2 

4 0 7  

2 1  

1 , 4 6 2  

0 

6 5 1  
6 5 1  

1 8 , 7 0 5  1 5 , 4 3 4  3 , 2 7 1  19 , 2 8 1  

a R iver 1 / 5  km w ide and water ove r 16 h a .  
bs tr e ams less than 1 / 5  k m  and water less than 16 h a .  

NOTE : F ig u r e s  d o  not sum cor r ec t ly because of conve r s ion t o  me tr i c 
u n i t s . SOURCE : Adapted f rom USDA , Forest Serv ice 1 9 8 0 , pages 2 6 - 2 7 . 

requ i r ed each year to offset the loss s ince the land 
be ing subs t ituted generally is of lesser qua l i ty . The 
amoun t  of ava i lable land of suff icient quality to suppor t  
economical produc t ion i s , however , l imited . About 5 0  
million ha can b e  identif ied as hav ing h igh o r  medium 
potent ial for conver s ion to c ropland ( Table 4 -4 ) . Of 
th i s , 41 million ha , or 82  percent , is i n  the Nor th 
Centr a l  r eg ion and the South :  18 million is cur rently in 
pas tu r e , 1 1  million i s  i n  forests , and 10  million i s  in 
rangeland . The other 9 m i l l ion ha i s  mostly in rangeland 
and pasture in the W�st .  If these land s  are conver ted to 
c ropland , there w i ll be substantial changes in the amounts 
and cha r ac ter of wi ldl ife habitats . From 1967  to 197 5 ,  
23  m i l l ion acres of agr icultural land was conver ted to 
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TABLE 4-3 Trends i n  u . s .  Cropland Area (mill ions 
of hec tares)  

Yea r Cropland 

1 9 1 0  1 3 4  
1 9 2 0  1 4 9  
1 9 3 0  1 5 5  
1 9 4 0  1 4 9  
1 9 5 0  1 5 3  
1 9 5 9  1 4 5  
1 9 6 9  1 3 5  
1 9 7 4  1 4 6  
1 9 7 7  1 5 2a 

&Repor ted in Counc i l  on Env i ronmental Qua l i ty 1 981 , p .  6 .  

SOURCE : USDA 1 98lb , Table 6 0 2  (excludes idle cropland and 
c ropland i n  forage and pasture ) .  

nonag r icultur a l  uses . About 7 0  percent of this land was 
conver ted to urban and transportat ion uses , and 30 percen t 
to man-made reservoi rs , lakes , and other water- impound ing 
fac i l i ties . Of the average annual conver s ion of 3 mi ll ion 
acres , 6 7 5 , 0 0 0  acres was from cropland J 5 3 7 , 0 0 0  acres was 
from range and pastures 1 8 2 5 , 00 0  acres was from forest 
l and , and 8 7 5 , 0 00  acres was from other land uses (Counc il 
on Env ironmental Qual ity 19 8 1 ) . 

The uncer ta int ies l i kely to influence the amount of 
cropland needed in the future are numerous and make 
pred ict ion d i f f icult . For example , i f  the pr ice of 
energy continues to incr ease , i r r igat ion water could 
become prohibit ively expens ive , par t icularly in the West , 
necess itat ing increases in cropland area to ma inta in 
output leve ls . If populat ion continues i ts westward and 
southwestward shift , compet ing demands for the l imited 
water ava ilable could make water for agr icultur al uses 
more expens ive or unava i lable and again result in 
i ncreases in  cropland in other areas . If the demand for 
wood and wood products increases , pr ices will  r i se and 
c ur rent trends to conver t forests to cropland could 
d iminish . Whethe r or not the demands for expor t o f  
agr icultural products r emains s trong i s  a funct ion not 
on ly of populat ion and economic g rowth but also of 
a t t i tudes and pol i t ics of the governments in  the impor ting 
reg ions toward se lf-suffic iency . Expor t leve l s  are 
heav i ly inf luenced by domestic farm pol icy as well as by 
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TABLE 4 - 4  Use of Agr icultural Lands i n  1977  and Potential Conve r s ion to C ropland 
by Source and Reg ion , Exc lud ing Hawa i i  and Alaska (mill ions of hectares ) 

To tal 
Reg ional Total 
Potent ial Cur rent Poten t i a l  

Pasture Rangeland For est Othe r COnve r s ion Cro21and Cro2land 

Wes t  
Cur rent 5 . 1  9 2 . 8  2 5 . 6  0 . 6  26 . 6  
Potential 1 . 6  5 . 7  0 . 4  0 . 1  7 . 9  34 . 6 

Nor th Cen t ral 
Cu r rent 1 6 . 8 2 8 . 8  2 8 . 0  2 . 9  9 2 . 5 
Potential 7 . 6  5 . 1  2 . 8  0 . 8  1 6 . 3  1 0 8 . 8 Ill 

1-' 
South 

Cur rent 2 9 . 4 4 6 . 0 7 3 . 5  0 . 8  4 1 . 1  
Potent ial 10 . 8  4 . 9  8 . 3  0 . 3  2 4 . 3  6 5 . 4 

Nor theast 
Cu r rent 2 . 3  2 5 . 2  0 . 6 6 . 8  
Poten t i a l  0 . 8  0 . 9  0 . 2  1 . 9 8 . 7  

TOTAL 
Un i ted S ta tes 

Cu r r ent 5 3 . 7  1 6 7 . 5  1 5 2 . 3 4 . 9  1 6 7 . 1  
Potent ial 20 . 8  1 5 . 7  1 2 . 5  1 . 4  5 0 . 4  217 . 5 

NOTE : Figures may not sum cor rectly because of conver s ion to met r ic un i ts . SOURCE : Counc i l  on 

Env i ronmental Qua l i ty 1 9 8 1 , and USDA 1980 . 
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for e ign pol icy . The leve l o f  agr icultural researc h 
d irectly affects productivity and the amount of cropland 
needed . The leve l of domestic demand is inf luenced by 
the s tate of the economy , wh ich is inf luenced in par t  by 
monetary and spend ing policie s . 

After cons ider ing these uncer tainties as wel l  as other 
proj ections and research , the Commi ttee concluded that i f  
expo r t  demand cont inues a t  the h igh levels o f  the pas t  
decade , i f  current patterns of exports , commod i t ies , and 
i mpor ting countr ies preva i l ,  and if the g rowth rate of 
ag r icultur a l  productivity r emains at present levels , an 
i ncrease in total cropland of between 10  and lS percent 
( 1 6  to 24 mill ion ha ) can be expected by 2010 . The 
Commi ttee considers th is to be an upper bound , g iven the 
nature of the assumptions on wh ich it is based . I t  
r epresents a convers ion of about two th i rds of the land 
currently class if ied as having h igh or med ium potent i a l  
for convers ion t o  cropland . 

An i ncrease in cropland area i s  l i kely to occur in all 
reg ions of the Un ited State s  with the exception of the 
Nor theast . Almost 50 percent of the land with med ium and 
h igh potential for convers ion is in the South . Conver s ion 
of that land could as much as double the area now in 
crops i n  the South , g iven the potent ial for convers ion i n  
that r eg ion . Expans ion of cropland in th i s  area would 
mean that a substant ial amount of forest and pastureland 
would be lost , and in the Delta States it wou ld probably 
mean the d r a i n ing of more wetland s . 

In some areas , land currently in pasture cou ld be 
conver ted to cropland . Conve rs ion from fores t to pastur e 
m ay a lso be expected if  h igh  feed grain pr ices make i t  
more prof i table to produce l ivestock from pasture tha n 
f rom g rain feed . Of course , the net return per hectare 
f rom l ivestock grazed would have to be g reater than that 
f rom forest products . 

The amount of pasture land i s  expected to inc rease 
nationally to feed add i tional numbers of dairy and bee f 
c attle and sheep . Permanent pasture in the Southeast , 
De lta States , and the seaboard states of the Appalach i a n  
r eg ion has not been fully exploi ted for bee f product ion . 
To achieve the full potential would requ ir e  more 
fer t i l i zer , use of improved forage cult ivar s ,  and improved 
management . In general , conver s ion to pastureland f rom 
other uses will  be economically feasible in reg ions with 
more ra infall and longer graz ing seasons s ince these ar e 
a reas that can susta in heav ier u se by l ivestock . 
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T h e  amount o f  land in forage i $  not expected to decl ine 
s i nce forage crops are an impor tant par t of the rotat ion 
scheme on many farms . Forage lands could increase to 
mee t  demands for l ivestoc k  feedstuffs or as par t of mor e 
intens ive effor ts to control erosion . Economic forces 
aione , however , are not l ikely to cause the expansion o f  
l ands devoted to forage . 

Rangeland 

From 1 9 6 7  to 1977 , near ly 14 million ha of rangeland , or 
7 percent of all lands class i f ied as nonfederal rangeland , 
was lost to water improvements and to urban expans ion--an 
irrevers i ble loss of almost 1 . 4  m i l l ion ha per year ( USDA 
1 9 8 0 ) . Grassland and shrub land are the bas ic vegetat ive 
type s of rangeland , together compos ing about 90 percent 
of a l l  rangeland . Chaparral and pinyon-j un iper ecotypes 
const itute the other 10 percent (Table 4-5 ) . These two 
major ecotypes , g rassland and shrub land , do not occur 
even ly throughout the Un ited States . Grassland tends to 
dominate the range in the more mes ic East and Nor thern 
Pla i ns , whi le shrub land i s  more frequent i n  the mor e 
xer ic West and Southwest . The Mountain r eg ion of the 
Wes t  is the most important range land area of the country , 
contain ing near ly half of all g rassland and about 6 0  
percent of all  r angeland . 

The potential for convers ion of r angeland to cropland 
i s  influenced by , among other factors ,  the owner ship o f  
t h e  r angeland . Over h a l f  the r angeland in the Mountain 
reg ion and nea r ly 70 percent of the.  rangeland in the 
Pac i f ic r eg ion are federally owned 1 thus these lands are 
unl i kely cand idate• for large-scale conver s ion to 
c ropland . In the Nor thern P lains , 9 5  percent of rangeland 
i s  pr ivately owned , and thi s , coupled with mor e favorabl e 
c l imatic cond i t ions , increases the poss i b i l i ty of 
conver s ion of range lands to other uses in the futur e . 

Both r ange land to cropland and c ropland to rangeland 
conver s ion will  occur . Wher e  underground water become s 
too expens ive to pump for i r r igat ion , land will  probably 
reve r t  to rangeland . However , where pr ec ipitation i s  
suff ic ient o r  water can be obtained from sur face or 
underground sources at reasonable cost , conver s ion to 
cropland w i ll occur . The Nor thern P la ins i s  the most 
likely area to exper ience conver s ion from rangeland to 
c ropland , but convers ions of lesser magnitude also could 
occur in the South and Nor th Central r eg ions . 
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TABLE 4-5 Rangeland in the Contiguous S tates by Ecosystem and Reg ion , 1976 ( 100 0  hectares)  

Total  Percent Percent Other Percent 
Range- Gr ass- of Shrub of Forest of 
land land Total Landa Total Land Tota l  

Nor theast 5 9  59  100  
Nor th Centr a l  3 1 , 52 7  3 1 , 5 2 4  10 0 1 2 

Northern P la ins 3 9 , 85 9  3 0 , 856 100 1 2 
South 4 2 , 14 0  2 2 , 7 7 4  5 4  19 , 366  46  

Southe rn P la ins 40 , 83 4  2 1 , 46 8  53  19 , 36 6  47  U1 
... 

Wes t  189 , 4 67  6 4 , 0 8 3  3 4  99 , 9 7 9  5 3  2 5 , 4 06  1 3 
Mountain  154 , 6 68  54 , 06 7  3 5  80 , 3 4 7  5 2  20 , 2 54 13 
Pac i f ic 3 4 , 80 0  10 , 0 16 2 9  19 , 6 3 1  56  5 , 152  1 5  

TOTAL of all  
cont iguous 
s tates 2 6 3 , 195 118 , 4 4 1  4 5  119 , 346  4 5  2 5 , 4 0 8  1 0  

achapar ral mountain shrub and pinyon- j un iper . 

SOURCE : Adapted f rom USDA , Forest Serv ice 1980 , Table 2 . 8 .  
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G iven the increasing popu lation and i ts resu ltan t 
i nc reas i ng demand for meat and the i ncreased expo r t  
demand for feed g rains , the demand for range land for 
l ives tock g raz ing will  probably increase sharply . Demand 
for graz ing land in the cont iguous 4 8  s tates has been 
e s t imated to i nc rease by about 30  percent above the 1976 
level by 1990 and by over S O  percent by 2 0 3 0  ( USDA, 
For e s t  Service 198 0 ) . These proj ections assume 
trad i t ional patte rns of g raz ing and constant leve l s  o f  
p roductivity .  However ,  this ant ic ipated demand for 
g r a z ing land far exceed s the capabi l i ty of cur ren t 
r ange land . Th i s  will  lead to mor e  intens ive use of 
rangeland . Since conve r s ions of rangeland to c ropland 
must come f rom the pr ivately owned 60  percent , the 
pressure will  be on public rangeland to increase 
l ives tock produc t ion .  

P roj ect ions ind icate that about 2 4  m i l l ion h a  of 
range land will  be los t to other uses such as crop an d 
pas ture land by 2 0 3 0 . Of th i s ,  only about 16 m i l l ion ha 
of nonfederal r angeland has h igh to med ium potent ial  for 
conve r s ion to cropland , and of that only about 6 0 0 , 00 0  ha 
appear s to be in the h ighly produc tive land classes . 

Economic pressures will  cont inue to lead to the 
consol idat ion of rangeland hold ing s  into larger and 
l arger units , par t icular ly in areas of low prec ip i tat ion . 
Th i s  process i s  complicated by the fact that the land 
r e sources used in l ivestock r anch ing in the West are 
composed of both publicly and pr ivate ly owned lands , and 
therefore consol idat ions are usually subj ec t to public 
pol ic ies r egard ing terms of transfer and intensity of use . 

Explorat ion for and mining of mineral and energy 
resources on rangeland may locally reduce land ava i labl e 
for g raz ing l ivestock , plac ing greater demands on the 
rema in ing land . Rangeland is also used for recreat iona l 
activit ies ( e . g . , h i k ing , trai l  r id ing , hunting , and 
of f-road veh icle use) . The demand for these uses i s  
i ncreas ing , fur ther r estr icting the oppor tun i t ies for 
ranchers to i ntens i fy the use of federal r angeland fo r 
l ives tock and prov id ing incent ives for us ing pr ivate 
rangeland less intens ively for l ivestock graz ing in favo r 
of other uses . 

Forest Land 

Nonf eder a l  forest land has been decreas ing s ince 1 9 5 2  a s  
for e s t s  a r e  conver ted to cropland , pasture land , and urban 
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uses . Between 19 67 and 197 5 , 1 4  percent o f  forest land 
was conver ted to pastureland and rangeland , 2 percent to 
cropland , 2 pereent to wate r and urban use , and 3 percent 
to other uses , for a total loss of about 20  percent . Some 
conver s ions to forest land occur red dur ing th i s  per iod ,  
so that the result was a net loss in forest land of about 
15 percent .  Future proj ect ions call for a con t inuation 
of past decl ines in forests at least through the 1980s , 
with total forest area stab i l i z ing thereafter . 

A var iety of factors will influence whether forests 
will be retained in the future . Forests are l ikely to 
decline in a reas where g raz ing and cropping are more 
prof itable , where forests are in pr edominately pr ivate 
ownership , and where oppor tun i t ies are l imited for 
increas in9 income through improved forest management . I n  
other wotde , the n e t  r e turn p e r  acre w i l l  largely 
determine whether forests are maintained or conver ted to 
other uses . The g reatest potent ial for convers ion of 
forest to cropland and othe r uses i s  in the South ,  wh ich 
conta ins about 35 percent of all the forests in the lower 
cont iguous Un ited States J over 9 0  percent of southern 
forests are in pr ivate owner sh ip ( Table 4 -6 ) . 

Natural forest types vary by reg ion ( Table 4-7 ) , wit h  
h ardwood spec ies dominat ing in the Nor theast ,  Nor th 
Central , and South reg ions and softwood and other spec ie s 
( chaparral and pinyon-j uniper ) dominat ing in the West .  
I t  i s  pr imar ily i n  reg ions other than the Wes t  that 1 5  
m i l l ion h a  o f  h igh and med ium potential ag r icultural 
soils is cur rently occupied by forests . Nearly half o f  

TABLE 4-6 Total Federal and Nonfederal Forest Land in  
the Contiguous 48  States by Reg ion and Ownersh ip 
( 1000 hec tare s )  

Total Percent Percent 
Forest of of 
Land Feder a l  Total Non fede ral Tota l  

Nor theas t  2 8 , 9 2 7  9 2 2  3 2 8 , 0 0 5  9 7  
Nor th Cen t r a l  3 3 , 8 8 2  4 , 70 3  1 4  29 , 180 86 
South 9 3 , 3 6 6  7 , 4 5 5  8 8 5 , 9 1 1  9 2  
Wes t  9 2 , 888 5 7 , 0 4 2  6 1  3 5 , 84 6 3 9  

TOTAL 2 4 9 , 0 6 4  7 0 , 1 2 2  2 8  1 78 , 9 4 2  7 2  

SOURCE : Adapted f rom USDA , Forest Service 1 9 8 0 , Table 2 . 3 .  
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TABLE 4-7 Forest Land Area in  the United S tates by Reg ion 
and Major Type ( 10 0 0  hec tares ) 

Total Sof twoods Hardwoods Other 

Nor theast 3 3 , 6 4 9 . 6  8 , 665 . 28 24 , l7 5 . 8b 808 . 3 
North Central 32 , 0 6 2 . 2  5 , 7 3 2 . 18 25 , 38 3 . 5b 9 46 . 6  
South 88 , 64 3 . 9  2 6 , 4 34 . 28 5 4 , 9 3 2 . 9b 7 , 276 . 8 
Rocky Mountain 5 5 , 19 2 . 8  30 , 5 24 . 9c 3 , 09 6 . 7d 2 l , 578 . 5e 

Great Pla ins 1 , 8 20 . 1  6 0 8 . 7c 3 4 . 4d 2 3 3 . 6e 

Pac i f ic Coast 37 , 695 . 0  25 , 07 4 . 8c 3 , 60 5 . ld 9 , 0 l 5 . le 

8Includes white , r ed ,  and j ack pines , f ir -spr uce , long leaf s lash , 
loblolly shortlea f .  

b includes oak-pine , oak-h ickory , oak-gum cypress , e lm-ash-cottonwood , 
aaple-beech-b i rch , aspen-b irch . 

cincludes Douglas f i r ,  Ponderosa pine , western wh ite pine , 
f i r -spr uce , hemlock-s i t ka spr uce , larch , lodgepole pine , redwood , 
othe r softwoods . 

dwes tern ha rdwoods .  
eincludes nonstocked , chapar ral , pinyon-j uniper , other . 

SOURCB 1 Adapted from USDA ,  Forest Serv ice 1980 , Tables 2 . 7  and 2 . 9 .  

thi s  i s  pr ime agr icultural land ( USDA 1980 ) . Therefor e 
any conver s ion of forest land to other uses would be 
large ly at the expense of hardwood in the South and Nor t h  
Central r eg ions . 

Analysis  of demand and supply ind icates that increased 
demand will result in h ighe r pr ices for both sof twood s 
and h ardwoods ( USDA , Forest Service 1980 ) . However , the 
pr ice of softwood s will r ise more rapidly than that of 
hardwoods .  These pr ice r ises will probably encourage 
more i ntens ive management of commer ical forests . 

Approx imately 1 1  mill ion ha of pr ime agr icultural land 
in the South i s  occupied by forests ( USDA 1980 ) . Thi s 
represents about 6 5  percent of the pastureland , forage 
land , and rangeland in the South that has the potential 
for conver s ion to c ropland (Crosson and Brubaker 198 2 ) . 
The land w i th the g reates t potential for conver s ion to 
cropland is  a lso the most product ive land for forests . 
Cons ide r ing that the t�tal national demand for add i tiona l 
cropland could be as much as 24  mill ion ha , it  is  poss ible 
that one third or more could come from the forests of the 
South . 
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Wetlands and Aquatic Area s 

A number of attempts have been made to c lass i fy wetlands 
and aquat ic areas ( e . g . , Shaw and Fred ine 19 56 , Coward i n  
e t  al . 1979 ) , and unfor tunately a l l  have limitat ions . In 
a mos t general sense , wetlands are bas ins that hold wate r 
( tempor ar i ly or permanently ) and that have plant 

commun i t ies tolerant or in need of wet soils . Wetland s 
r ange i n  s ize f rom very small , temporar ily f looded 
depr ess ions to extens ive wooded swamps and ar e found i n  
a l l  r eg ions of the Uni ted States . 

Because of the d i f f icult ies in iden t i fying and def i n ing 
wetlands , est imates of the ir  extent are not prec i se .  In 
1956  Shaw and Fred ine ( 19 5 6 ) est imated that the lower 4 8  
s tates contained about 3 3  m i l l ion h a  of wetlands . I n  
19 7 7  the Soi l  Conservat ion Serv ice (USDA 1980 ) estimated 
t here  was about 28  million ha of wetlands . By us ing 
these est imates , the annua l average loss over the 20-yea r 
per iod i s  calculated to be about 200 , 0 0 0  ha . 

In def i n i t ion s of land that i s  used for agr icultura l 
purposes , wetlands are of ten i nc luded in pasture land , 
forest land , or range land ( see Chapters 6 ,  7 , and 8 ) . 
One clas s i f icat ion scheme for agr icultural soils has wet 
so ils as a category , of wh ich wetlands is  a subcategory . 
Wet soi ls const i tute 109 mill ion ha , of which 4 2  mill ion 
is cropland , 23 mill ion i s  pastureland and rangeland , and 
4 5  m i l l ion i s  forest and other . S ince only the por t ion 
in cropland is l i kely to be drained at presen t , the 
undrained wet soi ls const i tute about 60 percent of the 
total . 

S ince many of the wetlands of the Corn Belt were long 
ago drained and conver ted to cropland , est imates are tha t 
a lmost 9 5  percent of Iowa ' s wetlands have been destroyed 
( B i shop 198 1 ) . It is unli kely that add i tional losse s 
w i ll occur in Iowa . The most extens ive convers ions of 
wetlands are li kely to occu r in the bottomland hardwood 
swamps and overflow wetlands of the South . Near ly 80 
percent of such areas have been los t in the Lower 
M i s s i s s ippi Valley ( MacDonald et  al . 1979 ) , and as the 
South becomes mor e  impor tant in the product ion of 
agr icultural commod i t ies , 2 5  percent of the remaining 
area l i kely could be drained by 199 5 .  
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WATER QUANTITY AN D  QUALITY 

Quant i ty 

Ag r icultur e  i s  the largest single user of water in th e 
Un i ted States . I n  1 9 7 5 , ag r iculture accounted for near ly 
hal f  of wi thdrawals of freshwater for offstream use (Table 
4 -8 ) . Th i s  compares w i th 26  percent of withdr awals for 
steam electr ic ity generation , 17 percent for manufactur ing 
and minerals , and 9 percent for domestic and commerc ial 
uses . I n  terms of consumpt ion ( allowing for evapotrans
p i r a t ion and incorporat ion into products ) ,  ag r iculture 
and l ivestock accounted for 83 percent of the funct iona l 
u se of water in 1 9 7 5 , whereas s team gene rat ion consumed 
less than 1 percent , manufactur ing and miner als abou t 8 
percen t ,  and domest ic and commercial uses 7 percen t .  By 
2 0 3 0 , total f reshwate r wi thdrawals are expected to declin e 
s l ightly ( 7  percent)  and consumpt ion is  proj ected to 
inc r ease by about 6 0  percen t .  Th is reflects an increa s e  
i n t h e  r a t io of consumpt ion t o  wi thdrawal f rom about 3 0  
pe rcent t o  over 5 0  percent . 

The g reatest water withdrawals in 1 9 7 5  for i r r igat ion 
we r e  in California with ove r 34 billion gallons per day , 
the P ac i f ic Nor thwest water r esource reg ion with 3 3  
bill ion , the Missour i reg ion with 32  billion , and the 
Texas Gulf reg ion w i th a lmos t 12 billion ( Table 4 -9 ) . 
Consumpt ion as a percent of withdrawals for i r r igation 
purposes was approx imately 55 percent in 19 7 5 .  

Almos t 1 7  mill ion ha--approx imately 1 0  percent o f  u . s . 

c ropland--was i r r igated in 1974 , almost twice as much as 
was i r r igated 30 years  ear lier (Table 4-10 ) . Twenty 
s tates account for over 9 5  percent of all irr igated 
hec tares . Western and Plains states alone account fo r 
almos t  9 0  percent of all i r r igated hectares . The trend 
of increas ing i r r igat ion is not an ent i r ely western 
phenomenon ; i r r igated land in the East increased by 
nearly 7 5  percent from 1967  to 19 7 7  ( Table 4-11) . 

The types of land be ing i r r igated , the sources of the 
wate r ( sur face or g round water ) ,  and the i r r igat ion 
methods d iffer f rom area to area in the Wes t  ( Table 
4-12 ) . G iven that wate r conservat ion is c r i t ical to the 
future of agr iculture in these reg ions , the e f f ic ienc ies 
of on-farm and off-farm conveyance are par t icular ly 
impor tan t .  These eff icienc ies ind icate where changes can 
be made , and what the magnitude of the changes should be , 
to conserve water . Ris ing costs of pumping water , concern 
over deplet ion of reserves , and growing compet i t ion f rom 
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TABLE 4-8  Freshwater Withdr awals and Consumpt ion i n  the Uni ted States in 197 5  and Projec ted 
Demand (Alaska , Hawa i i ,  the Car ibbean inc luded) i n  2 0 3 0  by Major Use (million 9allons a day ) 

W i thdrawals Consumj2t ion 
197 5 2 0 3 0  1 9 7 5 2 0 3 0 

P e rcent Percent Percent Percent 
M i l l ion of M i l l ion of M i l l ion of M i l l ion of 
g a l/day Total g a l/day Total g a l/day Total g a l/day Tota l  

I r r ig at ion 1 5 8 , 7 4 3  4 7  1 4 8 , 5 1 8  4 7  8 6 , 3 9 1  8 1  9 9 , 9 7 2  5 9  Cl'l 
S team e lectr ic 8 8 , 9 1 6  2 6  7 0 , 4 7 2  2 3  1 , 4 1 9  1 2 1 , 37 3  1 3  0 

Manufactur i ng 5 1 , 2 2 2  1 5  2 6 , 3 9 2  8 6 , 0 5 9  6 2 5 , 1 1 7  1 5 

Domest ic and 
commerc i a l  2 8 , 7 8 6  9 4 7 , 0 8 1  1 5  7 , 3 7 7  7 1 1 , 8 7 5  7 

M i nerals 7 , 0 5 5  2 1 6 , 4 6 5  5 2 , 19 6  2 5 , 2 0 3  3 
L i vestoc k 1 , 9 1 2  . 5  3 , 2 1 1  1 1 , 9 1 2  2 3 , 3 1 6  2 
Publ ic lands 

a nd othe r 1 , 8 6 6  . 5  3 , 2 0 0  1 1 , 2 3 6  1 2 , 3 2 6  1 

TOTAL 3 3 8 , 5 0 0  1 0 0 . 0  3 1 5 , 3 3 9  10 0 . 0  1 0 6 , 18 2  1 0 0 . 0  1 6 9 , 1 8 2 1 0 0 . 0 

SOURCE : Adapted from u . s .  Water Resources Counc i l  1 9 7 8 , as ex tended i n  USDA , For est Serv ice 1 9 8 0 . 
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TABLE 4 - 9  Fre shwate r Wi thdrawals and Con s ump t i on fo r I rriga tion in the 

Con ti guous 4 8  S tate s in 1975 , by Wate r Re source Region , with P ro j e cti ons of 

Demand in 2 0 30 ( mi l l ion gal lons a day) 

TABLE 4- 9a Wi thdrawals 

Wate r Re source 
Region 1 9 7 5  1 9 8 5  1990 2 000 2 0 1 0  2 0 2 0  2 0 3 0  

New Engl and 35 4 1  3 9  4 6  4 6  4 5  3 7  
Middle Atlanti c  2 6 5  366 350 481 4 8 1  4 7 3  466 
SOuth Atlantic Gul f  3 , 4 64 4 , 008 3 , 82 9  4 , 5 09 4 , 509 4 , 4 36 4 , 36 3  
Great Lake s 145 2 1 1  2 02 2 8 2  2 8 2  2 7 7  2 7 3  
Ohio 4 7  68 65 91 91 8 9  8 8  
Tenne ssee 14 1 8  1 7  2 1  2 1  2 1  2 0  
Upper Mi s s i s s ippi 1 92 2 8 3  2 7 0  3 8 7  386 381 3 7 4  
Lower Mi s s i s s ippi 4 , 580 4 , 559 4 , 3 5 5  4 , 444 4 , 444 4 , 37 2  4 , 3 00 
Souris-Red Rainy 46 144 1 38 4 3 4  4 3 4  4 2 7  4 2 0  
Mi s souri 3 1 , 6 3 6  3 9 , 3 7 6  3 7 , 6 1 3  36 , 2 36 3 6 , 7 3 6  36 , 1 4 2  3 5 , 5 5 0  
Arkansas-Whi te-Red 9 , 98 0  10 , 48 3  1 0 , 014 9 , 7 76 9 , 776 9 , 6 1 8  9 , 460 
Texas Gulf 11 , "538 9 , 3 3 3  8 , 91 5  7 , 4 2 7  7 , 4 2 7  7 , 307 7 , 1 8 7  
Ri o  Grande 5 , 684 5 , 4 98 5 , 2 52 4 , 87 3  4 , 87 3  4 , 7 94 4 ,  7 1 6  
Upper Colorado 6 , 4 00 7 , 22 3  6 , 900 6 , 67 2  6 , 6 7 2  6 , 564 6 , 4 5 7  
Lower Colorado 7 , 98 9  7 , 2 99 6 , 87 2  6 , 34 3  6 , 34 3  6 , 24 0  6 , 1 38 
Great Basin 6 , 969 6 , 12 0  5 , 846 5 , 82 5  5 , 82 5  5 ,  7 3 1  5 , 6 3 7  
Paci fi c Northwe st 3 3 , 181 34 , 6 3 9  34 , 088 2 9 , 961 2 9 , 96 1  2 9 , 47 7  2 8 , 994 
Cali fornia 34 , 5 3 9  3 4 , 86 3  34 , 3 02 34 , 764 34 , 764 34 , 3 5 6  3 3 , 28 1  

TOTAL 156 , 7 76 164 , 5 3 2  1 5 9 , 06 7  1 5 2 , 57 2  1 5 3 , 84 7  1 5 0 , 26 1  1 4 7 , 2 8 5  

0\ 
.... 
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TABLE 4 - 9b Con sumption 

Water Re source 
Region 1 9 7 5  1 98 5  1 990 2 0 0 0  2 0 1 0  2 0 2 0  2 0 3 0  

New England 2 5  2 9  2 9  3 3  3 4  3 5  3 6  
Middle Atlantic 1 96 2 6 9  2 6 5  3 54 367 375 3 84 

South Atl antic Gul f 2 , 7 5 2  3 , 184 3 , 1 3 2  3 , 5 97 3 ,  7 2 4  3 , 81 2  3 , 8 9 9  
Great Lake s 114 169 166 2 3 2  2 4 0  2 4 6  2 5 1  
Ohio 3 7  5 3  5 1  7 4  7 7  7 8  8 0  
Tennes see 11 14 14 17 18 18 18 
Uppe r  Mi s s i ssippi 1 5 3  2 3 0  2 2 6  3 2 3  3 3 4  3 4 2  3 5 0  
Lower Mi ssissippi 3 , 065 3 , 2 04 3 , 1 5 2  3 , 2 7 2  3 , 388 3 , 4 6 7  3 , 54 6  Cl\ 
Souri s-Red Rainy 3 7  116 114 3 5 0  3 7 3  3 7 1  3 9 0  

N 

Mi ssouri 14 , 2 14 17 , 5 97 1 7 , 3 1 2  17 , 607 18 , 2 3 2  18 , 92 2  1 9 , 08 3  
Arkansas-Whi te-Red 7 , 04 8  7 , 468 7 , 34 7  7 , 1 2 5  7 , 3 7 8  7 , 5 5 0  7 , 7 2 2  

Texas Gul f  9 , 3 4 7  7 , 5 9 7 7 , 4 74 6 , 1 00 6 , 3 1 7  6 , 464 6 , 61 1  
Rio Grande 3 , 88 6  3 , 92 0  3 , 7 17 3 , 5 7 0  3 , 696 3 , 7 8 3  3 , 86 9  
Uppe r  Colorado 2 , 1 94 2 , 6 5 7  2 , 614 2 , 7 41 2 , 83 8  2 , 905 2 , 97 1  
Lowe r Co lorado 4 , 02 6  3 , 96 2  3 , 898 3 ,  7 2 0  3 , 8 5 2  3 , 94 2  4 , 03 2  
Gre at Basin 3 , 2 2 5  3 , 08 2  3 , 03 2  3 , 1 96 3 , 3 09 3 , 3 87 3 , 4 64 

Paci fi c Northwe st 1 1 , 026 1 3 , 3 6 3  1 2 , 98 1  1 3 , 2 1 3  1 3 , 2 7 9  1 5 , 001 14 , 3 2 1  

Cal i fornia 24 , 2 8 2  2 5 , 1 3 4  2 4 , 7 2 7  2 6 , 3 1 1  2 7 , 24 5  2 8 , 881 2 8 , 2 1 8  

TOTAL 85 , 6 3 8  9 2 , 04 7  90 , 2 5 1  9 1 , 835 94 , 701 99 , 5 79 9 9 , 245 

SOURCE : Adap ted from USDA , Fore st Servi ce 1 98 0 .  
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TABLE 4-10  Top 2 0  S tates in the Number of 
Hec tares I r r ig ated 

197 4 I r r igated Hectares !thousands) 
Rank 1944 1 9 5 4  1 9 6 4  1 9 7 4  

Ca l i fornia 1 2 , 0 0 4  2 , 8 5 2  3 , 07 5  3 , 13 6  
Texas 2 5 3 4  1 , 90 5  2 , 58 4  2 , 66 9  
Nebraska 3 2 5 6  4 7 4  8 7 8  1 , 6 0 5  
C o lor ado 4 1 , 0 9 2  9 1 6  1 , 08 9  1 , 163 
Idaho 5 8 2 0  9 4 1  1 , 1 3 4  1 , 1 5 7  
K ansas 6 3 9  1 3 4  4 0 6  8 13 
Montana 7 6 2 9  7 6 5  7 6 6  7 1 2 
Or egon 8 4 5 7  6 0 3  6 5 1  6 3 2  
Flor ida 9 90 173 49 3 6 3 1  
Wyoming 10 5 4 8  5 1 1  6 3 6  5 9 1  
Wash ington 11 2 10 3 1 5  46 5  5 3 0  
Ar i zona 12 2 9 4  4 7 6  4 5 5  4 6 7  
Utah 13 4 5 5  4 3 4  4 4 2  3 9 3  
Ar kansas 1 4  1 1 7  3 4 7  3 9 4  3 8 4  
New Mex ico 15 2 1 7  2 6 3  3 2 9  3 5 1  
Nevada 16 2 7 3  2 2 9  3 3 4  3 1 5  
Lou i s iana 17 2 1 7  2 8 7  2 3 5  2 8 4  
Oklahoma 18 a 4 4  1 2 2  2 0 8 
M i s s i s s ipp i  19 a 5 3  5 0  6 6  
South Dakota 20 2 1  3 6  5 3  6 2  
All othe r s tates 3 4  2 0 0  40 6  5 2 4  

TOTAL for 
S O  s tates 8 , 3 1 2  1 1 , 9 6 0  1 4 , 997 16 , 69 1  

a Fewe r than 2 0 2  ha . 

S OURCE : Adapted from USDA 1 9 8 0 , Table 3C-l . 

nonag r icultural use r s  are forces encourag ing greate r 
e f f ic ienc ies . I t  is the increase in eff ic iency that 
leads to the downward proj ect ions in wi thdrawal for 
i r r igat ion in the future .  Proj ec t ions to 2 0 3 0  ind icate 
that i r r igation will continue to account for about hal f  
of  a l l  withdrawals ( Table 4-8 ) . The g reatest absolute 
decreases in  wi thdrawal for i r r igat ion are proj ected to 
be in the Texas Gulf , Lower Colorado , Great Bas in , Pac i f ic 
Nor thwe s t , and Rio Grande wate r resource reg ions (Table 
4 -9 ) .  I t  is  l ikely that in these reg ions g reater 
ef f ic ienc ies in the use of water will be reali zed , s o 
t h a t  the area of i r r igated land will not be reduced . The 
po s s ible exception is the Texas Gulf , where water 
c onsumpt ion for i r r igat ion is expected to decl ine by 
nea r ly 3 0  percent . The appropr iate implementat ion of 
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TABLE 4 - 1 1  I rr igated Land i n  the Eastern Uni ted 
States , 19 6 7  and 19 7 7  ( 10 0 0  hectare s )  

Nor theas t  
Appalachia 
Cor n Be l t  

M issour i 
Othe r Cor n Be l t  

L a k e  S tates 
Southea s t  
Delta 

TOTAL 

SOURCE : Hanson and Pagano 1980 . 

1967 

178 

84  
4 8  
3 6  
5 2  

6 8 6  
1 4 2 5  

2 4 2 5  

1977 

150 
168 
4 SO 
3 1 4  
1 3 6  
3 9 1  

1 3 8 6  
1 6 2 4  

4 1 6 9  

po l i t ical , soc ial , and economic incent ives may help to 
ach ieve a balance between recharge and withdrawal . 

Electr ical energy i s  used for on-farm pumping of wate r 
on over 4 4  percent of all hectares i r r igated w i th on-farm 
pumped water ; 30 percent rely on natural gas , 11 percen t 
on d iesel fuel , and 14  percent on l iquef ied petroleum gas 
and gasoline ( Sloggett 1977 ) .  The costs of these input s 
a r e  r is ing rap idly and will force adj us tments in  pract ices 
and quant i t ies used . In near ly all areas where stream 
water i s  used , there are seasonal inadequacies resulting 
f rom depleted stream f lows . Stream f lows of 4 0  percen t 
of mean annual min imum f low ser iously affec t  f ish and 
wildlife  ( Bayha 19 7 6 ) . 

Qual i ty 

Hydrolog ic bas ins are affec ted pr imar ily by agr icultu r a l  
and urban runoff as nonpoint sources o f  pollut ion ( Table 
4-13 ) . S ix ty-e ight percent of the basins in the Un i ted 
S tates repor t water pollut ion caused by agr icultural 
act i v i t ies , with bas ins in the Nor th Central , Sout h 
Central , and Southwest water resource reg ions mos t  
ser iously affected . The pr imary agr icu ltural pollutant s 
i n  water are sal t ,  pest ic ides and herbic ides ( and other 
mater ials inc lud i ng an imal wastes ) ,  nutr ients ( e . g . , 
n i trogen and phosphorous ) , and sed iments . 

Sal i n i ty results from the leaching of saline soi l s  and 
e vaporat ion and t ranspi rat ion f rom i r r igation . These 
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TABLE 4-1 2 I r r igation Characte r i s t ics in the 1 7  Wes tern S ta tes 

Present Avera9e 
I r r iga t ion 

Ef f ic ienc ies 

(percen t )  

I r r igat ion Wa ter I r r igat ion O f f -farm Inst ream Water 

S i tuat ion Sou rce Methods on-far• Conveyance Flow Qua l i ty 

Nor thwe s t  Intermed iate 7 0 '  sur face Abou t equa l l y  25-70 60-95 Seasonal Seasonal 
Or egon Va l l ey lOt g round d i v ided between inadequac ies teape rature 
Wash ing ton water spr i n k l e r  in s t r eaiiS f l uctuat ions 
Id aho s u r face ( bo r de r , and estua r ies d is solved 

f u r r ow , bas i n ,  gases and 

cor r ugat ions ) ,  sed i111ent 

some t r ic k l e  

Mount a i n  l O Ot s u r face W i ld f lood 25-40 55-70 I nadequate Exce llent 

Meadow s t r eaaflows 
in d r y  yea r s  

0'1 
VI 

Sou thwest Lower Va l ley so• sur face S u r f ace {borde r , 50-70 70-95 Seve rely Sal in i ty 
Ca l i fo r n i a  20t g round bas i n ,  cor r u- depleted increases 

Ar i zona water g a t i ons , f u r r ow ) , s t r eaaa and downstreaM 

Southern spr inkler a nd estuary i n f lows 
New Mex ico SOftie t r ickle 

Southwest I n t e rmed iate 9 0t s u r face Sur face ( border , 4 5-65 70-80 Seasonal Good 
Texas Va l ley lOt g round contour d i tch , inadequac i es 

water f u r row and 
cor r ugat ions ) 

Pl a ins ( w i th l OOt g r ound Sur face ( border , 60-70 none Inadequacies Ground water 

on- f a r m  water bas i n , cor r u - good to poor 

water s upply ) g a t iona , f u r r ow )  

s011e spr i n k l e r  
a n d  t r ick l e  

In termountain In termed iate 8 0\ s u r face S u r face ( bo r de r , 3 5 -50 70-95 Seasonal Sal i n i ty 

Nevada Valley 20t g round contour d i tch , i nadequac ies increases 

utah water furrow cor re- downatreaa 

Nor thwe s t  gat ions ) , aOIIe 
New Mex ico spr i n k l e r  

Mounta in 1 OOt s u r  face W i ld f lood 25-50 50-80 LOcal i zed a r eas Excellent 

Meadow w i t h  i nadequa te 

f lows i n  d r y  

yea r s  
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TABLE 4-1 2  (continued )  

Present Average 
I r r igat ion 
Ef f i c ienc i e s  
( percen t )  

I r r iC)at ion Wa ter I r r igat ion O f f - f a r m  Inatream Wa ter 

S i tuat ion Source Methods on-farm Conveyance Flow Qua l i ty 

Roc k y  Mounta i n  Mounta i n  1 0 0 •  s u r  face W i l d  flood 2 5 - 5 0  5 0 - 8 0  Loca l i zed a r eas Excel lent 
PO r t ions o f  Meadow w i th i nadequate 
Colorado f lows i n  dry 
Wyom ing yea r a 
Montana I n te rmed i a t e  9 5 t  sur face Sur face (border , 4 0 - 5 5  50-95 Seasonal Sa l i n i t y  
Id aho Va l ley s• g round con tour d i tch , i nadequac ies increases 

Nor the r n  New wate r cor r uqat ions and down s t r eam 
Mex ico f u r row ) , &OM 

spr i n k l e r  

"' 
No r th e r n  P l a ins (With 90' g round About equa lly 40-65 none Seasona l Ground water "' 
Great P l a i n s  on- f a r m  wa ter d i v ided between i nadequac ies good 

Montana water s upply lOt s u r face apr i n k l e r  and 
North Da kota (overd r a f t ) sur face ( fu r row ) 
South Dakota I n te raed iate 90\ s u r face Sur face ( bor de r , 4 0-55 4 0 - 9 5  Seasonal Water sur.er 

Nebraska Va l ley 10• g round contour d i tch , inadequac ies tempe r atures 
Ea stern water cor r ugat ions and and sed i�aent 

Wy0111 ing f u r r ow ) , some probleaa 

Eastern spr i n k l e r  
Color ado 

Sou the r n  Pla i n  a ( w i t h  9 5' g round About equa l l y  50-70 none Seasonal Ground water 

Grea t P l a i n s  on - f a r m  water d i v ided between inadequac i e s  good t o  poor 
s ou the r n  wate r supply ( seve r e  spr i n k l e r  and 

Kansas ove r d r a f t )  f u r row and bas i n  
Ok lahoma LOwer so• s u r face Sur face ( f u r r ow ,  6 5-75 40-95 Seve rely LOw to h igh 
Texas Va l l ey so• g round border and depleted sal i n i ty 

Ea stern water basin ) , BOlle a t r eaaa and 

New Mex ico spr i n k l e r  estuary 
i n f lows 

SOURCE ' Adapted f r011 USDA 1980 , Table lC-7 . 
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TABLE 4 - 1 3  Percen tage o f  Hydro logic Basins Affe cted By Nonpoint Source s of Po l lution in the 
Uni te d  S tates , by Re gion , Source , and Type o f  Po ll ution 

Numbe r Source o f  Po l l ut ion 
o f  Hydro-
Hydro- logic Sol id Ind ivid- Oxygen 
logic Urban Cons true- Mod i f i - Si lvi- Agr i - Wa ste ual D i s - Bac- Depl e -
Bas ins Runoff t ion cat ion cul ture Mining culture Di s� sal posal teria t ion 

Northeast 40 7 0  1 5  2 0  1 0 2 0  5 5  3 5  6 3  70 53 0\ 
Southeast 4 7 57 2 30 1 5  7 4  

" 
2 1  62 9 4 0  6 6  

Great Lakes 4 1 54 7 2 15  4 1 5 9 1 5  3 9  5 1  5 4  
North 

Central 3 5  54 6 3 6 40 8 9  9 2 9  69 66 
South 

Central 30 so 0 2 3  1 3 5 3  8 7  1 3  4 0  5 3  4 3  
Southwc :>t 2 2  2 3  0 18 5 36 79 0 3 5  3 6  1 4  
Northwe st 22 2 3  2 3  2 3  2 7  2 3  5 5  9 3 2  6 4  18 
I s l ands 9 6 7  67 2 2  0 0 78 22 89 89 4 4  

TOTAL 246 62 9 1 5  1 5  3 0  6 8  1 4  4 3  6 1  5 1  
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TABLE 4 - 1 3  ( con tinued) 

Number Type o f  Po l l ut ion 
of 
Hydro- Sus- Dis- Oil 
logic Nutr i - pended solved and Pesti-
Basins ents Sol ids Sol ids pH Grease Toxics cides 

Northeast 4 0 63 65 1 0  18 1 5  3 3  1 8  
Southeast 4 7 5 7  3 4  4 9 4 1 1  2 1  
Great Lakes 4 1 44 56 27 37 20 34 1 5 

Cl\ 
00 

North 
Central 3 5  63 80 51 20 0 5 1  3 7  

South 
Central 3 0 63 3 7  7 0 2 3 3 4 7  4 0 

Southwes t  2 2  4 5 3 2  68 14 14 2 7 0 
Nor

.
thwe st 22 5 5 64 1 4 9 5 3 2 0 

I s l ands 9 44 100 0 0 0 2 2  4 4  

TOTAL 2 4 6  5 6 54 3 0  1 8  9 3 2 2 2  

NOTES : Pe rcentage is based on the number of bas ins a ffe cted , e i ther wholly or in part . As l i t tle as 
3 pe rcent or as much as 100 percent of an indi vidual bas in could be affe cted and the bas i n  would be included . 
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processes can r a ise the salt concentration i n  the soi l to 
level s  intolerable to agr icultural crops . Eros ion of 
so i l s  with a h igh salt content contr ibutes 82 to 9 1  
.mi l l ion metr ic tons ( 9 0  to 100 mill ion tons ) o f  salt to 
the water supplies of the eleven western states annually . 
Also , ov.erdraft of ground water in coastal areas invites 
the intrus ion of saltwater into underground aqu ifer s a s  
the hydrostatic pressure changes . 

Of the approx imately 6 8 0 , 0 0 0  metr ic tons ( 7 5 0 , 00 0  
tons ) of bioc ides produced in 1 9 7 7 , farmers used 6 0  
percent ( USDA 1980 ) . Farmer s  a r e  expected t o  increas e 
the i r  use of bioc ides in the future . The concentrat ions 
of insectic ides and herbic ides appl ied are usually low 
and relat ively small quantities e ither dr ift or r un off 
into f ish and wild l i fe habitats , but even very small 
amounts can be tox ic to aquatic l i fe .  I f  these mater ials 
do not read i ly or r apidly deg r ade or i f  they degr ade into 
other tox ic and pers istent forms , the ir threat to wildlife 
can be long-lived . Another severe , albeit localized , 
pollut ion source is  animal wastes from feedlots . 

I n  1976 , farmers appl ied approx imately 4 4 . 5  mi llio n  
metr ic tons ( 4 9  million tons ) of fer t i l i zer ( USDA ,  For est 
Serv ice 1980 ) . Est imates of how much of the nitrogen , 
phosphorous , and potassium in these fer t i l i zers reached 
th:, water vary widely . Est imates of n itrogen in sur face 
water r ange from 1 5  to 5 4  percent of the amount applied 
(USDA , Forest Service 1980 ) . Land use and nutr ient 
concentrat ions in streams are d irectly related ( Figure 
4-4 ) . Land devoted almost exclus ively to crops 
contr ibutes s ignif icantly more n itrogen to streams . A 
sh ift  from monoculture to integrated agr iculture could 
improve s tream qual ity . 

C ropland is  a lso the g reatest s ingle contr ibutor to 
stream sed iment ( about 40 percent ) ,  the exact amount 
depend ing on r ates of soi l  eros ion . Therefore as forests 
and r angeland are more intensively managed or as they ar e 
conver ted to cropland , more runoff of pestic ides , more 
nutr ient load ing of streams , and poss ibly more 
sed imentat ion can be expected . 

SOIL QUANTITY AND QUALITY 

Quantity 

In the Uni ted States , lands suitable for cont inuous 
cultivat ion of crops as wel l  as for pasture ,  for age , o r  
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;;. 75% Cleared Unproductive 

;;. 50% Range: Remainder Predominantly Forest 

Remainder Predominantly 
Agriculture 

;;. 50% Agriculture 

;;. 75% Agriculture 

0.1  0 2 3 4 
Total Phosphorus Total N i t rogen 

Concentrat ion. in  M i l l igrams per Liter 
5 

;;. go% 
Agroculture 

6 

FIGURE 4-4 Relat ionsh ips between land use and nutr ien t 
concentrat ions i n  s treams . SOURCE : USDA , Forest Service 
1980 . 

forests make up over 4 0  percent of all nonfederal land , 
or about 2SO million ha . Lands of marg inal capac i ty for 
cult ivat ion , but with acceptable prope r t ies for other 
uses constitute about 13 percent of nonfederal land , o r  
over 7 5  million ha . Other lands , genera lly unsu itable 
for cu lt ivation , make up over 40 percen t of nonfederal 
lands , or about 250  million ha ( USDA 1980 ) . 

Only a port ion of all soi l i s  useable for ag r icu ltura l 
product ion ( Figure 4-3 ) . The propor t ion of h igh-qual i ty 
ag r icultural soils to total land area i s  h ighest in  the 
Corn Belt , Nor thern Plains , Lake S tates , and Delta S tates , 
where roughly S O  to 7 5  percent of the soi l s  are cons idered 
C lass I to Class I II soi ls . I n  the South , whe re cropland 
increases are expected to be greatest , the propor t ion o f  
soils i n  Classes I to I I I  is  approx imately SO percent . 

Qual i ty 

Soi l formation i s  a r e lat ive ly slow process depend ing on 
vegetat ion , climate , use , parent mater ial , living 
organ i sms , and topography . Forest soi l s  develop at a 
rate of 1 inch in  1000-plu s years 1 agr icu ltural soi l s  a t 
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a rate of 1 inch in 10 0 year s .  The qua l i ty of u . s .  soi l s  
g ene r a l ly is  be ing reduced by a number o f  factor s , 
i nclud ing eros ion from wate r and wind , compact ion and 
deter ior at ion o f  the soi l  struc ture ,  loss of nutr ients 
and minerals , and soil-wate r interaction , as wel l  as ai r 
pol lu t ion and its impact on soi l  pH . 

Eros ion i s  a ser ious problem on more than half of th e 
n a t ion ' s cropland , although geog r aph ic var iat ions make 
gene r a l i zations r egard ing its extent d i f f icult . The 
s e r iousness of the problem at any par t icular s i te i s  a 
funct ion of soil  depth and the r ate of soi l  regeneration . 
Thus eros ion rates that are alarming in one area may be 
only s l ightly wor r i some in  another location (Nationa l 
Research Counc i l  1980 ) . With this qual i f icat ion in mind ,  
i t  i s  noted that i n  1977 eros ion exceeded 2 2  metric ton s 
pe r  hec tare ( 10 tons per acr e )  on about 30 percent of row 
cropland in  the Southeast , 10  percent in the Northeast , 
and 2 0  percent in  the Corn Belt . I f  present eros ion 
rates continue or increase , corn , soybean , and cotton 
y ie lds in several important areas could be reduced 
substantially , other  factor s be ing equal , over the nex t 
S O  year s . And because eros ion is  the ma in source of 
sed iment in  streams , i t  i s  also respons ible for the 
t ransfer of ag r icultural chemicals to waterways . 

The increased s i ze and we ight of farm equipment hav e 
r e sulted i n  soil compac tion , impeded water penetrat ion , 
and promoted increased runof f and sed imentat ion . 
Although fall plowing is  an impor tant means of r emedy ing 
compact ion , i t  leaves the land vulner able to wind and 
water eros ion dur ing the nong rowing season . Whi le 
increas ing energy costs will probably encourage les s 
t i llage of all types , thus reduc ing e ros ion and the 
po llution of sur face waters , they also will necess i tate 
the use of g reater quant i t ies of herbic ides and perhaps 
insec t ic ides . Th is , coupled with the poss ibi l i ty of 
g r eater infiltration and leach ing , may lead to more 
pollut ion of sur face and ground water or runof f water i n  
the f uture . 

As long as we are farming the extens ive land area and 
us ing current product ion pract ices , includ ing large-scale 
machinery , there i s  no reason to bel ieve that the h igh 
r a te of erosion i s  going to d iminish . I f  appropr iate 
s oc ia l ,  pol i t ical , and economic incentive s are 
implemented , soi l eros ion may be s ignif icantly reduced . 
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5 
Trends in Cropland, Range, and Forest 
Cultural and Management Practices 

CROPLAND PRACTICES 

Conservat ion T i llage (Cult ivat ion ) 

The term conservation t i l lage cover s  a broad range o f 
t i llage methods that generally r equ i r e  less soil 
d i stur bance dur ing seedbed preparat ion , plant ing , an d 
c rop g rowth than the convent ional soi l  inver s ion systems 
associated with moldboard plows and offset d iscs . Some 
conservat ion t i llage prac t ices actually requ ire  no 
t i llage and others  involve very l i ttle . 

W i th no t illage , seed ing i s  accompli shed wi thout 
pr eparat ion of the seedbed , and the crop is not cultivated 
dur ing the product ion per iod . I n 1976  there was about 3 
m i l l ion ha ( 7 . 5  m i l l ion acres ) be ing farmed with no-t il l 
techn iques in the Un ited S tates , more than double the 
area ( 3 . 3  mill ion acres ) in 19 7 2 . Est imates are that 1 0  
t o  2 0  percent of all cropland ( 13 to 2 6  mill ion ha ) w i ll 
be farmed by no-till methods by 2010  ( Deve lopment 
Plann ing and Research Assoc iates 197 8 ) . In  conj unct ion 
with th i s  trend , total fer t i l i zer and herbicide usage i s  
est imated to increase by 1 5  percent and insec t i c ide usage 
by 10 percent over the same per iod . Such incr eases in 
no- t i l l  farming shou ld substant ially reduce soi l  losses 
( 5 0  to 9 5  percent )  and thus r educe turb id ity of streams . 
However ,  pestic ide r unoff is  l ikely to increase because 
of the gr eater quant i t ies appl ied and because the 
mater ials will  r ema in longer on the soi l  sur face . 

With reduced t i llage there  i s  l imited preparation o f  
the seedbed for plant ing combined with use of chemicals 
for weed control . No moldboard plowing is done , and crop 
r es idues are normally left on the soi l  sur face or mixed 
into the topsoi l  or both . I n  1977 , almost 2 4  million ha 
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(5 8 . 8  m i l l ion acres ) was farmed by reduced tillage , and 
another 16 m i l l ion ha ( 4 0  m i l l ion acres ) was farmed with 
les s than convent ional t i llage techn iques (Development 
P lann ing and Research Assoc iates 1 9 78 ) . Est imates are 
that r educed or · conservat ion t i l lage i s  currently employe d 
on 2 2  to 3 2  m i l l ion ha ( 5 5  to 7 9  mill ion acres ) ( Table 
5-l) , and proj ect ions ind icate that these pract ice s  wi l l  
be implemented on 5 0  to 6 0  percent o f  u . s .  cropland by 
2010 , pr imar ily for corn , soybean , and wheat crops 
(Cros son and Brubaker 1 9 82 ) . Most r esearchers conclude 
that conservat ion t i l lage will  reduce eros ion but no t 
neces sar i ly nutr ient r unof f  or waterway nutr ient f low , 
because there will be g reater concentrat ions of 
fer t i l i zers i n  the uppermost layers of soi l  most subj ect 
to e ros ion . Mult iple cropping of land will increase with 
the g rowth of  reduced t illage , and thus output will 
incr ease on a yea r ly p� r hectare bas is . Use of 
fer t i l i ze r s  w i ll increase , but not by as much per hectare 

TABLE 5 - l  Alternate Est imates o f  Land i n  Conservat ion 
T i l lage i n  the United State s ( m i l l ion hectare s )  

Percent o f  " No-T i l l  Farmer " Est imates Pe rcent of 
USDA Ha r ve s ted Min imum Harvested 
Est imates C r opland No-Ti l l  a T i l l  Tot a l  Cropland 

1 9 6 5  2 . 7  2 . 3  NA NA NA NA 
197 3 11 . 9  9 . 3  2 . 0  15 . 8  1 7 . 8  1 3 . 9  
1 9 7 5  1 4 . 5  10 . 8  2 . 6 2 0 . 1  2 2 . 7  17 . 0  
1 9 7 6  1 5 . 9  1 1 . 8  3 . 0 2 1 . 1  2 4 . 1  18 . o  
1 9 7 7  19 . 2  14 . 1  3 . 0 2 5 . 4  2 8 . 3  20 . 7  
1 9 7 8  2 0 . 9  1 5 . 6  2 . 9  2 7 . 4  3 0 . 3  2 2 . 6  

1 9 7 9b 2 2 . 3  16 . 1  3 . 1  2 9 . 0  3 2 . 1  2 3 . 2  

a De f i ned as "whe r e  only the i n termed iate seed zone i s  pr epared . Up 
t o  24 percent o f  sur face a r e a  cou ld be wor ked . Could be no-t i l l , 
t i l l-plant , c h i se l  plant rotary s t r ip t i l l age , e tc .  I nc ludes many 
forms o f  conse rvat ion t i l lage and mu lch t i l lage . •  

bP r e l iminary . 

NA • not ava i lable . 

SOURCES : USDA e s t imates a r e  f r om G e r a ld Dar by ,  conse rvat ion agronom i s t , 
Soi l  Conse rvat ion Se r v ice , per sonal commun icat ion ( ba sed on r epor ts 
f rom s c s  county f ie ld off ices ) . " No-T i l l  Farme r "  e s t imates a r e  f rom 
Anonymou s 1 9 7 9 . Harves ted cropland data for 1 9 6 5 - 1 9 7 6  a r e  from USDA , 
J anuary 1980 , i n forma l commun icat ion ; and for 1 9 7 7 - 1 9 7 9  f rom Tom Frey , 
USDA , pe r sona l communicat ion . 
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as on lands not t i lled . In  the same way , the use o f  
herbic ides and pestic ides will  have t o  increase . 
Implementat ion of reduced t i l lag e pract ices wi l l  caus e 
less so il  loss through eros ion than is caused by 
convent ional t i l lage , but the loss will s t i l l  be greate r  
than the loss that occurs under no t i l lage . 

Conservat ion t i l lage will be favored par ticular ly i n  
a reas w i th wel l-drained soils , where weeds are eas i ly 
controlled with herbic ides , and where growing seasons ar e 
long enough to susta in double cropping . The percentage 
of t i llable land with drainage character ist ics  favorable 
for conservat ion t i l lage increases as we move from east 
to wes t  i n  the Corn Belt (Table S-2 ) , and suf f ic ient land 
r emains for s ignif icant expans ion of this prac t ice . 

I f  proj ected increases in the extent of conservation 
t i l lage mater ialize , the losses of n i trogen fer t i l i zer 
from land planted to corn , wheat , and soybeans will 
i ncrease ; but they will  be s ignif icantly less than the 
proj ected g ross increases in the amounts appl ied (Crosson 
and Brubaker 1982 ) . I t  is l i kely that phosphorous r unoff 
will  increase , but aga in it will  be by an amount less 
t han the proj ected g ross i ncreases in amounts applied . 
The effect of phosphorous on wate r resources as a resul t 
o f  conservat ion t i llage i s  not c lear , but , whatever the 
effec t ,  the add it ional phosphorous from fer t i l izer should 
not make a s ig n i ficant contr ibut ion to the total . 
Fer t i l i zer  runoff as  a result of reduced t i l lage wil l 
i ncrease in reg ions where n i t rogen appl icat ion increases , 

TABLE S-2 Percentages of Land Amenable to Conservat ion 
T i l lage and in Conservat ion Tillag e in Oh io , I nd i ana , 
I l linoi s ,  and I owa 

( l )  ( 2 )  
Percent Amenable Percent 
to Conse r v a t i on in Conse r v a t i o n  
T i l lage T i llage , 1 9 7 9  

O h i o  4 7 . 5  8 . 0 
I nd iana 5 3 . 4  2 2 . 8  
I l l i no i s  6 5 . 9  2 8 . 0  
Iowa 76 . 4  3 8 . 9  

SOURCES : Column ( l ) : Cosper 1 9 7 9 . Land i s  " t i l lable acres , •  and 
for each state i s  a lmos t exac t ly the s ame as the sum of c r opland and 
pasture a s  r epor ted i n  USDA , Soi l  Conservat ion Serv ice 197 7 . Column 
( 2 ) : Anonymous 1 9 7 9 . 
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i . e . , the South , Southeast , Southwest , and Mountai n 
areas . S ince much of the expans ion of cropland and crop 
produc t ion , and thus fer t i l i zation , will occur in the 
Southeast , thi s  area may feel the s trongest impact .  

The trend toward conservat ion t i l lage will  be dr ive n 
by the cost of energy and the neces s i ty to conserve soil 
resources . As a result , tractor fue l  and labor need s for 
ag r iculture may be reduced , and new equ ipment may evolve 
des ig ned to replace trac tor s  now in use . More herbic ide s 
will be requ i r ed ,  but emphas i s  on preemergent mater ials 
will dec l ine as more select ive postemergent treatment s  
are d eveloped . Incr eas ing use of sur face mulches-
includ ing plast ics-- in i r r igated areas should help 
conserve water as well as reduce the need for t illage for 
crops of h igh value , par t icular ly in the Wes t .  Di scovery 
of a l lelopath ic attr ibutes i n  several mulches of cereal 
gra ins may provide an add i tional d imens ion to no-til l 
systems . Proper ly dess icated , the mulches of these crops 
can greatly reduce weed populations through release of 
phytotox ic compounds . Good management of cover crops in  
conj unct ion with no-till  culture may become an impor tan t 
and pract ical means of controlling weeds as well as 
conserving water , soi l , and energy . Thus there ar e 
emerg ing production practices that could reduce the need 
for herbic ides currently proj ected to accompany the trend 
toward conservat ion t il lage . 

Control of Eros ion 

The use of contour farming had been increas ing as an 
eros ion control prac t ice , but between 1964 and 19 69  i t  
dec l i ned by about 2 5  percent ( Development Planning and 
Research Assoc iates 197 8 ) . Since 1969 it has declined 
even fur ther . Yet in add it ion to reduc ing soi l  losses , 
contour farming can r educe runoff of n i trates and 
phosphorous , as well as pes t i c ide residues , into sur face 
water s . I t  i s  l i kely that the need to con trol nonpoin t 
sources o f  water pollut ion will  s timulate increased 
retur n to contour farming . 

Use of ter races or soi l embankments to control erosion 
and d iver t or s tore surface runof f  will increase s l ightly , 
par t icula r ly on moderate to s teep s lopes . Grassing of 
wate rways that carry surface wate r from croplands would 
promote water inf iltrat ion , reduce eros ion , and help 
reduce sediment loads in streams . 
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Spr ing plow ing i s  a pract ice that should become mor e 
prevalent and replace fall plowing to some exten t .  
Plowing croplands i n  spr ing rather than fall can reduc e 
soil loss in most areas by 10 to 2 0  percent by allowing 
crop res idues to remain on the land through the winter . 

Reduc ing the d istance between rows of seeded crops can 
reduce eros ion by increas ing the area of soil  stab i l i zed 
by plant root systems and r educ ing the area of bare g round 
between rows . Currently , the use of nar row rows , wh ich 
increases y ields per hectare , is more prevalent in corn 
( 2 5  percent ) than in other crops , but adopt ion of the 
prac t ice is expected to increase . 

Plant ing winter cover crops could reduce soi l eros ion , 
part icularly in areas where fall plowing is prevalent . 
I t  would also enable farmer s to take a second crop from 
the land for l i ttle add it ional cost . 

I r r igat ion and Drainage Pract ice s  

Factors that can inf luence dec is ions regard ing the type 
of i r r igat ion pract ice adopted inc lude the source and 
qual i ty of water , and the cost of deliver ing and 
d i str ibut ing it , crop requirements , topog raphy , and 
d r a inage cond i t ions . The over r id ing trend in i r r igat ion 
is towar d  greater eff ic iency in the appl icat ion and use 
of  water through improved pract ices and conse rvat ion . 
Fa ll ing water tables , increas ing energy costs , and 
competit ion from nonag r icultural users are forc ing these 
changes . The tr end appear s to be away from furrow , 
basin , and cor rugation i r r igat ion and toward more 
spr inkler and d r ip i r r igat ion , although some increased 
e f f ic ienc ies in use of water through furrow i r r igat ion 
seem poss i ble with new land- leve l ing techniques and othe r 
pract ices . 

I n  1969 about half the cropland i r r igated was 
i r r igated by fur row methods . Average water use w i t h  
f ur row i r r igat ion was s l ightly more than 0 . 61 ha-m per 
hectar e ( 2  acre-ft per acre ) .  The e f f iciency of th i s  
method was 3 5  percent ( Deve lopment Planning and Research 
Assoc iates 19 7 8 ) . Improved land g r ad ing , better t iming 
o f  appl icat ion , and other prac t ices can reduce water use 
by 40 percent , thus reduc ing sed iment and runof f  
pollutants as wel l .  The sal inity is g reater w i t h  fur row 
i r r igat ion , and improved grad ing may increase n i trate 
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penetrat ion into g round water . Any form o f  i r r igat ion 
tends to increase n i trate concentrat ions in water . 
Carefu l t iming of appl ication and control of amoun t 
appl ied can reduce n i tr ate penetrat ion . 

Aga i n  i n  1969 , near ly 2 0  percent of hectares irr igated 
were spr inkled ; the average water applicat ion was about 
0 . 4  ha-m per hectare ( 1 . 3 9 ac re-ft per acr e ) , and the 
effic i ency of water use was S O  to 60 percent . Spr inkling 
results in less loss of  soi l , reduced runoff of pes t ic ide s 
and nutr ients , less ground-water pollut ion , and less soi l 
sal in i ty . However ,  i f  h ighly sal ine wate r is  used , 
spr in k l ing can leave tox ic and often lethal depos i ts on 
plant sur faces . 

Dr i p  i r r igat ion i s  a system par t icular ly wel l  adapted 
to cer tain perenn ial crops . Dr ip i r r igat ion oper ates 
with less energy i f  water is pumped f rom a s ign i f icant 
depth , and , i n  add i t ion , it a lmost el iminates soi l runof f 
and excess ively deep percolat ion . The method may , 
however ,  concentr ate salts i f  the water source contain s 
d issolved salts . 

I t  is  est imated that profess ional soi l-plant-water 
manager s or consu ltants can r educe water appl ication by 
10 percent through more careful schedul ing and 
appl ication . But only 1 percent of the farmers who 
i r r ig ate employ profess ional help . I f  use of profess iona l 
ass is tance increases , as i t  is l i kely to as costs r ise ,  
r uno f f  and sal i n i ty bu i ldup in sur face and g round water 
should fall . Lin ing of sur face d i tches can reduce water 
loss e s  by an est imated 2 0  percent , s ince much is lost in 
convey ing the water to and from the f ields . 

Dra inage of wet soi ls has long been pract iced in both 
irr igated and non i r r igated areas . Subsur face drainage of 
wet a reas increased mar kedly dur ing the 1970s  for a 
numbe r of reasons , includ ing the needs to crop wet land s  
and cer ta in other wet soi ls for increased product ion , to 
ass i s t  in f lush ing salts to attain a ba�ance tolerable by 
plants , to mit igate f lood ing i f  or when r a in followed 
irr igat ion , and to fac i l i tate ear l ier init iation o f  
cult ivat ion and later harvest .  Such drain ing was made 
more feas ible by the deve lopment of new mater ials , 
part icularly cor rugated per forated plast ic tubing , which 
has la rgely replaced c lay and concr ete t i les . Laser beam 
installat ion of tubing is be ing used to establ i sh the 
grade for dra inage systems so that flows are more eve n 
and cer tain . 
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Ag r icultural Chemical s 

Fer t i l i zers and pest ic ides are the most common of the 
mater ials usually refer red to as ag r icultural chemicals . 
Pestic ides can be subd ivided into such categor ies as 
her bic ides , insec t ic ides , fung ic ides , or mitic ides : othe r 
chemicals inc lude fumigants , defoliants , dess icants , and 
plant g rowth regulator s . 

For more than two decades now , fer t i l i zer has been one 
of the mos t impor tant inputs used by farmer s to increase 
food and f iber product ion . Without increas ing amounts of 
n i trogen , phosphate , and potash there is no way that , 
g iven the current s tate of management pract ices , genetic 
understand ing , and other technology , u.s . farme r s  could 
have produced as they have . Total fer t i l i zer use in the 
Un i ted States in the past  2 0  years  has tr ipled , growing 
from less than 7 m i l l ion metr ic tons of plant nutr ients 
to about 2 0 . 3  million metr ic tons (Table S-3 ) . The 
largest increase has been in n i trogen , up f rom 2 . 5  
million metr ic tons to near ly 10  million metr ic tons--an 
i ncrease of approximately 300 percent .  Use of phosphate 
increased over 100  percent ,  from 2 . 3 3  million metr ic tons 
to 5 . 0 3 m ill ion metr ic tons . Use of potash increased 
nearly 2 0 0  percent , from 1 . 9 5  million metr ic tons to 
a bout 6 million metr ic tons . Most of these increases 
occur red dur ing the 1960s , when total use of plant 

TABLE 5-3 Total Consumpt ion of Fer t i l i zer P lant 
Nutr ients , United States , 1960-1979  (million metr i c 
tons plant nutr ients )  

N P2 0s �0 Tota l  

1 9 6 0  2 . 4  2 . 3  2 . 0  6 . 8  
1 9 7 0  6 . 8  4 . 2  3 . 7  1 4 . 6  
1 9 7 1  7 . 4  4 . 4  3 . 8  15 . 6  
19 7 2  7 . 3  4 . 4  3 . 9  1 5 . 6  
1 9 7 3  7 . 5  4 . 6  4 . 2  16 . 4  
1 9 7 4  8 . 3  4 . 6  4 . 6  17 . 6  
1 9 7 5  7 . 8  4 . 1  4 . 0  1 5 . 9  
1 9 7 6  9 . 4 4 . 7  4 . 7  18 . 9  
1 9 7 7  9 . 7  5 . 1  5 . 3  20 . 1  
19 7 8  9 . 0  4 . 6  5 . 0  18 . 7 
1 9 7 9  9 . 7  5 . 0  5 . 6  2 0 . 3  

SOURCE :  Adapted f rom B r idges 1 9 7 9 . 
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nut r ients increased by mo r e  than 100 percent o r  8 millio n  
metr ic tons . Thus the annual rate of increase o n  a 
compounded annual bas is was about 8 percent . Dur ing thi s 
per iod , use of n i trogen increased on an annual compounded 
r at e  of about 10 percent ,  wh i le increases of phosphate 
a nd potash amounted to about 6 . 0  and 6 . 5  percent , 
r e spec t ively . 

Use of fer t i l i zer cont inued to increase in the 1970s , 
but at a s lower rate . Total use increased by about 6 
m i l l ion met r ic tons from 1970 to 1979 , less than 4 
per cent on a compounded annual bas i s . About half thi s 
i ncrease was in n itrogen , w i th another third of the 
i nc r ease in potash , and a gain of les s  than 1 million 
m e t r i c  tons i n  phosphate . These lower rates of increase 
suggest that use of fer t i l i zer has reached a mor e mature 
s t age i n  some areas and for  some pr inc ipal crops . 

Use of fer t i lizer has increased in  almos t al l 
g eog r aph ic areas dur ing the past two decades , but much 
more i n  some areas than i n  othe r s  (Table S-4 ) . Generally , 
i n g eog raphic areas where fer t i l i zer use has long been a 
common practice , increases were smaller . As a result ,  
a lthough total fer t i l i zer use has increased , these areas 
now consume a smaller share  of the total market than they 
d id i n  1960 . For example , the Atlan t ic Coast s tates , an 
a r e a  of comparatively long-standing use , decreased its 
share o f  the mar ket by almost 14 percent , while the Nor th 
Cent ral s tates , an area of comparat ively recent use , 
i nc r eased i ts share by almost 2 0  percent . The trend 
towar d  increased fer t i l i zer use may wel l  be approaching 
matur i ty ,  and , although i ncrease s in  absolute amounts 
used in the futur e are expected , the rate of increase i s  
ce r t a inly lower than that of the past . There i s  st ill 
potent ial for substantial increase in  fer t i l i zer 
appl ications on a t  least two maj or u.s. f ield crops . 
Only two th irds of the wheat acreage and less than hal f 
the s oybeans are be ing fer t i l i zed . I f  increases in these 
expo r t crops mater ial i ze , fer t i l i zer  use would increase . 

I t i s  l ikely that the future will  see changes in  
methods of fer t i l i ze r  applicat ion , br ing ing greate r 
e f f ic iency in use as a r esponse to h igher pr ices . For 
example , when liquid fer t i l i zer i s  sprayed d i rectly on 
the leaves , it is used more e f f ic iently by the plant . 
Twenty percent of all fer t i l i zer is appl ied in l iqu id 
f orm now , but more i s  expected to be appl ied th i s way in 
the futur e . Apply ing fer t i l i ze r  in i r r igat ion water i s  
a lso a more e f f ic ient method than applicat ion on the 
g round , although one drawbac k is the runof f of nutr ient s 
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TABLE 5-4 Chang ing Reg ional Use of Total P lant Nutr ients in the Un ited States , 
1960 , 1970 , and 1 9 7 9  ( 1 0 0 0  metr ic tons plant nutr ient s )  

1960 1 9 7 0  1979  
19 60 197 0 19 7 9  ( pe rcent of total )  

New Eng land 111  114 110 1 . 6  0 . 8 0 . 5  
Middle Atlan t ic 513  662  7 4 7  7 . 6  4 . 5  3 . 7  
South Atlant ic 1 , 370  1 , 8 88  2 , 2 92  20 . 2  12 . 9 11 . 3  
East-North 

Central 1 , 549  3 , 59 5  5 , 522  2 2 . 9 24 . 6  27 . 2  Q) 
West-North N 

Central 1 , 0 66 4 , 0 35 6 , 2 13 1 5 . 7  27 . 7  30 . 6  
East-South 

Central 787 1 , 09 8  1 , 4 0 9  1 1 . 6  7 . 5 6 . 9 
West-South 

Central 548  1 , 6 14  1 , 9 4 8  8 . 1  1 1 . 1  9 . 6 
Mounta in  States 2 0 7 57 5 7 7 1  3 . 1  3 . 9  3 . 8  
P ac i f ic States 518  8 8 5  1 , 136  7 . 7  6 . 1 5 . 6  
Othe r s  10 3 112  172  1 . 5 0 . 9  0 . 8  

TOTAL 6 , 7 7 2  1 4 , 57 8  20 , 3 2 0  100 . 0  10 0 . 0  10 0 . 0  

SOURCE : Adapted from Hargett and Beray 1979 . 
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i n  tai lwa te r s . Apply ing fer t i l i zer in the fall requ i re s 
greater quantities appl ied more frequently because of the 
runoff and leach ing that occur s  dur ing the winter . Abou t 
60 per cent of all cropland receives only one applicat ion 
of fer t i l i zer . There is general ag reement that sever a l  
small appl icat ions are agronomically more s ig n i f icant 
than a s i ng le large one . Also if smaller amounts a r e  
appl i ed at one t ime ,  less r unof f  and leaching will 
occur . Aer ial applicat ion of fer t i l i zer i s  a pract ic e 
l ikely to increase , par t icularly in areas where soil 
compac t ion from heavy equ ipment i s  a problem or wher e  
f ield s  a r e  somet imes very wet . 

Mor e  than 4 5 0  mi ll ion metr ic tons of an imal waste wa s 
g ener a ted in feedlots in  1976 . As costs of chemical 
fer t i l i zer s increase , manur e  will  increase in impor tanc e 
as a fer t i l i zer . Manure appl icat ion dec reases runoff ,  
but i t  also incr eases n i trogen levels and organ ic 
mater ials in  the runoff . 

Pes t ic ide s 

I nformat ion on pestic ide use i s  generally inconsistent 
from year to year , over lapping and dupl icat ive in 
categor ies , and incompletely r epor ted . The only 
histo r ical data ava ilable on which trends can be based 
are the USDA r eports on farmer s '  use of pest ic ides . 
Es t i mates are that tota l use of pes t ic ide s on all  crop s  
inc r eased 4 0  percent between 197 1 and 1 9 7 6  (USDA 197 8 ) . 
Her b i c ide use increased over 7 5  percent in the same 
per i od ,  mainly because of increased appl icat ions to maj or 
cr ops , par t icula r ly corn , cotton , and tobacco . He rbic ides 
are be ing used pr imar i ly to reduce labor needed for weed 
cont rol .  Conservat ion t i llage also necessitates the 
appl icat ion of about twice as much her�ic ide but he lps 
reduce soi l  eros ion (USDA 197 5 ) . \ 

Use of pes t ic ides var ies widely by crop .  For example , 
in 1 9 7 6  corn used nearly 9 5  thousand me�r ic tons of 
her b ic ide , or more than 5 0  percent of ai l herbic ides ; 
cotton used about 3 0  thousand metr ic tons of insec t ic ides , 
or 4 0  percent of all insec t ic ides ; and f r u i ts and 
vege table s used a lmost 16 thousand metr ic tons o f  
f ung ic ides , o r  81  percent of a l l  fung ic ides . 

Pes t ic ide use also var ies reg ionally (Table 5-S ) , i n  
pa r t  because o f  reg ional d if ferences whe re crops are 
grown . Southeast and Delta subreg ion states in 19 7 6  use d 
half of all insectic ides , because these areas are heavy 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


8 4  

TABLE S - 5  Quant i t ies o f  Pestic ides by Type o f  Pest 
Control ,  by Reg ion i n  the United S tates in 197 1 and 197 6 
( metr ic tons)  

I nsec t i c ide�' Her b ic ide!> Fung ic idec 

1 9 7 1  1 9 7 6  1 9 7 1  1 9 7 6  1 9 7 1  197 6 

Nor thea s t  2 , 4 8 8  1 , 17 9  5 , 3 8 9  5 , 8 4 1  4 , 3 6 2  2 

Nor th Cen t r a l  
Lake S tates 1 , 9 3 7  2 , 3 59 16 , 6 5 0  19 , 9 7 6  1 , 120 1 
Corn Be l t  8 , 3 5 7  7 , 1 3 9  3 7 , 0 2 1  7 0 , 4 3 4  2 , 4 0 3  7 
Nor the r n  P l a i n s  3 , 4 2 2  4 , 9 9 5  1 2 , 80 6  1 9 , 60 4  2 4 4  

South 
Appalach ian 4 , 52 1  4 , 3 3 1  5 , 6 9 2  14 , 4 2 5  6 , 3 7 7  5 8 9  
Southeas t  1 8 , 3 2 6  1 3 , 6 6 5  6 , 3 86 8 , 18 8  2 4 , 26 4  2 , 17 7  
Delta S tates 1 4 , 6 2 6  1 5 , 2 9 1  2 1 , 5 5 3  1 5 , 387 6 0 3  7 8  
Souther n  P l a i ns 8 , 3 7 6  5 , 8 7 1  2 1 , 5 5 3 6 , 5 3 4  3 , 5 1 5  8 1 7  

Wes t  
Mounta i n  2 , 4 5 4  2 , 0 5 9  4 , 7 6 5  3 , 8 4 2  2 , 4 10 1 
Pac i f ic 5 , 4 6 4  2 , 2 1 3  4 5 , 7 8 5  5 , 36 6  2 3 , 4 8 9  

TOTAL 6 9 , 9 7 1  5 9 , 1 0 3  1 6 7 , 112 169 , 59 1  6 8 , 7 8 8  3 , 6 72 

a Does not include petroleum . 
bDoes i nc lude petroleum . 
cDoes not i nc lude s u l f u r . 

SOURCE : Adapted f rom USDA 1 9 7 8 . 

producers of cotton , soybeans , tobacco , and peanuts . In 
1976 , more than 5 0  percent of all herbic ides was appl ied 
in the Corn Belt . And one thi rd of all fung i c ides u sed 
in 19 7 1  was appl ied in the Pac i f ic r eg ion , where f r u i t  
and vegetable production i s  extens ive . Reg iona l var iat ion 
is s tr i k ing and should be cons idered carefully in 
analy z i ng impacts on habitat . 

A large d i fference ex ists among crops i n  the percentage 
of acres rece iving pesticides 1 i . e . , near ly all  cotton 
and f r u i t  acreage receives pesticide treatment , whereas a 
small percentage of r ange land rece ive s treatment . 

The types of mater ial used have changed ove r the past 
decade , par tly in response to envi ronmental regulat ion 
but also to offset resistance . There has been a mar ked 
shift  away from organochlor ide insec t ic ides to organo
phosphate and carbamate insec t ic ides (USDA 1978 ) .  
Greater use of broad spectrum chemicals has resu lted i n  
i mpac ts on nontargeted spec ies . Among the advantages o f  
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pestic ides cur rently i n  use i s  that many of them are much 
more r ap idly deg r adable even though the initial tox ic ity 
to f ish and wild l i fe may be g reat . 

Expend i tures , in constant dollars , for pest ic ide s 
dur ing the last decade more than doubled while all farm 
expend itures rose only about 15 percent ( USDA , Economics , 
Stat i s t ics , and Cooperat ives Serv ice 1981 ) . Future rate 
of g rowth of farm pestic ide use in the Un i ted States i s  
expec ted to slow to about 1 percent per year . Actual 
manufacture and sale of these mater ials , however ,  will be 
greater because of nonagr icultural use and product ion for 
expor t .  Contr ibut ing to the slowdown in rate of use i s 
the expanded pract ice of integrated pest management . 
Integr a ted pest management pract ices have perhaps the 
greates t  potential for reduc ing pest ic ide use . Pheromones 
are used pr inc ipally to mon itor pes t  populat ions , but 
their  use in d irect control is st i ll under s tudy . Release 
of large numbers  of ster i le males has been used success 
f ully in  erad icat ion prog rams , but appears to have l i ttle 
use in management prog r ams . Release of insects that prey 
upon or paras itize  pes t spec ies has been used effect ively 
to reduce pes t  populat ions . An impor tant feature of mos t 
biolog ical controls i s  that  they are often spec ies 
spec i f ic ,  attack ing or exer t ing the i r  impact only on the 
undes i rable spec ies wi thout harming others . 

The increased demand for herbic ides and othe r 
pes t ic ides will mor e than offset reduct ions in use due to 
adopt ion of othe r pes t  control strateg ies . A small 
decl i ne in rate of growth of pestic ide use is  ant ic ipated , 
but total amounts will increase . I t  i s  also antic ipated 
that the use of plant growth regulators will  increase at 
a g r eate r rate than the use of othe r ag r icultural 
chemicals because of the i r  impor tant role in prevent ing 
postharvest deter iorat ion . 

Organic Farming 

Ther e  are d i fferent est imates of the potent ial fo r 
expanded use of organ ic ag r iculture . As with conservat ion 
t i l l age , there are var ious degrees of organ ic farming .  
I t r elies , insofar as poss ible , on c rop rotat ions , 
res idues , an imal manures , legumes , green manures , off-far m 
organic wastes , mechan ical cultivation , and biolog ical 
pes t  controls . Limi ted use or , in some cases , no use o f  
chem icals reduces o r  el iminates the poss ibility of 
envi ronmental contamination from insec t ic ides , fung ic ides , 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


86  

and herbic ides , wh ile reduced u s e  of h igh-stab i l ity 
fer til izers minimizes contaminat ion of g round water and 
runoff . A s ignif icant benef it  in the form of decreased 
soi l eros ion r esults from the greatly reduced use of 
moldboard plowing and the use of cove r crops in the 
rotat ions . On the other hand , totally organ ic sys tems 
can deplete soi l fer t i l i ty if no artif ic ial mater ials a r e 
added . Var ious technolog ies assoc iated with organ ic 
farming are expand ing , but the data are inadequate to 
evaluate the ir  potential impact ( USDA 198 0 ) . 

Technology and Mechan ization 

Cont inued improvements are expected in food , f iber , and 
feed cultivar s . Selective breed ing has increased the 
tolerance of var ious plants to cold , heat , drought , and 
salinity and has made it poss ible to expand areas wher e 
agr iculture can be economical . Product ion is now 
poss ible i n pr ev iously marg inal areas , and mult icropping 
can be done on some farms in reg ions where product ion 
pos s i b i l i t ies are l imi ted by shor t growing seasons , 
extreme temperatures , var iable rainfall , and adverse soi l  
and water cond i t ions . Fur the r increas ing the tolerance 
of  plants to salt is  an extremely impor tant advance in 
expand ing product ion poss i b i l i t ies and in mainta ining 
y ields in i r r igated reg ions , and genetic eng ineer ing will 
fur ther broaden the possibi l i t ies for adapt ing par t icula r 
plants to spec i f ic g rowing cond i t ions . 

Product ion ef f ic iency can increase but probably no t 
mar kedly i n  the next two decades . At some point in  the 
future , however ,  several avenues of current research a r e  
l i kely t o  provide the sc ient i f ic unders tand ing essen t i a l  
for a major increase . Breakthroughs in photosynthetic 
e f f ic iency ,  nutr ient uptake e f f ic iency , biolog ical 
n i trogen f ixation , genetic resistance to pests and 
d i seases , and greater sophist icat ion in man ipulat ing 
hormones and the i r  biochemical processes cou ld 
r evolut ion ize agr iculture . A comparable array of 
poss ibi l i t ies ex ists for an ima l agr iculture , with 
d i scover ies l i kely in improved breed ing ef f ic iency 
through shor te r breed ing cycles , feed convers ion 
e f f ic ienc ies , and d i sease control . Although such 
technolog ical advancements would not el iminate the nee d 
f or f er t i l i zer s and pes t ic ides , s ign i f icantly lower 
appl icat ions per hectare would be possible . 
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T h e  cos t  of energy and concern about soi l loss wil l 
a f f e c t  the types of  mach inery adopted by agr iculture in 
the f uture . Large machinery i s  not adaptable to smal l 
f arms or contoured land . I n  des igning tr actors and other 
motor i zed mach inery ,  the trend will  be toward reduc ing 
t he number of t imes the equ ipment must pass over the 
land . We ight reduct ion and fuel e f f iciency will  also be  
impo r tant c r i te r i a . Improvements in e f f ic iency , of 
cou r se , w i l l  also increase product ion and , at the same 
t ime , help to protec t and conserve our natural resources . 

Cropping Systems 

F u t u r e  c ropping systems can take several d irect ions . One 
i s  intens ive farm monoculture with poss ible double 
c r opp ing or intercropp ing and continued reg ional spec iali
z a t ion . Another i s greater reg iona l dive r s i f icat ion 
t h r ough introduct ion of new crops or plant var iet ies 
whe r e  comparat ive reg ional advantages sh i f t  because o f  
r is ing energy pr ices . A third poss ibility i s  i nd ividual 
f a r m  d iver s i f icat ion in  the form of  cash crops , forage , 
pasture , and l ivestock . I t  is l i kely that all three 
pat terns will  develop in the future , dependent pr imar i l y  
u po n  reg ion and s i ze of  farm . 

Monoculture will  continue where there are economies o f  
s i z e , where alternat ive crops are l imited , o r  where 
management s k i lls mus t be spec iali zed . Smaller farms ar e 
t he most l i kely cand idates for increased d ivers i f icat ion 
to pr ov ide year-round employment for the operator and 
s u f f i c ient product ion to gener ate an adequate income . I t  
i s  l i kely that relat ive changes i n  pr ice s of  produc t ion 
i nput s will  r esult in some r eg ional d ive r s i f icat ion . 

C r opping systems will  not be adopted by farmers in th e  
f uture  s imply on the basis  o f  per sonal preference , but as 
a r e sult of factor s ove r wh ich the individual farmer ha s 
l i t t le control ( see Chapter 3 ) . Mar ket developments will  
play a large role , par t icula r ly the cos t of bor rowing 
money and the nature and amount of commod i t ies demanded 
by import ing countr ies . Publ ic pol ic ies , too , will be 
i mpo r tant , espec ially as they re late to conservat ion and 
u s e  of  resources and agr icultural chemicals . The cos t of  
t he energy needed to tr ansport products to domest ic 
ma r kets w i l l  inf luence reg ional cropping patterns , and 
t echnolog ical development will  have a g reat influence on 
whe r e  crops can be produced and how they are processed 
a nd shipped . 
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RANGELAND MANAGEMENT PRACTICES 

Both publicly owned and pr ivate rangelands will be more 
intens ively managed as the i r  increas ing role in providing 
products for l ivestoc k  places added pressure on the land . 
Gr a z ing systems must be more carefully matched to s i te 
c apabi l i t ies in number s  of an imals , types and mixes of 
livestoc k  grazed , and t ime of graz ing 1 and graz ing mus t  
be integrated with pract ices t o  increase product ion from 
rangelands i f  the i r  carry ing capac ity is  to be enlarged . 

Est imates are that cont inuous graz ing was pract iced on 
8 5  percent of rangelands in 1970 , but the pract ice was 
expected to decrease ( Development Plann ing and Research 
Assoc i ates 19 7 8 ) . For thi s  to happen , restr icted or 
part-time graz ing must replace cont inuous graz ing . 
Protect ing the range from excess ive and unt imely grazing 
is impor tant i f  the quality of the range i s  to be 
improved . Seed ing of forage spec ie s on spec i f ic s ite s  
followed by careful management o f  the s i tes can make it  
poss i ble to remove livestoc k  per iod ically from a g ive n 
r ange land . This  integrated use of several graz ing s i tes 
can increase overall productiv ity mar kedly . 

S i tes for rangeland improvements and the treatments to 
be used mus t  be carefully selected . Removal of undes ir 
a ble woody vegetat ion followed by seed ing of des irable 
range plants should continue to be a popular range 
improvement pract ice . Brush w i l l  still  be removed mainly 
by chaining-- i f  fuel costs do not become excess ive--and 
by s t r ip appl icat ion of herbic ides . Carefully controlled 
bur n ing will  be used increas ing ly to remove woody 
vegetat ion , and the str ateg ic use of seed ing , fenc ing , 
and wate r i ng locat ions will  improve the d istr ibut ion o f  
g raz ing . 

G iven the economics of range l ivestock product ion and 
the ownership pattern of publ ic rangelands , i t  i s  unl i ke ly 
that necessary improvements will be made to them without 
government f inanc ial ass istance to pr ivate owner s  or the 
use of tax funds or subs id ies to users . 

FOREST MANAGEMENT PRACTICES 

Forest management pract ices have vary ing impacts on soi l , 
water , and wildl ife resources . Much of the harvestable 
t imber r esource i s  in  areas w i thout roads , and roads are 
essent ial to t imbe r harvest ing . Mos t of the roads s t i l l  
to b e  construc ted , at the rate of about 10 , 000  k m  per 
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year , w i l l  b e  i n  the West . A l l  permanent road 
cons t r uc t ion is expected to be completed by 2 0 3 0 . Once 
built , the road networ k must be maintained , and both 
construc t ion and maintenance have adverse effects on soi l  
and water quant ity and qual ity . 

Seedbed preparation by means of blades ,  rakes , or 
gouges wi l l  be used on much of the land conver ted from 
hardwoods to sof twoods i n  the South . These techniques 
cause ser ious eros ion problems on southern h ills and lead 
to load ing of streams w i th sed iment and nutr ients . 

P r e scr i bed burning i s  used to prepare the seedbed o r  
r emove undesi rable undergrowth and l itter and i s  currently 
be ing pract iced on about 5 m i l l ion ha , pr imar i ly in the 
South ( USDA , Forest Service 197 6 ) . The growth of legumes 
and other wild l i f e  food may be st imulated by the use of  
presc r ibed burning . When controlled , i t  does not have a 
sign i f icant impac t on soi l or water resources , but it  i s  
l i ke ly to decline a s  a prac t ice i n  some areas because of 
its e ffects on a i r  qual i ty as that i s  now controlled . 
The use of presc r i bed burn i ng may increase , however ,  
par t icular ly in Cal i fornia and the South , because o f  
deve lopments i n  the art  of smoke management ( Komarek 
19 8 1 ) . 

The use of chemical herbic ides i s  expected to increase 
as a means of remov ing undes irable hardwood or brush and 
weed spec ies from softwood forests . I n  many areas , such 
as the coastal plain of the South , many treatments migh t 
be made over a per iod of 100 year s to control the 
vegetat ion . These chemicals may be detr imental to many 
spec ies of wild l i fe because of the i r  e ffects on food 
plants (par t icular ly legumes ) and the insects that live 
on them . 

U se of chemical fert i l izers to st imulate t imber growth 
is a pract ice l i kely to increase , par t icular ly in the 
South where soi ls defic ient in phosphate are common , and 
where wetlands are l i kely to be conver ted to t imber 
product ion . The pract ice will  probably lead to i ncreased 
nutr ient load ing of streams . 

Logs must be removed from the forest before they have 
mar ket value , and the i r  transpor t from stump to road ha s 
often had adverse impac ts . Soils are somet imes heav i ly 
d i s turbed , increas ing eros ion even on f a i r ly level s i tes . 
Some mit igat ion of  these impacts will be accomplished in 
the futu r e  through more carefu l plann ing of harvests ,  
wh ich w i ll involve better control of the s i ze and shape 
of harvest units , proper locat ion of cutt ing units , and 
letter road placement . New equ ipment and techn iques will  
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a lso play a role . He l icopter s  and cables make i t  possible 
to r emove log s from remote areas or steep slopes without 
major d isrupt ion of soi ls , soi l  loss , or damage to water . 
Wher e  and when these techn iques are adopted will  depend 
on r e lat ive costs . 

I n  the future , greater use of t imber res idue i s  
expected . Of the approx imately 2 0  mill ion metric  tons o f  
logg ing res idues generated annually ,  50  percent i s  i n  the 
Pac i f ic Coast forests . Roundwood chip production 
i ncreased from near ly 70 thousand met r i c  tons to nearly 2 
m i l l ion metr ic tons between 1968  and 1972 . I n  the same 
per iod the use of u t i l i ty logs doubled . The potent ial 
ex ists  for furthe r increases in res idue recovery . Partia l 
r emoval of forest res idues reduces f i re hazard and 
provides bar r iers aga inst soi l  loss , but total remova l 
i ncreases the potent ial for so i l loss and would 
contr ibute to nutr ient loss . 

There i s  a trend toward mak ing use of smaller trees 
removed dur ing thinning operat ions , and the pract ice wi l l  
have increased by 2 0 10 . There will  a lso be less waste of 
hardwood s as the technology deve lops to make better use 
o f  this range of spec ies . 

C learcutt ing w i l l  increase in pract ice , par t icular ly 
i n  the South , where shor ter rotat ion per iods ( 1 5  year s 
for some spec ies ) are l ikely to be adopted . I f  done 
imprope r ly ,  clearcutting can cause heavy sed iment and 
nutr ient load ing . I f  done in sma ll or i r regular shaped 
areas , i t  can increase the d iver s i ty of w i ld l i fe habi ta t . 
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6 
Impacts of Agricultural Trends 
on Cropland and Pasture Habitats 

INTRODUCTION 

C roplands , the most intens ively managed of all agr i
cultural lands and the mos t  ubiqu itous habitat type , ar e 
d i st inctly d i f ferent from the other hab itat types 
d i scussed in this repor t . Croplands are unnatural areas 
conver ted by man from natural rangelands , forests , or 
wetlands . Even though cropland s  are no longer pr i s t i n e  
a reas , however ,  all b u t  the most intens ive ly manipulated 
are  capable of suppor t ing some wild l i fe . With prope r 
p lann ing , these w i ld l i fe populat ions can be d iver se and , 
in some instances , abundant . 

Croplands and Pasturelands as Wild l i fe Habitat 

On farmlands used pr imar i ly for crop and forag e 
product ion , the bas ic components of a wi ldl i fe hab i tat-
food , water , cover , and living space--must be present i n  
appropr iate prox imity and abundance in order t o  have a 
balanced ecosystem that will  suppor t wildl ife . The 
r emoval of any one component will result in ser ious 
deg r adat ion of the wildl ife habitat . The conve rs ion o f  
forage land to row crop product ion , for example , results 
i n  the los s of the liv ing space that many wildl ife 
spec ies requ ire for reproduct ion . Even though the 
rema in ing components of the habitat are of the best 
qual i ty ,  no new w i ld l i fe generat ions will be produced . 
Developing agr icultural management systems that 
i ncorporate all of the r equ i r ed habitat components is the 
challenge fac ing those who des ire  a d iver se , aesthet ically 
pleas ing , and healthy landscape i n  intensive ly farmed 
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reg ions . Aquatic habi tats on land used for ag r icultur e 
a r e  d iscussed in Chapters 9 through 1 1 .  

The u t i l i zat ion o f  pr ime agr icultural land s for suc h 
u se s  as hous ing and indus t r i al development wi l l  cont inue 
to result in the convers ion of less product ive lands to 
f armland and a fur ther decrease in  w i ld l i fe habitats . I f  
thi s  trend i s  to b e  minimi zed , a n  economically sound 
prog ram to retain or improve current wildlife habitats 
will  be requ ired . Few agr icultural management scheme s 
a r e  des igned with any intention to ma intain a habitat for 
wild l ife . I n  most cases the components of a w i ld l i fe 
hab i tat occur by acc ident in areas that are d i f f icult to 
t i l l ,  that are too wet , or whose inclus ion i n  f ie lds 
d evoted to row crops could not be achieved eff ic iently . 
The overall r eduction in  the number of farms , and the 
consequent increase i n  the i r  s ize , also influences the 
ava i labil ity of wild l i fe habi tats . I n  some areas of the 
nat ion , demograph ic changes have altered farm pract ices . 
Smal ler farms oper ated as a hobby or as a second vocat ion 
a re , in some instances , bene f ic ial to wildl i fe .  Max imum 
product ion i s  not stressed on these farms , some small 
a reas are not cult ivated , and the c ropping patterns are 
more mixed . All these characte r i s t ics  enhance the 
habitat for wildl i fe . Human populat ion sh ifts within the 
Un i ted States also influence how land areas are uti l i zed 
a nd what areas remain for the use of res ident and 
migr atory w i ld l i fe . Net emig ration from the nor theaster n 
s tates will  alter land use patterns in that par t of the 
nat ion , and as a result there  may be some improvement in 
h ab i tats through the abandonment of intens ive cropping 
and the use of former farms for retirement homes . High 
immigra t ion to the sunbelt , on the other hand , will 
reduce w i ld l i fe habi tats in  the Wes t  and the South ( se e 
Chapter 3 ) .  

I mpacts of I ntens ive Agr iculture 
on Wildl ife Habitat 

The agr icultural system is dr iven by many forces : 
economic , soc ial , po l i t ical , and internat ional . The s e  
forces have a n  impact on the ava i labi l i ty ,  d istr ibut ion , 
and qua l i ty of wild l ife hab i tats . Federal laws and 
r egulat ions heavi ly influence how land is u t i l i zed for 
crop produc t ion and pasture . These laws and regulat ion s 
g reatly affect the quant ity and qual i ty of wild l i fe 
habi tats . Crop suppor t programs and d i saste r payments , 
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for example , make marg inal ag r icultural areas su i tabl e 
for exploitat ion . Federal funds ava ilable for drainage, 
clear ing , and pasture improvement , wh ich result in 
expans ion of the areas devoted to agr icultural production ,  
also inf luence the amount of  avai lable w i ldlife habi tat . 
The r is ing costs of fos s i l  fuels , h igh interest rates , 
and reduced prof i t  marg ins all d ictate farming pract ice s 
t hat are as e f f ic ient as poss ible . But e f f ic ient , c lean 
farming is not conduc ive to the preservat ion of h igh
qual i ty w i ld l i fe habitats . Economic cons iderat ions 
d ictate not only ownership and cropping patterns but also 
t he day-to-day management dec is ions that affect wild l ife.  
Fall plowing i s  a good example of how wi ldl ife habitats 
a re r educed . Fall plowing not only severely reduces 
w i ldl ife habitats but also increases eros ion . As long a s  
l and use dec is ions a r e  dr iven by economic cons iderat ions , 
there will  be cont inued decreases i n  wild l i fe hab itats 
throughout areas devoted to croplands and pasture . 

Current and proj ected agr icultural trends generally 
point to add it ional hardsh ips for w i ldli fe ( see Chapter 
4 ) . Thi s  stems from a general v iew at all levels of 
management that w i ld l i fe is  a by-product of the land 
ins tead o f  a crop and that w i ld l i fe can survive withou t 
any cons iderat ion of ecolog ical pr inciples . Wild l i fe as 
a crop capable of generat ing income for the landowne r i s  
t herefore a concept that should b e  encouraged . 

Although i r r igation i s  expected to increase on farms 
e ast  of the Mississ ippi River , it is not known bow 
w ithdrawal of sur face and subsur face water s  w i l l  
i nf luence terrestr ial wild l i fe . Some of the most 
valuable remaining w i ldl ife habitats ex ist in r ipar i a n  
zones ( zones that inc lude the land , vegetat ion , and 
wi ldlife  assoc iated with bottomland& and r iver , stream , 
a nd lake banks ) .  I f  increased i r r igat ion requ ires more 
channe l i zat ion or reduces the ava i lab i l i ty of water for 
r ipar ian vegetat ion , these remain ing wi ld l i fe habitats 
are l i ke ly to be ser iously impai red ( see Chapter 9 ) .  

Perhaps one of the greatest external costs of 
ag r iculture i s  soi l  eros ion . Any decrease in  potentia l 
l and productivity results in lowered product ion of 
w i ldlife  a s  well . Many of the other external costs o f  
agr iculture , such a s  water salinization , ground-water 
deplet ion , wetland drainage , and deforestat ion also have 
d i rect negat ive impacts on w i ld l i fe and f ish .  Soi l  
eros ion results in decreased land productivity a s  well a s  
i ncreased s iltat ion o f  wetlands , streams , and r iver s  ( see 
Chapte r 4 ) . Any reduct ion in soi l eros ion will therefor e 
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bene f i t  w i ldl ife i n  d irec t  and ind i r ect ways . Cons ider a
t ion o f  long-term bene f i ts must be injected into manage
ment dec i s ion-mak ing , e i ther through subs idy payments o r 
legal requ i rements . 

Any i ncrease in the amount of arable land devoted to 
crop and pastur e and any increase i n  the intensity of  
agr icultural land use  will  i ncrease the number of 
confl icts pitting w i ld l i fe cons idered as pests aga ins t 
the product ion of agr icultural commod i t ies . As the costs 
of product ion i ncrease , landowner s  become less and less 
tolerant of even minor losses to ver tebrate and 
inver tebrate animals and weeds . As these con f l ict s 
ar ise , there w i l l  be i ncreased effort to control w i ldl i fe ,  
ultimately by el iminat ing the i r  habi tats . The remova l o f  
mar shlands , wh ich serve a s  both breed ing and roos t ing 
sites for blackbirds , results i n  the loss of habitat fo r 
a g reat d iver s i ty of other mar sh-dwell ing wildl i fe 
spec i e s . More intens ive development of certain crops , 
such a s  sunflower seeds for o i l  and prote in product ion , 
also b r i ng s about new confl icts between agr icultura l  
producers  and w i ldl ife . The expans ion of croplands and 
pasture�ands to more nor the r n  areas will result i n  other 
w i ld l i fe spec ies bei ng regarded as agr icultur al pests . 
As these problems are enhanced by more intense land 
management , and as reduct ion of wild l i fe habitats fur ther 
concentr ates the damage they cause to crops , producer s  
w i l l  become even less sympathe t ic to reta ining or 
prov iding wild l i fe hab i tats on or adj acent to the i r  lands . 

var ious scenar ios have been developed involving 
alter native choices in agr icultural management prac t ice s 
( see Chapter 5 ) . Some of these alternat ives could bene f i t 

wi ld l ife . Greater d iver s i ty in the k inds of crops planted 
on a reg ional bas is  would result in more d iverse land use 
patterns and create alternative habitats for wild l i fe . 
I f pr ac t ices such as intercropping or double cropping 
resu lted in more intens ive use on smaller land areas , th e 
r ema ining unused land could be developed for h igh-qual ity 
hab i tats . Whether thi s occurs  wi ll depend on economic 
and pol i t ical dec i s ions about exports of food and f iber 
and on farme r s ' dec i s ions on land use . As a general 
r ule , however ,  clean farming , larger f ields , control of 
weed and insect pests , and more intens ive cult ivat ion ar e 
detr imental to w i ldl ife habi tats . 

I f  r is ing energy pr ices compe l less use of larg e 
equipment and more labor intens ive pract ices , wild l i fe 
wi l l  bene f i t . Field s ize s will  be smaller , and ther e 
w i l l  be less potential destruct ion of such habi tats as 
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f encerows and lowland marshes . But if dec is ions are made 
that result in larger and larger equ ipment be ing used on 
l arger and larger f ie lds , there will  be a great reduct ion 
i n  the d iver s i ty and number s  of wild l ife spec ies . The 
r at ionale for choosing between these alternat ives , as 
d iverse as they are , is not wel l  understood and cannot b e  
pred icted . I f  g reater wild l i fe habitat d iver s i f icat ion 
could be brought about by economic or deliberate land us e 
dec is ions , croplands and pasture farming could enhance 
w i ldl i fe hab itats . 

Ecolog ical stud ies show that small and i solated 
hab itats are susceptible to wide var iat ion in emig rat ion , 
immigrat ion , and extirpat ion of wildl ife spec ies 
( S imbe r lof f 1976 ) . The preservat ion of wildl ife habitat s 
could be taken into account in crop and pasture management 
prac t ices , integrated pest  management prog rams , and land 
use dec i s ions , but this will  not happen unt i l  adequate 
sc ient ific  research is ava i lable to prov ide est imates o f  
t he costs and benef its o f  doing so , s ince economic 
dec i s ions are par amount in ag r icu lture . If expend iture s 
on agr icultural r esearch inc rease by 7 percent each year , 
it  is  est imated that product ion increases 1 . 2  percent pe r 
year . 

REGIONAL IMPACTS 

The Nor thea s t  

The total amount of land devoted t o  intens ive ag r icultural 
product ion in the Nor theast  i s  cons iderably less than i n  
other areas o f  the nat ion . As a consequence , emerg ing 
trends i n  agr iculture will  not affect wild l i fe hab i tats 
s ubstant ially . I f ,  for example , the current trend of 
reduc ing areas devoted to wheat and small grain production 
is  r ever sed , increased product ion wou ld reduce the amoun t  
o f  land that has become suitable for wild l i fe . There i s  
a trend toward more i ntens ive use of pasture and forage 
crops for beef cattle , da iry cattle , and sheep in  the 
Nor theast .  Further increases will  reduce the use of 
these land s  by such spec ies as deer , wild tur keys , an d 
o ther w i ldl i fe .  Some pract ices might improve w i ld l i fe 
habitats , such as the use of manure for fer t i l i zer . 
H igh- intens ity graz ing , on the other hand , results in  
increased eros ion and a reduct ion in r ipar ian habitats . 
An increase i n  sorghum and corn lands would cause a 
general reduction i n  habi tats . Soybean production 
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red uces fer t i l i zer  u s e  and provides summer food for some 
w ildl i fe spec ies . Reduced or conservat ion t i llage i s  
expected t o  increase in the Nor theast , but i t s  impact on 
w i ldl ife i s  not yet known . There could be both benef icial 
and detr imental effects . Herbic ides , insecticides , and 
f ung ic ides and the ir  degradat ion products could result in 
negative inf luences on soi l  organ isms , terrestr ial and 
aqu a t ic w i ldl ife , and f ish . 

I n tegrated pest management in the Nor theast could have 
both benef icial and detr imental effects . I f  such 
management provides oppor tun i t ies for intercropping or 
double cropping , the effect would be negative . If the 
r e s u l t  was less pest ic ide use , the effect could be 
bene f ic ial . 

The Nor theast i s  un ique because of i ts long h i s tory of 
subur ban development and the use of smal l  parcels of land 
for r es idences . Generally , these can be cons idered 
bene f ic i a l , s i nce habi tat d iver s i ty is enhanced . Smal l 
c lear ings are developed in  forested areas , and 
agr icultural land i s  taken out of production . Th e 
potential  for these changes to d isturb sens i t ive habi tats 
for endangered spec ies must be cons idered . 

The appl icat ion of fer t i l i zers might enhance w i ldl ife 
hab i tats i f  land is  not used intens ively for ag r iculture . 
Th e  u se of herbic ides on croplands and pasture , however ,  
i s  usually detr imental to w i ld l i fe hab itats . H igh huma n 
dens i ty in the Nor theast requ i res h igh rates of water use 
and reuse . Any increase in  i r r igat ion might cause 
d im i n ished stream f lows in the summer . The creat ion of 
water impoundments for wate r suppl ies could also 
adver sely affect wild l ife . 

A r eas that are already intens i ve ly managed for f r u i t  
a n d  vegetable produc t ion have l ittle va lue as wild l i f e  
habi tats , and any increase i n  the use of acreage for 
the s e  purposes will  have a d irec t  impact on w i ld l i fe . 
Con f i ned (dry lot ) da i ry farms will  also create local 
pol l ut ion problems . 

The Nor theast i s  a lso unique in that i t  i s  the maj or 
a r e a  in the Un ited States affected by ac id rain . How 
t h i s  env i ronmental problem w i l l  influence agr icultural 
trends and ter r estr ial wi ld l ife i s  not yet understood , 
but i ts effects on aquatic systems have been documented , 
and a r eduction i n  f ish d ive r s i ty and productivity i s 
e vident ( Loucks 1980 ) . I f  some spec ies of wildl ife are 
also h ighly sens i t ive to ac id rain , ser ious changes i n  
the  s tructure o f  the ecosystem may occur . The use of 
l i me in  ag r iculture for ac id soils  may have a bene f ic i a l 
e f fec t on w i ld l i fe that use croplands and pastures . 
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The Southea s t  

The land in the four s tates (Alabama , Flor ida , Georg ia , 
and South Carolina ) that make up the Southeas t  reg ion i s  
dominated by forests , wh ich grow o n  5 2 percent ( 2 6  million 
ha ) of the land in  the reg ion . Much of the land devoted 
to agr icultural crops ( 14 percent ,  or 7 . 1  mill ion ha ) is 
very intensively managed and is of l i ttle value as 
w i ldl ife habi tat .  Georg ia has the h ighest propor t ion of 
land in agr iculture , about 46 percent of the total 
ag r icultural land in the reg ion . Most of the i r r igated 
ac reage ( 6 8 8 , 00 0  ha ) is in Flor ida and is devoted to 
veg etable and fruit  produc t ion . As a result of rapid 
demog raph ic change--Flor ida ' s  popu lat ion increased by 
about 7 , 50 0  people a week between 1966 and 1977--there 
has been a s ignif icant conve r s ion of ag r icultural land to 
u r ban and industr ial uses . About 2 . 7  mill ion ha of land , 
about 5 . 4  percent of the tota l land area in  the four 
s tates , has been conver ted . In  Flor ida alone , 1 . 4 
mi llion ha of agr icultural land has been developed , and 
i n  Georg ia 567 , 0 0 0  ha . The d i rect impact of these land 
use changes on wild l ife habi tats is read i ly evident . 
Because of favorable c l imat ic cond it ions , cropland i s  
intens ive ly used through double cropping and i s  of l i ttl e 
value as wild l i fe habitat . As a result of both land 
conver s ion and the h ighly productive nature of the area , 
par t icular ly Flor ida , there has been accelerated 
conver s ion of bottomland hardwoods to crops and pasture .  
I n tens ive use of water has a lso inf luenced wild l i fe 
habi tats by reduc ing runof f and lower ing water tables . 
I n  some areas th is has resulted in intrus ion of sal ine 
water from the ocean and bays , fur ther alter ing habitats . 
These problems have inf luenced and will  cont inue to 
inf luence such unique wildl ife areas as the Everglades . 
The drainage of upland bogs ( pocosins ) for convers ion to 
crop or pas turelands , although not very great in terms of 
total acreage , will ser iously impover ish wildl ife 
habi tats i n  cer tain areas . The alteration of thes e 
h ighly d iverse and product ive areas will  also change 
water drainage patterns and increase pollut ion by 
agr icultural chemicals . 

I n tens i f i ed use of the 5 . 7 m i l l ion ha of pasture land 
( 11 percen t )  in the Southeast is d ictated by increas ing 
energy costs . Max imiz ing the product ion of forage and 
livestoc k  will be brought about by the use of leg umes and 
perennial grasses that need less water and fer t i lizer . 
More herbic ide s will be used for weed control , but mor e  
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intensive management o f  forage and pastureland s , as  w it h  
row c rops and fru i t ,  will  b e  detr imental t o  wild l i fe . 
Fur the r u r ban and industr ial development will increase 
the r a te of convers ion of natural habitats to agr icultural 
production and fur ther d iminish coastal and estuar ine 
habi tats . Row cropping in much of the Southeast has 
fr equently been done on small , i r regular ly shaped f ie lds , 
wh ich was bene f ic ial to wild l i fe because i t  increases 
land d iver s i ty .  Now that double cropping i s  poss ible , 
howeve r , these areas have become of less value to 
wi ld l i fe . Many of the lands used for ag r iculture in th e 
Southeas t are l ight and sandy , requi r ing irr igation and 
fe r t i l i zat ion whose h igh costs d ictate intens ive 
management to ach ieve h igh rates of return . Because of 
the c l imate and intens ive cropping , pest problems are 
mor e  severe and requ i r e  h igher frequency of  pesticide 
app l icat ion , another management pract ice that is 
d e t r imental to wildlife . 

Major agr icultural trends in the Sou theast in the next 
two decade s will  include fur the r loss of wild l i fe 
habi tats through the convers ion of bottomlands and bog s 
to croplands , changes in wetland habitats as a result of 
i r r igat ion , and increased use of herbic ides and 
insec t ic ides . The conver s ion of w i ld areas to pastur e 
f r equently leads to subsequent convers ion of pasture to 
fr u i t  or crop product ion . I n  some instances , however , 
h ig h  energy costs have forced the abandonment of pasture . 
The restoration of natural vegetation in these areas ha s 
been of bene f i t  to wildlife . 

B ecause the human impact on the land of the Southeast 
has been so rapid and so great , recommendations for th e 
r e tent ion or deve lopment of wi ldl i fe habitats should be 
car r ied out immed iately . Some land use planning prog ram s  
a r e u nder way , but much more needs to b e  accomplished i f  
wi ldl ife is  to remain a n  integral par t o f  the env i ronmen t 
o f  the Southeast .  

The Appalachian States 

The f ive Appalachian states ( Kentucky , Tennessee , Nor t h  
C a r o l ina ,  V irg in i a ,  and Wes t Virg in i a )  have extremely 
d i ve r se land use and habitat types , rang ing from coasta l 
mar shes to intens ive ly managed croplands to hardwood 
fore sts i n  the mountains . About 17 percent of the tota l 
land area i s  devoted to agr iculture , 5 6  percent to forest 
land , 15 percent to pasture land , and about 12  percent to 
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other uses . Crop types and cropping patterns var y 
cons ider ably , from large farm f ields in the coastal areas 
of North Carolina to small i r r egularly shaped f ields in 
t he h i lls and valleys of the Appalach ians to intens ively 
cropped areas i n  western Kentucky and Tennessee . Majo r  

I 
crops include cotton , tobacco , soybeans , sorghum , and 
corn . Ove r the las t 6 to 10 year s the number of farms in  
Appalachia has  decreased about 4 percent per year . The 
total amount of land used for farming has decreased abou t 
1 percent per year , but the area in  cropland has increased 
by over 4 percent per year . Pastureland has decreased 
about 0 . 4  percent per year , and nonfederal forest areas 
have decreased about 1 . 4  percent per yea r . Pastureland s 
a r e  more var iable than croplands , and small semiwooded or 
lowland areas are often used for pasture . Some area s a t  
h igher e levat ions support small herds , and because of 
favorable rainfall some very intensive pasture and forag e 
management programs are present in these areas . The 
benefits  to wi ldlife from pas ture lands depend on the 
i nten s i ty of grazing or mowing and the spec ies of forage 
plants grown . 

Most of the increases in cropland have resulted from 
the d iver s ion of land previously devoted to othe r use s 
and f rom the c lear ing of forest lands and drainage of 
wetlands . In  the decade 1969-19 7 9 , forest land in Nor t h  
C arol ina decreased by 8 . 1  m i l l ion ha . These land use 
changes are generally detr imenta l to wi ldlife populat ions , 
a lthough they can also result in changes in the wild l i fe 
spec ies present that may be enhanced i f  the new land use 
is not intens ive , the f ields are small , and the use of 
chemicals is limited . The reduct ion in forest areas in 
Nor th Carolina has had a par t icularly s trong impact on 
such forest-dwelling wild l i fe as black bear . 

There has been a s ignif icant dec l ine in the land 
planted in cotton in the Appalach ian reg ion with a 
r eduction of nearly 5 2  percent between 1969 and 1979 . 
Th is  has been bene f icial to wildlife  because alternat i v e  
u ses ( such as soybean product ion ) requ ire less extens ive 
use of insectic ides and the d i rec t  impac t on wi ldlife  i s  
r educed . The subs t i tut ion o f  alternat ive crops , however ,  
has not mater ially improved the availab i l i ty of wild l i f e  
habitats . One o f  the most dramat ic increases i n  crop 
types has been in soybeans . P r ior to 1960  th i s  crop wa s 
of l i ttle s ignif icance in the reg ion , but by 1979 i t  was 
the mos t impor tant crop i n  terms of  area . The total area 
d evoted to soybean product ion increased about 120 percent , 
or about 1 . 5  million ha , between the years 1969  and 1979 . 
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The s t a t e  most af fected was Kentucky , where soybea n 
acr eage i ncreased from 2 0 0 , 00 0  ha to 70 0 , 00 0  ha between 
19 6 9  and 1979 . Much of thi s  land was former ly cotton 
land or forest and bottomlands . Generally , this change 
has had a negat ive inf luence on wildl ife hab itats and ha s 
g rea t ly i ncreased eros ion . Some spec ies , such as bobwhi te 
qua i l , do use soybeans as a h ighly nutr i t iou s food source , 
but t he removal of permanent grasslands , lowlands , and 
forested areas has gene rally had a detr imental effect on 
wild l i fe .  Qua i l  and rabbit  populat ions have dec l ined , 
both as a result of conver s ion of land to row crops a s  
well a s  a n  increase in the intens i ty of pasture manage
ment ,  chiefly the monoculture of fescues . The increased 
i ntensity of graz ing by domestic animals on both managed 
pasture and forested slopes has increased eros ion 
problems , and the removal of hawthorn shrubs in many 
areas to increase the value of land for graz ing has 
f ur ther reduced the quali ty of many potent ial w i ldli fe 
s i te s . Graz ing i n  or near forested areas subj ects 
l ives toc k to attacks from predators , and in 1980  West 
Virg i n i a  paid $4 1 , 0 0 0  for damages to l ive stock , pr imar i l y  
a s  a result o f  attacks by bear s .  Blac k bears also 
occas ionally damage commerc ial beeh ives . 

F i e ld s i ze has also increased in the Appalachian 
reg i on , caus ing the removal of fencerows and other str ip s 
o f  vegetat ive cover between f ields that previously served 
as w i ldlife habi tats . Fall plowing , another practice 
w i th negat ive effects on wildlife , is  also common . 
Conservat ion t illage i s  expected to increase in the 
r eg i on , however ,  and there may be some resultant bene f i ts 
to w i ldl ife i n  the form of add it ional winter food and 
c over . Dra inage of upland bog s  in Nor th Carolina has 
been extens ive , and only about 2 0  percent of the more 
than 8 9 0 , 0 0 0  ha of bog s in the state remain intac t .  
These h igh-quality habitats a r e  impor tant t o  a number o f  
w i ld l i fe spec ies , par t icula r ly black bear . On the other 
hand , wh i te-tai led deer have thr ived in North Carolina , 
and c rop damage from deer has been repor ted . In 1977  at 
lea s t  170 0  deer were k i l led by farmers  under a permit 
sys tem . 

I n  the western par t of the Appalach ian reg ion , about 
37 percent of the bottomland hardwood in the lower 
M i ss i ss ippi alluvial pla in has been removed . In par ts of 
wes tern Tennessee the increased leve l of ag r icultural 
oper a tions on upland areas has caused such severe eros ion 
and s iltat ion that by 1980 an est imated 3 2 , 00 0  ha of 
pr ime bottomland hardwoods had been destroyed by 
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s i ltat ion and stand ing water . In the Ob ion-For ked Dee r 
R i ver Basin of wes tern Tennessee the amount of cleared 
land inc reased by 2 4  percent from 1960 to 19 7 1 . 
Bottomland hardwoods decreased by 2 8  percent , wh ile 
forested swamps and shrub swamps increased by 43 and 8 5  
percen t ,  respectively . Land c lear ing for row crop 
product ion ( soybean area mor e  than doubled in Tennessee ) 
c an have severe impac ts on all types of habitats . 

Federally suppor ted drainage and channe l i zation 
p ro j ec ts in Appalachi a  will fur ther reduce wi ldlife  
habitats . In Tennessee alone , about 1200  km  of streams 
and r ivers are schedu led for channe l i zation .  Some 
bene f i t  to wildlife results from the construct ion of farm 
ponds , however .  About 3 4 0 , 0 0 0  ponds have been bu i l t  in 
the reg ion , creat ing near ly 8 1 , 00 0  ha of aquatic habitat . 
Pond edges , i f  they are not grazed by l ivestock , can 
provide habi tats for a var iety of wi ld l i fe spec ies . 

The area devoted to ag r iculture in the Appalachi an 
reg ion will  cont inue to increase and to be intens ively 
managed for row crop product ion . For tunately , from the 
standpoint of maintenance of wi ldl ife hab i tats , much of 
t he r eg ion is heav i ly forested and too steep for modern 
agr icu ltu ral methods . 

The Lake S tates and the Corn Belt 

The Lake States of Minnesota , Wiscons in , and Michigan and 
the Corn Belt s tates of Iowa , Missour i ,  I l l inois , 
Ind iana , and Ohio contain some of the most productiv e 
agr icultural lands in the Un i ted States and are some of 
the most intens ively used areas for farming . The h ig h  
productivity o f  agr icultural land i n  thi s  reg ion also 
makes i t  one of the most productive r eg ions for wild l i f e  
a s  well . The area i s  extremely d iver se J the nor thern 
areas are heavi ly forested , wh i le the Corn Belt  land s ar e 
i ntens ively cropped . Some of the largest deer herds in 
the nat ion occur in the Lake States and are h ighly 
impor tant to the economy of these states . The southern 
states of the reg ion once had some of the largest 
pheasant and qua i l  populat ions in the nat ion , but the 
loss of habitat through more intens ive agr icultural 
product ion and urban and industr ial encroachment has 
reduced these populations in mos t  of the Cor n Bel t 
s tates . About 4 7  percent of the land in the reg ion i s  
devoted t o  crops , 11 percent t o  pasture , and 2 3  percent 
to forests . The Lake S tates have sl ightly more than 
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twice as much forested land as the Corn Belt , 3 5  percent 
as compar ed to 15 percent . About 4 percent of the 
cropland in this r eg ion was conver ted to other uses 
dur ing the per iod 1967 and 1977 . 

The harmful effects of h ighly mechan ized and more 
intens ive agr icultural product ion on wi ldl ife have bee n 
evident in  the reg ion for nearly 3 0  years . Early in the 
century , however ,  ag r icultural product ion somet imes 
resul ted in greater d iver s i ty . Prair ie grouse , for 
instance , initially thr ived as a result of ag r icultur a l  
development . Burger ( 1978 ) has presented a very well 
documented and well wr i tten review of these events in  a 
chapter entitled •Agr iculture and Wildlife•  in the book 
Wildlife and Amer ica . Among othe r th ings , he c i tes 
wild l i fe losses on an area in Jasper County , I l l inois , 
where pr a i r ie chickens wer e  completely el iminated , 
bobwh i te quail  declined by 7 8 percent , and cottontail 
rabbits  decreased by 9 6  percent between 193 9  and 19 74 . 

Eros ion i s  a very ser ious problem in the Corn Belt and 
the Lake S tates . Th i s  loss of topsoil  ser iously affec t s  
c rop produc t ion a s  well  a s  the quality o f  wild l i fe 
habitats . The est imated soi l  loss for the total Un ite d 
States in  1975  was over 2 . 7 b i ll ion metr ic tons ( 3  
bill ion tons ) ,  o r  about 2 0  metr ic tons ( 2 2  tons ) pe r 
hectare . I n  Iowa alone , one of the most produc t ive of 
the Cor n Belt states , over 180 million metr ic tons ( 2 0 0  
mill ion tons ) of soi l i s  lost each year . Th is  soi l  
cannot b e  replaced for severa l  generat ions ( Brown 19 8 1 )  • 

Decl ines in agr icultural production result from depleted 
topsoi l ,  and any improvement of soi l  husbandry that 
reduced eros ion would also improve wild l i fe habitats . 
Crop cover dur ing the winter , retent ion of crop res idues , 
reduct ions in  graz ing in r ipar ian zones , and cessat ion of 
fal l  plowing would all serve to enhance wild l i fe hab i tat s 
wh i le conserv ing soi l .  Long-term impacts shou ld be 
cons ider ed as well  as shor t-term prof its , even though th e 
reduc tion of soi l eros ion to tole rable levels may cost up 
to 3 t imes the amount of the immed iate economic benef i ts . 
These h igh costs prevent the average farmer or landowner 
from putting eros ion control pract ices i nto effect . The 
cho ice i s  bankruptcy in the shor t term or continued mining 
of the soi l unt i l  produc t iv i ty dec lines and the land mus t 
be abandoned . Some k ind of publ ic intervent ion i s  
necessary t o  reduce the intolerable levels o f  erosion 
that are occur r ing , not only in  the Corn Belt but 
thr oughout the world . 
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There shou ld b e  a decrease in  the amount of eros ion in 
t he Corn Belt s tates as a result of an increase in reduced 
or no-till  pract ices . Min imum ti llage can maintain 
p roduc t ion whi le reduc ing tractor fuel use (Van Doren 
196 4 , Schwab et al . 1970 , Ec kert 1979 ) .  Most of th e 
lands sui table for these pract ices are corn , wheat , and 
soybean areas , wh ich predominate in  the Lake State s  and 
Corn Belt . Between 1978  and 1979 , the amount of land in 
minimum or no til lage increased about 4 percent in the 
Corn Belt but decreased in the Lake States by about 0 . 5  
percent . Iowa has the highest area in minimum t i llage or 
no t illage , about 4 0  percent of the cropland 7 about 7 5  
percent o f  the cropland i n  the state is  suitable for th is  
pract ice . Aside from the red uced eros ion as a result of 
min imum t i l lage or no-till practices , an added benef i t  
for w i ldlife would be the retent ion o f  cover on the land 
over the winter . About 5 1  percent of the active cropland 
i n Iowa i s  plowed in the fall , thus eliminat ing winter 
cover and food . Even i f  double cropping was coupled wi th  
m in imum t i llage , this  would r esult in a better winter 
habitat than bare soi l . The land subj ect to reduced 
t illage i s  expected to i ncrease by 5 0  percent by the year 
20 10 . 

One aspect of minimum t i l lage that has not been 
evaluated in terms of its effects on wildl ife , however , 
i s  the increased use of fer t i l i zers , herbic ides , and 
insectic ides . Half of the total amount of herbic ide used 
i n  the Un ited States i s  appl ied i n  the Corn Belt . Between 
19 71  and 19 76  the total amount of herbic ide appl ied to 
corn land more than doubled , and total pesticide use 
dur ing that per iod increased by 40 percent . Although 
more shor t-lived organophosphorus insec t ic ides are now 
be ing used , some ef fec t  on wild l i fe can be expected at 
t he t ime of applicat ion . Fur thermore , the runoff of 
these chemical compounds will increase despite the use of  
m i n imum t illage because pestic ides are applied to the 
surface of the land and are not wor ked into the soi l  by 
p lowing . Pestic ide costs have more than doubled , so more 
eff icient and t imely use under integr ated pest managemen t 
( IPM) prog rams w i ll be bene f ic ial . Fer t i l i zer  use has 

also increased , and by 1990  the appl icat ion of n i trogen 
f e r t i l izers will i nclude 98 percent of the total area 
planted in corn , 8 0  percent of that planted in wheat , and 
2 5  percent of the land used to grow soybeans . 

Improved technolog ica l  developments will increase th e 
amount of i r r igated land in the Lake States and the Corn 
Belt . Land level ing ass isted by lasers , better drainage 
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systems , and advanced spr inkler and dr ip i r r igat ion 
systems will  be used to increase produc tion and enhance 
double-cropping pr actices . S ince i r r igation is mos t 
su i table for large landhold ings , wildlife habitats will 
be e l im inated to permit these intens ive management 
procedures . More fencerows and more small wooded areas 
wi l l  be r emoved for the installat ion of i r r igation 
systems . 

D ivers i f ication of some small farms will occur ,  but 
la rger farms wi ll continue to be sing le-crop farms 
r a is ing corn , soybeans , or wheat . Improved harvesting 
equ ipment will reduc e  the amount of waste grain avai labl e 
to w i ld l i fe , but a reduct ion in fall plowing lead ing to 
mor e  weed seeds for wi ldl ife d iets may balance out th i s  
d etr imental effect . 

I n  summary ,  wildlife habitats throughout the Lake 
State s  and Corn Belt will be reduced by a number o f  
agr icultural trends , includ ing increased land drainage , 
improved land-leveling systems , larger fields , and 
r educt ions in fencerows and woodlots in order to increase 
i r r igation . The value of r ipar ian zones will  be reduced 
by i ncreased water use and increased l ivestoc k  graz ing . 
Coupled with this reduction in habi tats will be increased 
pe s t ic ide use , espec ially herbic ides . Some bene f i ts may 
accrue to wildl ife through the use of minimum t i llage or 
no- t i l l  farming and a r educt ion in fall plowing . There 
i s  l i ttle information avai lable conce rning the prospects 
for integ rat ing wild l i fe habitat management with modern 
ag r icultur al pr act ices , pa r t icular ly from a cost-benef i t  
s tandpoint . Unless thi s  informat ion can b e  developed , 
d i sseminated , and put into pract ice , e i the r through 
s ubs idy payments or other economic incent ives , the 
quant i ty and dive r s i ty of wi ldl ife throughout the Lak e 
S tates and Corn Belt w i ll cont inue to dec rease in the 
yea r s  ahead . 

Delta States 

Seve r e  losses in wildl ife habitats have occur red in th e 
t h r e e  Delta States of Ar kansas , Mississ ippi , and 
Lou i s iana through increased land c lear ing for 
ag r icultural purposes . The total increase in cropland 
between 1 9 3 7  and 19 7 7  was nearly 50 percent , and the 
amoun t  of land planted in soybeans increased more than 14 
times dur ing that per iod . The habitat type most heav i ly 
a f fec ted has been bottomland hardwoods ;  th i s  area has 
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decreased near ly 56  percent . About 2 3  percent o f  the 
total area of the Del ta S tates i s  in  cropland , and the 
percentage is increasing .  About 14 percent of the land 
i s  pasture , 4 5  percent is  for ested ( and is decreas ing ) , 
about 1 percent i s  in  range land , and the remain ing 4 0  
percent is in  u rban and industr ial uses . Dur ing the 
per iod 1967-19 7 7 , about 29 , 00 0  ha of pr ime cropland wa s 
conver ted to other uses . Mississ ippi lost the mos t  
ag r icultural land dur ing that per iod , near ly 2 9 , 00 0  h a  
per year . The total area devoted to i r r igated crops has 
increased in Ar kansas and Mississ ippi , but it has 
d ecreased in Lou i s iana . 

Dur ing the 4 0 -year per iod between 1937 and 197 7 ,  the 
percentag e  of bottomland hardwood decreased from 4 0  to 1 3  
percent i n  Ar kansas , 54  to 3 5  percent i n  Lou i s iana , and 
3 7  to 19 percent in Miss iss ippi . The r ate of reduc t ion 
has decreased in Ar kansas and Miss i ss ippi bu t  has 
increased in Lou i s iana . As in many other states , mos t o f  
t he remain ing area valuable for w i ldlife hab itats i s  
along the r ipar ian zones , inc lud ing the alluvial plain o f  
t he M iss i ss ippi  River . The three Delta S tates contain a 
total of 8 . 6  million ha of alluvial pla i n .  These are not 
only impor tant areas for many forms of res ident wildl i fe ;  
they a r e  crucial a s  habitats for migratory birds us ing 
the M ississ ippi Flyway . Cont inued reduct ion of this very 
impor tant type of hab i tat will have a ser ious impac t on 
cont inental water fowl popu lat ions . 

The los s of habitats through the conver s ion o f  
f loodpla in forests to agr icultural lands i s  a ser ious 
los s to wild l ife , and fur ther effects will result from 
t he h igh use of pestic ides on many crops in  this reg ion . 
Sl ightly more than 3 million ha was planted in  soybean s 
i n  1977 , and this  acreage i s  increas ing each year . Total 
pes t ic ide use on soybeans averages about 12 kg/ha ; the 
approx imate total use of pest ic ides on soybeans in the 
De lta states is abou t 36 million kg per year . In  19 8 0  
a lone , Lou i s i ana used 2 . 7 m i l l ion kg of pest ic ides to 
protec t its cotton crops . Some of these compounds ente r 
the ecosystem , where they accumulate and have subsequent 
detr imental effects on wi ld l i fe . The development of 
newer , less per s i s tent , and better-targeted spec i f ic 
compound s will reduce this hazard . The increased use o f  
f e r t i l i zers w i l l  also af fec t r unoff water , and the 
conver s ion of land has increased the rate of s i ltati o n  
and fur ther r educed h igh-qual ity habitats for aquat ic 
wildlife  and f ish . Because of favor able cl imate and 
r a infal l ,  the Delta S tates reg ion will continue to be 
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heavily a ffected by increased agr icultural deve lopment , 
and only a concer ted effor t will result in the retent ion 
of minimal wild l i fe habitats . 

The Northern Plains 

This reg ion of the Un i ted States  i s  and will continue t o  
be one o f  the areas mos t  heav i ly u t i l i zed for ag r iculture . 
Soil and cl imatic factors ensur e the su i tabi l i ty of 
virtually all of the reg ion for cropping or graz ing . 
Over hal f of the land avai lable for agr iculture i s  
cropland in North Dakota , South Dakota , Nebraska , and 
Kansas , and much of it is also grazed at some t ime of th e 
year . Near ly 4 5  percent of the land ava i lable i s  in  
pastureland and range land . Forests cover only about 1 
percent of the total land area of  the reg ion , but they 
are very impor tant as wild l i f e  hab i tat . 

About 1 1  percent of the cropland in the reg ion i s  
irr igated , r ang ing from abou t 3 3  percent in Nebraska to 
only about 0 . 2  percent in  Nor th Dakota . I rr igat ion i s  
increas ing as dryland cropland and rangeland a r e  be ing 
conver ted to row crops . Field and farm s i ze has 
inc reased in this reg ion , as has the leas ing of land . 
All of these deve lopments have negative impacts on 
wildlife because of losses of edge , cover , and vegetative 
diver s i ty .  Leasing usually results i n  g iving precedence 
to shor t-term returns ove r long-term land needs . The 
convers ion of pr ime ag r icultural lands to other uses has 
also occur red ,  about 4 5 , 0 0 0  ha of cropland having bee n 
conver ted between the years 1967 and 1977 . 

More intens ive use of cropland i s  expected in  the for m 
o f  double cropping on i r r igated land and increased 
graz ing on pastureland , range land , and crop res idues . As 
a result of management dec is ions , h igh equ ipment costs , 
and c l imat ic factor s ,  mos t  farmers  in the reg ion will  
continue to concentrate on  the  product ion of one or two 
crops . The r isks of one-crop or two-crop dependency hav e 
been reduced by price suppor ts and crop insur ance . 

The i n i t ial increases in  i r r igated lands in the reg io n  
improved w i ld l ife habitats by mak ing f ood  crops ava i lable 
in more areas , but more intens ive i r r igation and 
utili zat ion of water resources will  be a detr iment to 
wi ldl ife as wate r table s drop and s tream flows are 
reduced . Lined d i tches , condu its , and vegetat ion control 
wi ll adversely affect wildl ife habi tats . 
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Corn and wheat w i l l  rema i n  impor tant , b u t  in some areas 
sorghum may r eplace corn . Th is  may bene f i t  wildlife 
because less intens ive chemical control i s  required to 
r a i se sorghum . Improved stra ins of hard winter wheat may 
perm i t  convers ion from spr ing wheat , thus prov id i ng 
w inter cover and reduc ing winter eros ion . Th i s  may also 
improve nesting habi tats for some species of wild l i fe . 
I ncreased production of sunflower seeds in  the Dakotas 
will  provide h igh-qual ity summer cover and fall food fo r 
w i ld l i fe , but no winter food or cover . The expans ion of 
sunf lower acreage , however ,  will depend on the development 
of d isease- and pest-res i stant strains . Crop and crop 
res idues will continue to be heavi ly grazed by l ivestock . 
All o f  these uses have negat ive effects on wild l i fe 
habi tats . Feedlot operations are increas ing in some 
a reas , and sh i f ts to the product ion of more feed and 
ens i lage will reduce cover and food for wildl i fe . 

As long as energy costs and crop pr ices maintain a 
stable relationship to one another , the h igh cos t o f  
energy will not influence the e ffects o f  agr iculture on 
wildl ife habitats in the Nor thern P lains . But i f  energy 
costs i ncrease apprec iably , wildl i fe would benef it . Less 
produc t ive areas could not then be intens ively cropped . 

Southern Plains 

Per haps the greatest impact of ag r icul tural trends on 
w i ldl ife habitats i s  in  the Southern P la ins reg ion 
( Oklahoma and Texas ) ,  due to the c learance of land fo r 
l ivestock production and the r apid withdrawal of ground 
water for i r r igat ion . Once land i s  cleared for livestock , 
the l i kel ihood that i t  will be d iver ted to row crops i s  
much greater , frequently because thi s  sh i f t  i s  subs id i zed 
by federal prog rams . 

Extens ive i r r igation in  the western part of the 
Southern P lains has led to the depletion of ground-wate r 
r eserves . In some areas of western Texas and Oklahoma , 
mining of ground water accounts for 5 0  to 7 8  percent o f  
annual consumpt ion for ag r iculture . In add it ion , 
i r r igat ion has increased both the salin ity and the 
a lkal inity of soi ls and runoff water . In the se areas the 
most impor tant remaining wi ld l ife habitat i s  r ipar ian ,  
where the d iver s i ty of b i rd spec ies may be 7 t imes 
greater  than that found in  grassland and pastures ( Tubb s 
1 9 80 ) . 
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Of the nearly 86 million ha of land in the Souther n  
P la ins , about . 25 percent is  agr icultural land . As in 
othe r areas of the nat ion , conversion of agr icultural 
lands to other uses has been rather substant ial . In the 
per iod 1967 to 1977 , about 1 mi llion ha was conver ted , 
and i t  is proj ected that before the year 2000 another 
769 , 0 0 0  ha will be lost . About 3 . 6  million ha of croplan d 
has been converted to pasture , largely as a result of the • 

high cost of water and its r educed availability .  Some of  
this  convers ion from crop to pastureland was bene f ic ial 
to w i ld l i fe . Of the total land area of the Souther n 
Plains , about 9 . 4  percent could be conver ted to pasturP.-
land , rangeland , and forest land . Pastureland and 
range land increased near ly 8 . 5  million ha between 1967 
and 1977 in the Southern Plains . Th is has caused major 
changes in spec ies d ivers ity and numbers of wild li fe . 
Some species increase with the advent of grazing 
( mountain plover , horned lar k ) ,  while others decrease 
(we s tern meadowlark , lar k bunt ing ) . Even gullying and 
eros ion provide habitats for some spec ies ( rock wren , 
rough-winged swallow ) (Ryde r 1980 ) . 

The large increase in pastureland and rangeland is a 
consequence of increased internat ional demand for u . s . 
expor ts of meat and meat products . As the developing 
countr ies increase the i r  earn ing power , meat consumptio n 
also i ncreases . Federal programs have also helped to 
encou r age a shift toward plac ing more and more land in 
pasture and range . As energy costs for feed g rains 
increase , thus rais ing grain pr ices , there will be mor e 
demand for graz ing to ma inta in meat production . Wildlife 
pr ed a t ion on sheep has been a problem in some areas , and 
the m ethods and costs of control have not been 
sat i sfactory . 

The conversion of natural areas to range , then to 
crops , and then back to pasture or range , has both 
bene f ic ial and deleter ious effects on wi ldlife . Stable 
vegetat ive systems are not permi tted to develop , meaning 
that wild an imal spec ies that benefit from early 
success ional stages are favored . 

There will be some expans ion of cotton areas in eastern 
Texas where rainfall i s  adequate , but h igh rates of 
pes t i c ide use on cotton plants would have detr imental 
impacts on wildlife . There has been a decrease in the 
l and area planted in r ice in Texas ,  largely because of 
higher energy costs and h igher pestic ide use . The 
d evelopment of new genetic strains of var ious crops that 
ar e more drought-resistant will permit more intens ive 
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cropping on a larger land area in  the Souther n P lains . 
A l l  of these pract ices , such as the mining of ground 
water , greater use of sur face waters  for i r r igation , and 
l arge increases in  pas tureland and rangeland , have a 
detr imental influence on wildl ife . In some areas o f  
Texas , w i ld l i fe h a s  become a n  income-produc ing crop , 
par t icular ly through the commercial sale of deer-hunt i ng 
pr iv i leges . Areas that are managed for deer also support 
many other forms of wild l i fe . As water becomes mor e  
expens ive and less ava i lable and as energy and pestic ide 
costs r ise , more areas may provide adequate economic 
r e turns through e ffor ts to combine ag r icultural and 
wiln l ife management obj ect ive s . 

The Mounta i n  Reg ion 

Eight state s  make up the Mountain reg ion (Ar i zona , 
Colorado , Idaho , Montana , Nevada , New Mex ico , Utah , and 
Wyoming ) ,  wh ich has a great d ivers ity of agr icultur a l  
pursuits and w i ld l i fe habitats . Much of the rema i n ing 
wi ldland s  of the cont i nental Un ited S tates occur i n  th i s  
r eg ion . As in  the other reg ions of the nat ion , h igh 
energy costs currently influence ag r icultural managemen t  
d ec i s ions , wh ich are made almost exclusively on a 
cos t-benef i t  bas i s . Cons ide ration of wild l i fe hab i tat s 
must therefore be put on an economic bas i s . Much of the 
high-quality cropland in the reg ion is i r r igated for 
a l falfa , corn , bar ley , wheat , oats , sugar beets , and 
vegetables . Dryland areas pr imar i ly produce wheat , 
a lthough some land is devoted to rais ing millet , sorghum ,  
cor n ,  oats , and bar ley . There  i s  every ind icat ion tha t 
an  intens i f icat ion of agr iculture will occur i n  the 
Mountain reg ion . Ur bani zat ion is causing the conver s i o n  
o f  agr icultural lands t o  nonagr icultural purposes , as i s  
the d i scovery and exploi tat ion o f  large blocks o f  land 
conta ining coal and oil shale . These changes are 
result ing i n  lowe r qual i ty land s  for agr icultural crops . 
These lands were once used as wildlife hab i tats . As 
demand for water increases and as i t  becomes more 
expensive , all i r r igated lands will be used more 
intens ively . I r r igat ion demands will also reduce 
r e servoir  and stream-pond r ipar i an zones , fur ther 
reduc ing habi tats . Increased intens ity of grazing o n  
managed pasture w i ll be the rule , and there will be 
incr eased use of crop res idues for grazing , furthe r 
r educ ing the qua l i ty of both food and cover for w i ld l i f e .  
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T h e  graz ing o f  crop res idues on both i r r igated and dryland 
areas inf luences both res ident and migratory wild l i fe 
spec ies . Increased intens i ty of graz ing also reduces the 
qua l i ty of r ipar ian zones for wi ldlife purposes . 
Conve r s ion of nat ive vegetat ion to e ither dryland crops 
or i r r igated land s frequently leads to wildl ife damage . 

Conservat ion t illage will increase pr imar i ly on dryland 
crop s ites and may be beneficial  to wi ldl ife . I r r igated 
l ands are so intens ive ly managed that l i ttle min imum 
t i l lage will  occur . The effec t  of increased herbicid e 
u se i s  unknown , but the propens i ty to use herbic ides to 
con trol undes irable plants throughout the area , not only 
on c r opland , will  reduce what l ittle wildl i fe habitat 
rema ins on these areas . The development of i r r igated 
l ands in the past benef i ted some wildl ife spec ies because 
some areas were  too wet and water ponded in othe r areas 
( se e  Chapter 9 ) . These small areas offered good habitat 
for many species . But as water supplies become more 
l im i t ed ,  newer and more e f f ic ient i r r igat ion methods will 
cause a reduct ion in  these smal l habi tat areas . Some 
w i ld l i fe populat ions will therefore be ser iously af fected . 
Farm s i zes will also increase as a result of ownership 
changes , and even small vegetable , orchard , and truck 
garden areas will be used more intens ively .  Old 
home steads , fencerows , and shelterbelts will d isappear . 
Although the i r  total area i s  not great , these small un it s 
have provided h igh-quality habitat s i tes for a var iety of 
spec ies . 

Some ground-nesting birds could bene f i t  as conservat ion 
ti l l ag e  follows the deplet ion of ground water . Crops 
w i l l  c hange from corn , pinto beans , and sugar beets to 
gr a i n  sorghums and rye pastures . Genet ic eng i neer ing i s 
expec ted to produce new var ieties of winter wheat that 
wi l l  become bienn ially grown monocultures . The r a i s i ng 
o f  proso mi llets will also increase on dryland and on 
sagebrush lands at h igher e levat ions . Integrated pest 
c ontrol will  lead to chemicals that are less dangerous to 
human be ings , but these tox ic substances will still  
a ffect w i ld l i fe . I ncreased use of herbic ides will have a 
g reate r effec t  through the destruc t ion of habi tats than 
t hrough d irec t  tox ic e ffects on w i ldl ife . More intensive 
management will requ i r e  greater control of all nox ious 
weeds . 

A l though h igher ene rgy cos ts will  result in the 
a bandonment of some areas of low or marg ina l productivity 
in the Mountain reg ion , the expected increase in demand 
for expor t gra ins will  increase pr ices , once again 
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making these lands economically su itable for row crop 
product ion . The extent to wh ich crops or crop res idues 
will be used to produce forms of fuel is unknown , but 
f ewer res idues would reduce food and cover and ult imately 
reduce wi ldlife productivity and spec ies diversity .  

I f  wildl i fe habitats are to be reta ined in the 
Mounta in reg ion as a par t  of ag r iculture , monetary 
incent ives must be offered to landowners so that present 
agr icultural practices can be altered . Changes in the 
Food and Agr icultural Act of 1977 have been suggested to 
prov ide a means to preserve wildlife hab itats in the 
Mountain reg ion . (The Food and Agr icultural Act of 1981 
wa s passed wh ile thi s  repor t was in press . )  

The Pac i f ic Reg ion 

The Pac i f ic reg ion (excluding Alaska and Hawa i i ) has some 
unique agr icultural character istics . Although only about 
ll percent of the area is in cropland , about half of that 
c ropland is  i r r igated , and the reg ion produces more fruits 
and vegetables than any othe r par t of the country . Crop 
patterns are h ighly var iable , from the dryland wheat 
farms of the Palouse area of Wash ington and Oregon to th e 
h ighly fert ile valleys of Cal i fornia , where i r r igated 
crops are predominant . Because of the h igh productivity 
and fer t i l ity of the reg ion , most of the agr icultural 
land s  have few wild l ife hab itats , and those that rema i n  
are be ing eliminated a s  land costs and the ava i lability 
of wate r become g reater problems . H igh productivity i n  
many of these areas also means h igh pestic ide use , fur ther 
compl icating the lives of wildl ife . Large migrat ions of 
b i rds move up and down the Pac i f ic Flyway , increas ing the 
depredat ion of crops as well as wildlife losses to 
pestic ides . The extensive use and reuse of water also 
increases pollut ion problems and the concentration o f  
pollutants in water runoff ( see Chapter 9 ) .  Because o f  
the h igh va lue o f  most o f  the Pac i f ic cropland , very 
l i ttle is conver ted to other uses . Between 1973 and 
1977 , for example , there was a conver s ion of about 14 , 00 0  
ha of ag r icultural land in Cal i fornia to urban use , 
causing a net loss in the amount devoted to agr icultu r e . 

Water i s  a c r i t ical factor in agr iculture throughout 
the Pac i f ic reg ion , par t icularly in Cal iforn ia . Many o f  
the agr icultural crops provide f ood  and habitats for 
mig ratory water fowl and other wetland birds . Changes i n  
technology , such a s  improved stra ins o f  r ice that permit 
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double c ropping and laser leveling that allows more even 
appl icat ions and withdrawals of water , greatly reduce the 
value of these agr icultural lands for wildlife . There 
has , however , been a g reat increase in the planting o f 
corn in the valleys and delta reg ion of Cal i forn ia , and 
this has attracted large number s  of water fowl . On some 
f arms the land is plowed immed iately following the corn 
harvest and then planted in bar ley or wheat . Other 
f a rmers have found that leas ing lands for water fowl 
hunt ing may be equally productive economically , and only 
an annual crop is  planted . I t  should be noted that the 
inc reased use of irr igation and the reduction in natural 
marshes has led to a change in the spec ies of water fowl 
us ing these areas . 

Th roughout the reg ion , four major impacts of ag r i
cu lture are affecting wildl ife habitats . These are los s 
o f  habitats through clean farming , loss of r ipar ian 
habitat through improved water management and high-graz ing 
i n tens ity , increased water demands , and urbanization . In 
Washing ton , there has been some reduction in clean 
f a rming as a result of min imum tillage practices , and in 
these areas there has been an improvement in wi ldlife 
habitats . Th is has not occurred in Cal ifornia and 
Oregon , however . The loss of r ipar ian zones is c r i t ica l 
because in many areas these are the only remaining s ites 
s u i table for wildlife cover dur ing most of the year . 
These areas are be ing r educed in s ize by clean farming 
practices and by improved water management methods . In 
add i t ion , h igher energy costs have made small hydro
e lectr ic proj ects pract ical , and the construct ion o f  
these dam s i tes further reduces r ipar ian zones that once 
of fered optimum wild l ife habi tats . Increased number s  of  
human beings will also increase the need for water and 
fur ther restr ict the avai lability of the •wastewater • 
that was so impor tant in maintain ing small ,  high-quality 
hab itat areas . Seepage from canals once created excellen t 
hab i tat areas in many ar id locat ions , but as these canals 
are lined or condu its are installed these sources of wate r 
are no longer ava ilable , and the habitat units are lost .  

Changes i n  crops and cropping patterns ar e  also 
r e sult ing in a reduct ion of wild l i fe habitats . Conversion 
from pastureland to cropland , or convers ion of grain crops 
to more intens ively managed crops , such as fruits and 
veg etables , reduces the value of these lands for wildlife . 

H igh net ga ins in the human population of the Pac i f ic 
reg ion will have severe impacts on wildlife hab itats ( see 
Chapter 3 ) . This loss will occur through the d isplacement 
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of agr iculture by urban construct ion and the los s o f  
habi tats i n  natural areas conver ted to hous ing develop
ments . These developments also r esult in increased wate r 
and energy use , wh ich also have a d irect  and negative 
impact on wildl ife habitats . 

The Pac i f ic reg ion i s  h ighly product ive of both 
ag r icu ltural products and wi ldl i fe . For many spec i e s  the 
r e tent ion of habitats in assoc iat ion with ag r icultur e  is  
cr i t ical . Th i s  i s  par t icular ly true for many spec ies of 
m ig ratory b i rds . There i s  a g reat need to develop 
programs that will  permi t the cont inued ex istence o f  
w i ld l i fe habitats i n  conj unct ion with ag r icultural 
production . Without such pos i t ive act ion , there wi l l  be 
a g reat impover ishment of the envi ronment for both 
wi ld l i fe and the human popu lat ion . 

RESEARCH NEEDS 

• Determine through cost-bene f i t  analyses wh ic h 
combinat ions of plant spec ies and ag r icultural practices 
y i e ld increased returns to producers wh i le ma intaining or 
i mproving habitats for w i ldl ife . 

Further invest igate the d irect and ind i r ec t 
effects of var ious pest ic ides on wild l i fe and focus on 
the deve lopment of crop var ieties mos t  resi stant to pest s  
r equ i r ing the appl icat ion of harmful chemicals . 

Determine the minimum s i zes  and complex i ty o f  
hab i tats for var ious spec ies o f  res ident wild l i fe and 
deve lop food and cover plants that may enhance habitat 
c a r ry ing capac ity or reduce the area requi red to sustain 
populations . 

• Determine the var ious e f fects o f  l ivestock 
graz ing intens i ty ,  t iming , and patterns on wi ld l i fe and 
wi ld l i fe hab itats . 

Establish methods for the collect ion and 
retr ieval of faunal data so that changes in populat ions 
and hab i tats can be documented and evaluated . 

Determine the effects of so i l  eros ion on wi ld l i fe 
hab i tats and evaluate changes i n  agr icultural 
produc t iv i ty as a result of eros ion . 

Determine the impacts of internat ional mar kets on 
land use and the consequent effects on w i ldlife hab i tats . 

• Evaluate the response s of w i ldlife to c ropland
and pasture land-use changes : abandonment , c lea r i ng , 
changes from row crops to pasture and back aga in , and 
t ime sequences . 
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Determine the poss ible impact s  of crops and c ro p  
res idues u sed for b iof ue l  produc t ion on w i ld l i fe and 
wi ldlife habitats . 
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7 
Impacts of Agricultural Trends 
on Forest Wildlife Habitats 

THE FOREST RESOU�E 

Forests occupy about 2 5 1  million ha ( 6 19 million acres) , 
or roughly one quarter , of the total land area in the 4 8  
cont ig uous states (Amer ican Forest I nstitute 19 7 9 ) . 
Forest lands are widely distributed and are a predominan t 
land use in most of the states east of the Mississippi 
River as well as those on the Pac i f ic Coast . Some 
central s tates , on the other hand , such as Nor th and 
South Dakota , Nebraska , and Kansas , are only 2 or 3 
percent forested . Most of the southern states are more 
than 50 percent forested . I n  New Eng land , New Hampsh i r e  
and Maine are 9 0  percent forested . 

Forests are c lass if ied as e i ther commerc ial o r  
noncommerc ial . Commerc ial forests are def i ned a s  areas 
ava i lable for t imber product ion and capable of yield ing 
1 . 4 0  m3/ha/year ( 20 f t3/acre/year ) from natural 
stands . About three quarters  of the total forests in th e 
country , or 193 mi llion ha ( 476  million acres ) , are 
class i f ied as commercial forests (Table 7-1) . 

About 17 percent of the commerc ial forest land (33  
mill ion ha) is  located in national forests ,  where 
w i ldlife must be g iven equal cons iderat ion with t imber 
and othe r values . Slightly less than 10 percent of the 
commerc i a l  forest land ( 17 million ha) is in other publ ic 
ownership , e ither federal , state , or munic ipal . H igh 
f iber production is  the pr imary goal on about 14 percent 
of the commerc ial forest lands ( 2 8  million ha) owned by 
p r ivate companies . Industr ial forests are more 
intens ive ly managed than .those in other ownersh ips . Mor e 
than half of the forest land ( 114 million ha) avai lable 
for wood product ion is pr ivate ly owned , ch ief ly in 
woodlots of 40 ha ( 10 0  acres)  or less . The goals of 
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TABLE 7 - 1  D i s tr ibut ion and OWnersh ip of Forest Land in the 4 8  Contiguous S ta tes ( 10 00  hec tares ) 

Owne r s h iE of Commerc i a l  

Total Total Percent Nat ional Other For e s t  Other 

Land For est For e s ted Comme rc ial Fore s t  Publ ic I ndustry Pr ivate 

North 
New Eng land 16 , 3 1 7 13 , 159 81 12 , 5 6 1  2 8 6  4 6 6  4 , 009 7 , 800 .... 
Mid-Atlantic 3 5 , 3 1 9  2 1 , 0 0 0  60 19 , 5 2 7  5 4 2  1 , 8 5 5  1 , 1 5 6  1 5 , 9 4 4  .... 

..... 
Lake S tates 8 4 , 2 5 3  2 1 , 574  2 6  20 , 2 4 4  2 , 2 9 7  5 , 7 0 1  1 , 709 10 , 537  
Central 118 , 1 1 1  1 7 , 5 0 8  1 5  16 , 8 3 0  9 1 4  5 3 2  3 2 6  14 , 99 7 

South 2 0 6 , 8 6 4  8 3 , 8 6 4  4 1  7 6 , 3 1 5  4 , 4 3 8  2 , 749 14 , 4 8 0  5 4 , 6 4 9  
Pac i f ic 8 2 , 7 1 5  3 7 , 8 0 9  46 2 3 , 7 5 7  10 , 1 1 2  3 , 2 7 7  5 , 0 0 1  5 , 3 6 7  
Rocky Mounta i n  2 2 4 , 672  5 5 , 78 8  2 5  2 3 , 3 9 5  14 , 7 5 6  2 , 7 2 6  8 4 9  5 , 0 6 3  

TOTAL 7 6 8 , 2 5 1  2 5 0 , 7 0 2  2 7  1 9 2 , 6 2 9  3 3 , 4 0 5  17 , 3 3 6  2 7 , 5 3 0  1 1 4 , 3 5 7  
17 % 9 \  1 4 \  6 0 \  

SOURCE : Adapted from Amer ican For est I ns t i tute 1979 . 
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these owners vary , and they often g ive pr ior ity t o  values 
other than f iber product ion . 

The rema ining forest--5 8 mill ion ha ( 1 4 3  mill ion acres ) 
of noncommercial forest land--includes wi lderness areas ,  
national par ks ,  and othe r lands wi thdrawn from t imber use 
by statute or administrat ive regulation . Mos t of  these 
a reas are u t i l i zed by many spec ies of wildl i fe .  Large 
par ts of the remain ing hab i tats for large birds and 
mammals are in wi lderness and other places rarely used 
for human purposes .  

Soils , cl imate , and topography are the environmental 
var iables that determine the compos i tion , productivity ,  
and success ion o f  a forest . Forests are d iverse . The 
Soc iety of Amer ican Forester s recognizes 1 5 6  separate 
forest types , rang ing from dense stands of Douglas fir in 
the humid Pac ific  Nor thwest to cypress swamps in the 
Southeast and oak-h ickory r idges along the Appalach ian s . 

The regenerative abi l i ty of the forests allows humans 
t o  mod i fy for est ecosystems often w i thout el iminating 
them . The resul t of natural forces and man-caused 
a l terat ions is  a complex array of constantly chang ing 
fores t  commun i t ies , u t i l i zed to varying degrees by an 
equally d iverse wild fauna that includes about 1500  
ver tebrate and many more inver tebrate spec ies . 

FORESTS AS WILDLIFE HABITAT 

From the arid Southwest to the humid coas ts , there is  an 
almost endless var iety of forest commun i t ies . Each 
prov ides a different mixture of food , cover , water , and 
o ther cond i tions needed for wildl ife survival . Some 
forests suppor t a r ich abundance of wildl i fe J other s  
support only a few species . Mar ked d i f ferences in the 
r ichness of the an imal fauna are even apparent in adj acent 
forest areas . What makes a forest more or less attractive 
to wi ldl ife? 

At the r isk of overs impl i fying the complex interaction 
between an an imal and its env ironment ,  one answer is 
variety in the forest commun i ty .  Many f ield s tud ies 
dur ing the pas t  three decades suppor t the ecolog ical 
theory that h ighly s trat i f ied commun i t ies contain a 
greater assor tment of microhabitats and niches and thus 
have the r ichest var iety of an imal l i fe . Recent studies 
fur ther contr ibut ing to our understand ing of the relation
s h ip of forest s tructures to wildl ife are reviewed by 
Thomas et  al . ( 19 7 5 ) . Fish habi tats affected by forestry 
p ract ices are d i scussed in Chapters 9 th rough 1 1 . 
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Hor i zon tal stra t i f icat ion and ver t ical layer ing in  
ecolog ical commun i t ies are impor tant aspects in structural 
dive r s i ty .  Wheneve r soi l  types , moisture , topography ,  
aspect , or other abiotic grad ients change , plant 
communit ies also vary . Spec ies compos i t ion , growth form , 
nutr i t ive value , and other character istics d i ffer . The 
resul t  is  an interspers ion of vegetative types across a 
landscape in response to natural var iations in envi ron
men ta l  factors ,  includ ing man-caused d isturbances . The 
r esulting edges , where the boundar ies of two or more k inds 
of plan t commun i t ies meet , are especially attractive to 
w ildl i fe . 

I n terspers ion of resources is impor tant to wildl i fe .  
The r equ irements for each spec ies mus t  be ava ilable 
w i t h i n  i ts normal l iving area . For example ,  Gul l ion 
( 1 9 7 0 )  has iden t i f ied three forest types , plus open ing s 
i n  the forest , that are necessary for ruffed g rouse . 
S ince a grouse may spend its ent i r e  l i fe in an area of 
less than 2 0  ha ( 50 acres ) , interspers ion of the requ ired 
vegetative types mus t  occur in that relatively small 
a rea . Large mammal ian predators that wander over several 
square k ilometer s requ i r e  greater vegetative var iety than 
the small mosaics of plant types needed by grouse , but 
the pr inciple is  the same . 

Ha rr is e t  al . ( 1 9 7 9 )  s tate that " Forest structural 
d i ver s i ty is  the pr imary determinant of wildl i fe spec ies 
and abundance . "  The ir descr ipt ion of forest structure 
fur ther illustrates the concept : 

Forest structure , in turn , has several impor tant 
dimens ions . The ver tical aspect is  measured by 
parameter s  such as fol iage he ight d iver s i ty .  The 
hor i zontal aspect includes the concepts of 
inter spers ion , edge , j uxtapos i t ion ,  patch iness and 
landscape heterogene i ty .  Add it ional aspects of 
forest structural d ive r s i ty include the abundance 
of l ive wood versus dead wood , d i f ferences between 
hardwood and softwood tree form , and the nature and 
size of mas t  (nuts , ber r ies and seeds ) produced . 
It is  largely because of these factor s that 
hardwood forests almos t un iver sally possess nearly 
double the wildl ife den s i ty of con i ferous for ests 
(see Thomas e t  al . 1 9 7 5  for l iterature review ) . 

A bare s i te is qu ickly invaded by g rasses and forbs , 
wh ich are soon replaced by shr ubs , sprouts , and tree 
seedl ings . The process i s  repeated as one plant commun i ty 
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FIGURE 7-1 Response of some mammals to success ional 
s tages following clearcut logg ing and burn ing . SOURCE : 
Ream and Gruell 1980 . 

r eplaces another until a more s table , mature s tage i s  
reached . Wildl ife responds t o  these changes in forest 
s uccess ion ( Figure 7-1 ) . Deer seek the new plant g rowth 
in  recently logged or burned places . Some spec ies , such 
a s the endangered Kir tland ' s  warbler , have very speci f ic 
needs . Th is  bird nests on the ground in s tands of j ack 
p ine 5 to 20 years old and thus is  restr icted not only to 
a s ingle tree spec ies but also to an early seral s tage 
that is caused by forest f i res . 

Forest structure is a conven ient and mean ing ful measure 
o f  the relative value of forests for w ildl i fe and of the 
impacts of  agr icultural and forestry pract ices . In 
general ,  whenever large-scale d i sturbances s impl i fy plant 
commun i ty structure , fewe r species of amph ib ians , 
r ept iles , b irds , and mammals can be expected to appear .  

The appl ication of the concept of forest d iver s i ty to 
w ildl i fe hab i ta ts has been d i scussed by Evans ( 1 9 7 4 )  for 
public forests in Missour i ,  by S ider its ( 1 9 7 5 ) for 
S uper ior Nat ional Fores t ,  and more recently by others for 
several other nationa l forests where attempts are be ing 
made to inci'ease hab i tat dive r s i ty ( Evans 197 8 ,  Thomas 
1979 , Smi th e t  al . 1981 , Mealey and Hor n  1981 ) . 
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IMPACTS OF PORESTRY PRACTICES ON WILDLIFE HABITATS 

Expanding tree nurse r ies , growing networks of permanent 
fores t roads , and new timber mill construction clearly 
signal a s trong trend toward more intens ive forest 
management over the next several decades . On tens of  
thousands of hectares of the best forest land , stands of  
trees are being cultivated more intensively . New 
techniques are be ing appl ied to grow the greatest volume 
of high-qual ity wood in the shor test time permitted by 
current technology and economics . 

The rapid expansion in the cultivat ion and harvesting 
of preferred spec ies is in great contrast to the laissez
faire exploitation typical in the past , when timber 
harvesting took precedence over the regenerat ion of new 
stands . By World War I I , better timber cropping practices 
were becoming more common in some of the larger industr ial 
forests , but • timber mining • was still prevalent on 
smaller pr ivate hold ings ( Dana 1 9 5 6 ) . Natural forest 
success ion following logg ing (and often f i r e )  would 
eventually produce another tree crop , i f  one could wait a 
half-century or more . 

Populations of deer , elk , hare , and other herbivores 
rose to new h ighs after logg ing but subs ided when the 
succulent new forage grew out of reach . Th is boom-and
bust cycle for many prefer red game spec ies was repeated 
across the country wherever forests were exploi ted . By 
contrast , care fully planned forest management that g ives 
cons ideration to wildl ife can provide a mix of vegetative 
types arranged in var ied geometr ic patterns that can yield 
an even flow of timber products as well as more stable 
wildl ife habi tats . 

Forestry and agr icultural trends , and associated land 
managemen t  practices , have var iable effects on wildl ife 
habi tats , depend ing upon the geograph ic area , forest 
type , and species of wildl i fe present . Tables 7-2 , 7-3 , 
and 7-4 summa r i ze some of the impacts resulting from 
forestry trends and h ighl ight the var iab il ity in the i r 
impacts on wildlife and wildl ife habitats . It is 
apparent that such practices as clearcutting ar e 
benef icial in providing habitats attract ive to many 
spec ies but may reduce the number s  of othe r species . 
Each hab i tat resulting from a particular s i lvicultural 
practice has a 9haracter istic group of an imal spec ies . 
In the long run , overall forest management pr09rams will 
exer t a more controll ing influence on wildl ife hab itats 
than any s ingle practice . There has been l i ttle research 
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TABLE 7 -2 Some Examples of the Impact of S ite Preparat ion and Plantat ions on Wild l i fe Hab itat 

S i te P r epar a t ion : 
bur n ing 
c h ipping 
d r a i nag e 
t i l l ing 
f er t i l i z a t ion 
her b ic ide s 

Ar ea 

Southeast 

Impac t 

I nc r ease in nutr ient expor t .  

Rate o f  success ion > S O % . 
Negat ive impac ts propor t iona l  
to i n tens i ty of s i te 
d i stu rbance . 

An i ncrease i n  ava i lable so i l  
nutr ients . 

Decreased game food plants . 

Qua i l  food plants dec l i ned 
d r a s t ica l ly after th i r d  year . 

Each succeed ing proce ss of s i te 
prepa r at ion exacerbates the 
impac t on w i ld l i fe . 

I nc r eased s i te preparat ion 
acce ler ated p ine over s tory 
and s h r u b  m i d s tory . 

Re fe rence 

Swank and Doug las 1 9 7 4 

Ha r r i s  and Smith 1 9 7 8  

Ha ines and Pr i tche t t  1 9 6 5  

Hebb 1 9 7 1  

Brunswig and Johnson 1 9 7 2 

Ha r r i s  and Sm i th 1 9 7 8  

Wh i te e t  a l .  1 9 7 5  

..... 
IV 
IV 
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P l antat ions : 
s ing le spec i e s  
even-age , somet imes 
nonnat ive spec ies 

Nor theas t 

Sou theast 

A l a rge var i ety of an ima l s  
f u l f i l l  some of the i r  r e 
qu i r ements i n  plantat ions , 
bu t i ntermed iate state w i t h  
c losed canopy and n o  unde r s tory 
is a • b iolog ica l deser t •  for 
w i ld l i f e . 

As much as 7 5 %  of rotat ion i s  i n  
dense p i nes . 

Qu ickly lose value to w i ld l i f e  
adapted t o  ear ly success iona l 
s tages . Have fewer bi rds and 
mammal s  of  a l l  spec ies i n  
con t r a s t  to natural  stand s 
because of canopy c losure , 
r educed under story , r educe d 
ver t ical s t r a t i f icat ion , 
l i tter bu i ldup , a l l  r educ i n g  
w i l d l i f e  food a n d  cover . 

Qua i l  populat ions r each near 
zero by age 5 i n  unbu rned 
plantat ions . 

Ba i ley and Alexander 1 9 6 0  

Har r i s  1 9 8 0  

Har r i s  a n d  Sm ith 1 9 7 8  

Brunswig and Johnson 1 9 7 2  
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TABLE 7-3 Some Impacts of Forest Harvest ing Pract ices on Wildlife Habitat 

Even-age management , 

clearcutting 

Area 

Southeast 

Nor theast 

Southwest 

Impac t  

C u t s  provide good d e e r  for age , 
qu ick ly e l iminated by 
overbrovs ing on small 

(<20 ha l cuts . La rge cut s 
become dense and unattract ive 
to dee r . 

Reference 

Har low and Down ing 1969 

Deer obta ined ove r twice as much Rege l i n  et al . 1974 
c r ude prote in and d iges t ible 
dry matte r in clearcut a s  i n  
uncut areas . 

I n it ial r educt ion in breed ing Conner and Ad k i s son 1 9 7 5  

bird spec ies d iver s ity and 
number of bi rds . Increase i n  

3- , 7- , and 12-yea r cuts- -
pea k  7 year s .  

Many clearcuts may f r agment 

habitat to deg r ee that none 
of the stand s are large 
enoug h to ful f i l l  spec ie s 
food and cover r equ i r ements . 

Dec rease in g r ay squ i r rels ; 

small clearcuts best . 

Minor effect on small mamma ls . 

C learcuts 8 to 16 ha ( 2 0  to 
40 acres ) i n spr uce-f i r  
and ponde rosa pi ne increased 

for ag e  and deer and e l k  uee . 

Har r i s  and Smi th 1978 

N i xon et al.  1980a 

K r u l l  197 0 

Reynolds 1966 , 1969 
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Even-ag e manageme n t , 
c le a r c u t t ing 

(con t i nued ) 

Roc k y  

Moun t a i n s  

and 
9eneral 

Pac i f ic 
Nor thwest 

General 

I nc r eases snow depth a n d  wind ; 

r ed uces cover ; increase s  

an ima l dama9e 1 s impl i f ie s  
ecosystem. 

Peng e l ly 1 9 7 2  

B i rd populat ions increase a n d  Ha9ar 196 0 

r each peak 3 to 6 year s  a f ter 

cutt in9 . 

C learcutt in9 in Dou9 las f i r  
creates open ing a  d i str ibuted 

in patchwor k fashion tha t 
offer ran9e of opt i•um 
hab itat for w i ld l i fe . 

Lon9 r otat ions enhance habitat 

for .are bird spec ies than 
shor t rotat ions re9ardlea a 
of harvest syate• used i n  
even-a9e mana9e .. nt . 

Su.aa r i zes stud ies h i9hli9ht in9 
bene f icial aspects to b i g  

9a.. , ... 1 1  ..... la , and birds . 
In 9eneral more d ive r s e  

habitats provided for 9 reate r  
nuaber o f  species . 

Nuaber and dens i ty of b i rds 
and ..... l s  often 9 r eater 
a f ter clearcutt in9 than 

befor e .  

Hooven 197 3 

C r awford and T itter in9ton 
19 7 9  

Realer 197 2 

Several author a-
s�r i zed by Har r i a  
and S•ith 1978 
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TABLE 7-3 (cont i nued ) 

Uneven-age manageme n t , 

s e l ec t i ve c u t t i ng 

V a r iable h a r v e s t s  

r emov ing , 2 5 % , S O % , 
7 5 % ,  and 1 0 0 %  of 

me r c hantable vo lume 
on i nd i v i d u a l  a r eas . 

One natu r a l  a r e a  
c on t r o L  

Area 

Nor theast 

Sou theast 

P ac i f ic 

Nor thwe s t  

Nor the a s t  

( No r t h e r n  

ha rdwood s )  

I mpac t 

Ve r t ical deve lopmen t  max i m i z ed . 

P r od uces con t i nuous cove r of 

many age s  and h e i g h t s . B i r d  

popu l a t ions rema i n  mor e 

stable . Not many s tand i n g  

dead trees . 

Re fer ence 

T i t te r i ng ton e t  a l .  1 9 7 9  

Remova l of 3 7 %  to 5 5 %  b a s a l  area N ixon e t  a l .  1 9 8 0 b  

( w i thout c u l l  t r e e  r emova l )  

had no e f f ec t  on sur v i val , 

r eproduct ion , or den s i ty o f  

g r ay squ i r r e l s . 

Th i n n i ng i nc reased b i rd Hoope r 1 9 6 7 

d i ve r s i ty by s t imu la t i ng 

und e r s tory g r owt h . 

Dec rease in edges ;  lack var i e ty Ha l l  and Thomas 1 9 7 9  

of success ion a l  stages ; o ld 

snags and l a r g e  t r ees l ac k i ng ; 

for e s t  d i ve r s i ty lac k i ng . 

Numbe r of spec i e s  and d iv e r s i ty 

i nd ices for song b i rd s  we r e  

h i ghe r i n  logged areas a nd 

we r e  pos i t ively cor r e lated 

w i th i nc r eased logg i ng 

i ntens i ty .  

Webb e t  a l . 1 9 7 7  
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TABLE 7 -4 Some I mpac ts of G r a z i ng on For e s t  W i ld l i f e and The i r  Hab i ta t s  

Nor theast 

S ou theast 

Rocky Moun ta ins 

Pac i f i c  Coa s t  

Ove r v i ew 

Impac t 

Br eed ing b i rd s  4 t imes more abundant on 
ung r a zed compar ed w i t h  g r azed area . 

Reduced t r ee and shrub b i r d  neste r s ; b i rd 
populat ions rose 3 5 %  to 4 0 %  when g r a z i ng 
was e l iminated . 

Regene r a t ion i s  depressed . So i l  eros ion 
increases and wate r qua l i ty is lowered . 
W i ldl i f e  habi tat s ign i f icantly deprec iated 
through los s of under s tory vegetat ion and 
f a l len mast . 

Reduced t ree g r owth , d amag e to ground cover . 

Song b i rd/r aptor use increased i n  enclosures 
protected f rom g r a z i ng . 

Moderate g r a z ing ma intains hab itat for 
C a l i for n ia qua i l  in humid areas whe re 
brush or tree growth i s  dense . 

A l ter spec ies compe t i t ion , delay normal 
s uccess ion . Great var iabi l i ty in the 
e f f ec t  from area to a r ea . 

Re ference 

Dambach 1 9 4 4  

G ood  and Dambach 1 9 4 3  

USDA 1 9 7 8  

Wahlenberg 1 9 3 7  

Duf f 1 9 7 9  

Leopold 1 9 7 7 

Ryder 1 9 8 0  
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on the impacts of spec i f i c  programs over a per iod of 
several decades , however . 

I t  is impossible to assess , habita t  by hab i tat or 
species by species , every k ind of impact .  However , some 
defin i te trends in  forest management changes that will 
affect the qual ity and quant i ty of wildl ife habi tats are 
appa rent ( see Chapter 4 ) . 

Telescoping Plant Success ion 

Practices that speed the establ ishment of a new s tand , 
accelerate tree growth , and shor ten the rotat ion per iod 
compress some seral s tages . Al though grasses , forbs , 
and shrubs quickly invade newly exposed s i tes , potential 
c rop trees may not appear for several years without human 
intervention . 

Ar t i f icial regenerat ion i s  faster as seedl ings from 
genet ically super ior s toc k  are planted on prepared s i tes , 
and the seedl ings are spaced to accommodate mechanical 
harvest ing when they mature . S i te preparation may include 
burn ing or ch ipping the res idues of earl ier logg ing , 
removing stumps , provid ing for dra inage , mechanically 
t ill ing the soil , applying fer t i l izer , and us ing 
herbicides . These techniques may be appl ied singly or in 
combination . As the markets for fuelwood and s i lvi
chemicals grow , i t  i s  l ikely tha t comple te utili zation of 
the tree , includ ing s tump and roots , w i ll fur ther 
intensify s ite changes .  The removal of forest res idue s 
and s tumps will have a ser ious impact on forest soi l ,  the 
env ironment , and natural b iota . 

When natural regeneration occurs , grasses , forbs , and 
shrubs dominate the s i te for several years ,  and the 
p roduct ion of forage for herbivores is g reatly increased . 
Deer , rabbits , some types of mice , and a r ich assor tmen t 
o f  b i rds respond . When the s i te is cultivated and 
planted , however , fast-g rowing con i fers soon shade ou t 
lesser vegetation , and shrubs or hardwood tree sprouts 
are k illed with herbic ides if  they compete ser iously with 
the con i fers . The per iod when wild l i fe can use the early 
success ional s tages of vegetation is thus decreased by 
half or more . In general , the more intens ive the s i te 
preparat ion techniques used , the shor ter the per iod when 
the early seral s tage is  ava ilable to wildl i fe . In areas 
where large s i tes are devoted to plantation forestry , 
wildlife that need the very early seral s tages will 
decrease unless adequate hab i ta t  areas are prov ided . On 
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a few intens ively managed forests where the timing , 
spac ing , s ize , shape , and overall pattern is planned , the 
inter sper s ion of seral stages beneficial to many k inds o f 
wildl i fe is provided for . 

Shorter rotat ion of forests decreases the propor t ion 
of old tree growth . Southern pines grown for pulpwood 
somet imes are harvested in as l i ttle as 25 to 3 0  years .  
The s ilv iculture of Douglas f i r  in the Nor thwest is based 
on clearcut plantation management ,  w i th rotations as 
shor t as 50  years . Wildl ife species that depend upon 
older trees dur ing par t  of their l i fe will therefore 
decl ine as management intens i f ies . Other wi ldl ife  
spec ies requ i r ing younger trees may bene f i t , however .  In 
the Pac i f ic Nor thwest , shor tening the rotation per iod 
f rom 80 to 100  years to 50 years is repor ted to have 
doubled the capac i ty of forests to suppor t black-tailed 
deer . Several other species of herbivores have increased 
dramatically whereve r large quantities of new vegetation 
have become ava ilable following logg ing . 

Examples of wildl ife that need older trees include the 
spotted owl in the Pac i f ic Nor thwest .  Th i s  owl l ives in 
mature con i fer stands and is  threatened in Cal i fornia and 
Or egon because of increas ingly shor t rotat ion and the 
consequent d isappearance of old growth forests . The 
r ed-cock aded woodpecker in  the south is  another •old 
g rowth spec i es •  that requ ires mature trees , chiefly 
longleaf pines 80 or more years old , as s i tes for its 
nes ting cavities . The holes made in the l ive wood by 
th i s  woodpecker eventually are used by several other 
cav i ty dwellers  that do not make the i r  own tree holes . 
Across nor thern New England and the Lake States , 
wh ite-ta iled deer seek old growth con i fer  stands for 
p rotect ion dur ing the winter . 

Saving s tands of old growth spruce , f i r , and wh ite 
c edar will become increas ingly d i f f icult as landowner s  
intensify the i r  forestry operations and shor ten the 
rotation per iod .  In Ma ine , 3 5 0  areas where deer spend 
the winter  have been class i f ied as protection distr icts 
where cutting trees is  regulated by the s tate to ma inta in 
sufficient overhead shelter for winter ing deer . Such 
land use regulat ions are often temporary , however , and 
are not l ikely to be adequate to protect spec ial hab i tats . 

Even relatively small clumps of older trees can be 
impor tant to wildl i fe . In the Southwest , sui table 
roosting s i tes for wild turkeys consist of a group of a 
dozen or more ponderosa pines , 0 . 6  m ( 2  f t )  in averag e 
d iameter and 24  m ( 80 f t )  tall . Large ponderosa p ines 
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w i th high-den s i ty interlock ing crowns serve as nesting 
hab i tats for Aber t ' s  squ i r rels . Bald eagles also prefer 
nests in large old trees . 

Ma intain ing older trees in un i ts large enough to 
bene f i t  species that depend upon mature s tands will  
become more d i f f icult as the  demand for wood increases . 
Confl icts between government agencies and landowner s may 
occur because of the economic value of large trees and 
also because mature trees can be los t because of insect 
i nfestat ions or blown down by h igh winds . 

Streams ide zones where comple te removal of trees i s 
prohibited will , in add i t ion to ma intaining water 
qua l i ty ,  become increas ingly impor tant as places where 
older trees can be ma intained for the  bene f i t  of many 
spec ies of wildl ife . 

Chang ing Forest Dive r s i ty 

S i te preparation in tree plantations reduces or 
e l iminates s tumps , snags , and ground l i tter , and the 
trees themselves form dense canopies tha t reduce 
d i f ferences in the he ight of fol iage by cast ing shade 
tha t el iminates lowe r vegetative layers . There are fewe r 
forage- and mast-producing plants because of an emphasis 
on con i fers , and var ia tions in vegetation types and the 
r esult ing edges are masked because of s i te preparation . 
Finally , stands are harves ted a t  relat ively young ages , 
before older seral s tages develop . 

The loss of tree snags for hole-nest ing mammals and 
b i rds becomes an acute problem wherever intens ive 
forestry is practiced . Old snag s are el iminated , and 
qu ick rotation des igned to produce max imum economic 
returns does not allow time for the development of new 
snags . 

Al though intens ive forestry practices tend to r educe 
heterogene i ty ,  the interspers ion of var ious age classes 
of forest commun i ties can be enhanced by planning the 
spacing , timing , and con f iguration of reforestation and 
s i ze of harvest ing operations . Con i fer plantations may 
not suppor t as many k inds of wildl i fe as hardwoods or 
m ixed woods , but con i fer plantat ions scat tered among 
poor qua l i ty second-growth hardwoods can enhance the 
value of a reg ion for wildl i fe . Plantations w i th 
var iable-s i zed un its can improve edges , prov ide 
add i t ional shelter , and attract new wildl i fe spec ies . 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


1 3 1  

Th e  key t o  accenting the posit ive effects o f  plantat ions 
is careful plann ing appropr iate to local cond i t ions . 

Once the trees in regenerating s tands have grown 
beyond the early stages , th inn ing reduces compe t i t ion and 
f avor s the eventual crop t rees . Slow-growing , d iseased , 
and poorly formed trees are removed . But th inn ing can 
a l so enhance structural d ivers i ty and improve the habitat 
for some types of wildl i fe by st imulat ing growth of the 
under story . In some fores t  types the bene f its of th is 
pra c t ice to wildl ife are shor t-l ived , s ince one obj ect ive 
o f i n tens ive management is to ma inta in crown closure and 
reduce competit ive crown over lap . In other types of 
for e s ts ,  such as ponderosa p ine forests in the Southwest , 
the benefits of th inn ing last longe r and can greatly 
i n c r ease understory product ion ( Reynolds 1 9 6 2 ) . 
Under s tory forage response is  var iable and is related to 
s i te qual ity ,  res idual crown dens i ty ,  overstory 
compos i t ion ,  and the success ional stage of the stand 
( Zeedyk and Evans 1 9 75 ) . 

Fo rest modi f icat ion can range from • l ight • ( uneven-aged 
s i lv i culture ) to •heavy •  (clearcutt ing followed by s i te 
p r eparat ion and plant ing ) ( Crawford and Titter ington 
197 9 )  • Between these extremes there are many degrees of 
cutt ing . The e f fects on w i ldl i fe habi tats d i f fer along 
the cont inuum . The pract ices mos t  bene f icial to wildl ife 
h ab i tats may not always be eas ily def ined but are l i kely 
to be somewhere between the extremes for most forests . 

The select ion of a harvest ing system is  governed in 
par t  by its influence on the regenerat ion of the next 
s tand . For many forest types , clearcutt ing is  recommended 
for successful natural regenerat ion . I t  is also the 
method employed when a plantat ion system of regenerat ion 
i s  used . 

The s i ze ,  shape , and pos it ion ing of clearcuts and 
t im ing of clearcutt ing influence the interspers ion of ag e 
c lasses , the amount of edge ava ilable , and the overall 
hor i zontal d ivers ity of the area . Vert ical d iversity 
w ith in stands is  minimi zed by clearcutt ing , but hor izontal 
d iver s ity can be enhanced except where large clearcuts 
a re made c lose to each other . 

The clearcutting of scattered small blocks of trees i s  
r ecommended to improve w i ldlife habi tats for grouse , 
woodcock ,  deer , and othe r spec ies that use regenerat ing 
s tands . Songbirds and small mammals usually respond 
qu ickly to th i s  practice . Clearcuts of more than 20 ha 
( 5 0 acres ) are not well used by some k inds of wildl i fe , 
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however ,  and when adj acent t o  each other they create 
l arge expanses of even-age s tands that are not des irable . 

Under even-aged management , harvest s  are made at 
�ntervals to remove selected trees or groups that have 
reached merchantable s i ze . Uneven-aged management for 
most species of trees mainta ins a for est in the later 
s tages of success ion , and shade-tolerant trees are 
favored . Ver t ical d iver s i ty is increased , wh i le 
hor izontal diversity decreases ( Zeedyk and Evans 1975) . 

Clearcutting or even-aged management will  increase as 
forest management intens i f ies , espec ially on industr ial 
forests . Uneven-aged management will be practiced on 
some pr ivate lands for aesthetic reasons and in some of 
the nor thern hardwoods , where the species tolerant of 
shade such as sugar maple and yellow birch are favored . 

A th ird opt ion , somet imes refer red to as exploi tation , 
occur s  when a landowner dec ides to l iqu idate a t imber 
r esource without regard to the future of the area . All 
merchantable mater ial i s  removed , and • the exploi ted 
forest normally develops a d istinctive two-stor ied 
cond it ion of scattered , nonmerchantable rel ics over
topping an even-age understory • ( Zeedyk and Evans 1975) . 

Exploi tat ion logg ing is repor ted to be the most common 
practice on pr ivate nonindustr ial forests throughout the 
country and poses a major challenge . Heavy •opportunistic 
cutting , • at best poor forestry , probably contr ibutes to 
very long rotation per iods and is probably detr imental to 
w i ldl i fe spec ies requ ir ing ear ly success ional stages . 

Convers ion of Hardwood S i tes to Con i fers 

Clear ing hardwoods from a s i te and replac ing them with 
con i fers will  accelerate , espec ially in the South and in 
varying degrees in the Nor theast and the Lake States . In 
a recent summary , the Nat ional Forest Products Association 
( 1 98 0 )  indicates that about 14 mill ion ha ( 35 mill ion 

acres ) of hardwoods can be converted to pine , ch iefly in 
the Eas t ,  on s i tes where the growth rates of pine can 
produce an incremental rate of return of at least 10  
percent after taxes . Wh i le not made as a proj ect ion , 
th is informat ion does indicate the potent ial magnitude of 
convers ion . There are , of course , addi t ional mill ions of 
hectares of hardwoods that may be conver ted i f  economic 
cond i t ions make i t  profitable . 

Whereve r hardwoods are converted to con ifers on a 
large scale , wildl i fe habitats are ser iously reduced , 
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since hardwood forests support a greater divers ity and 
abundance of wildl ife than do con ifer s .  Structurally 
simplif ied plantations of a s ingle spec ies cannot suppor t 
the w ildlife character istic of more diverse stands . 
FUr thermore , conversion usually occurs on the moat fertile 
s ites , where the forage is more nutr itious to wildl ife . 
In the pine reg ions of the South , the convers ion of 
hardwoods to con ifers represents a shift from a habitat 
type that is decl ining to one that is already quite 
common .  

Greater Access 

Inten s ive management requires improved access to forests . 
Bence road systems to forest lands will continue to 
expand , with mixed consequences for wildl ife . The 
opportunity for human be ings to enj oy the recreational 
values of wildl ife will be enlarged and ther e will be 
g reater flexibility in management operations , thus 
improving coordination of timber -wildl ife management 
programs . But increased access will also intensify 
confl ict between landowner s  and recreat ional user s , 
increase poach ing , and s igni ficantly reduce the quality 
of the recreational exper iences be ing sought .  

Increase i n  Porest Peat Problem 

Even-aged forests containing s ingle species of trees are 
more vulnerable to damage from wildl i fe , insecta , and 
disease . Deer , elk , moose , hare , rabbits , porcupines , 
squirrels , mice , and some birds feed upon seeds , shoots , 
or buds . Young plantations of f i r s  are par ticularly 
vulnerable to animal damage .  Hence animal damage will 
increase . Animal damage will also be severe if hardwoods 
a re planted on a larger scale to serve as b iomass for 
energy production . 

Outbreaks of insecta have caused major changes in 
forests over large areas , with harmful impacts on wildl ife 
species . Although some s i lvicultural practices are be ing 
used that may lessen insect attacks , several decades will 
pass before such practices are appl ied on a scale large 
enough to appreciably reduce the problem . Large-scale 
spraying of chemicals to control insecta will continue to 
threaten forest ecosystems . Shorter rotat ion strateg ies 
in some forest types will be effective in reducing insect 
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�ttacks but will contr ibute fur ther to the removal of 
older trees needed by some species of w ildl i fe . 

IMPACT OF GRAZ ING ON FOREST LANDS 

Graz ing by l ivestock is generally cons idered detr imental 
to wildl i fe habitats in most hardwoods , r ipar ian habitats , 
and in places where the l ivestock d isturb the sur face 
suff ic iently to compact root systems or increase eros ion . 
Deter iorat ion of w i ldlife habitats from eros ion is  common 
and often severe . The soi l  loss from grazed woodlands in 
northwestern Missour i ,  for example , is as h igh as 31 . 3  
metr ic tons pe r  hectare pe r year ( 1 4  tons pe r  acre per 
year ) . Woodland protected from graz ing has an average 
so i l  loss of less than 1 . 1  metr ic tons per hectare pe r 
year ( 0 . 5 tons per acre per year ) ( USDA 1 9 7 8 ) . 

In some areas , however ,  graz ing in dense woody 
vegetat ion may create or ma inta in open ings and edges that 
bene f i t  wildl i fe . Controlled graz ing also is  compat ible 
w ith t imber and wildl i fe in some con i fer forests in the 
West , Southwest , and South , where abundant forage 
p roduction occurs naturally under sparse tree growth . In 
most of the midwestern states , where hardwood forests are 
a minor land use scattered throughout agr icultural areas , 
one th ird to three quarters of all woodland i s  grazed . 
The ab i l i ty of these woodlands to provide habi tats for 
wildl i fe is greatly reduced because of the loss of 
understory vegetat ion and mast . 

Ryde r (1980 ) has provided a comprehens ive review of 
the effects of g raz ing on b i rd habitats . Graz ing may 
el iminate some plants , alter spec ies compos it ion , modi fy 
plant growth form , delay normal success ion , or sh ift the 
community to an ear l ier seral stage . Ground and shrub 
l ayer s  are mod i f ied or el iminated in forests , to the 
detr iment of spec ies that forage or seek cove r in the 
lower strata . All in all , forest structural d iversity is 
reduced . Ryder ( 1 9 8 0 ) also notes that the effects of 
g raz ing vary from area to area and concludes that graz ing 
can be a power ful tool . 

The pressures to prov ide more land for graz ing are 
great . Open range laws are still  prevalent , and in some 
r eg ions graz ing is a trad i t ional use of forest land . 
Competit ion for food between l ivestock and w ildl i fe and 
hab i tat destruct ion from overgraz ing are common .  
Although graz ing in federally owned areas presumably i s  
better controlled , i n  an effort to increase graz ing 
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allotments for pr ivate users , graz ing in one nat iona l 
forest i n  1 9 81 was destroy ing an understory of hawthorn 
shrubs , wh ich provides impor tant brood habitat for 
turkeys and ruffed grouse , in an effor t to increase 
graz ing allotments for pr ivate user s . 

Damage to r ipar ian zones because of graz ing is 
widespread , frequently in areas where narrow belts of 
flood plain forest are the only tree cover . Because 
ripar ian hab itats have unique value for wildl i fe ,  some 
author s refer to them as endangered and in need of 
immediate protect ion from overgraz ing . There is every 
indication that overgraz ing will increase on pr ivate 
lands , lead ing to fur the r deter iorat ion of wildl if• 
habitats . Better control of graz ing on both pr ivate and 
publ ic lands is needed and long overdue . 

LOSS OF FOREST LAND 

Convers ion of forest land to cropland or to urban-related 
uses , s uch as roads or reservoirs , will  cause fur ther 
loss of wildl ife habitats . OVerall , a 5 percent decrease 
in forest land by 2010 is  proj ected . Clear ing for 
cropland will be much h igher locally , with marked 
reduct ions in w i ldlife . Some of the forests that will be 
lost are among the most product ive and valuable for both 
w i ldl ife  and wood products . 

Th e most s ignif icant decl ine in w i ldl i fe habi tats will 
resul t from the continued conver s ion of bottomland 
hardwoods to cropland in the Miss iss ipp i  alluvial plain . 
In 1 9 3 7  there was an est imated 4 . 8  mill ion ha ( 11 . 8  
mill ion acres ) of bottomland hardwoods in the lower 
Miss i s s ipp i  area . About 2 . 1  mill ion ha ( 5 . 2 mill ion 
acres ) rema ined in 1 9 7 8 . Project ions to 1 9 9 5  indicate 
that another 0 . 5  mill ion ha ( 1 . 3  mill ion acres ) will  be 
lost . Soybeans is the ma in crop replacing bottomland 
forest s . Soybean product ion is st imulated by • the expor t 
advantage prov ided by PL 480  ( Food for Peace Prog ram ) • 
and the abi l ity of soybeans to tolerate poorer soi l s  
(MacDona ld et al . 1 9 7 9 ) . 

Important losses of bottomland hardwoods have also 
occu r r ed because of poor agr icultural pract ices . In 
Tennessee an estimated 3 2 , 4 0 0  ha ( 80 , 0 0 0  acre s )  of 
bottomland hardwoods has been k i lled dur ing the past 
half-century by s iltat ion and by s tanding water dammed up 
by s i l t  and debr is . 
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Smaller losses of bottomland& will occur i n  most other 
parts of the South . In the heavily forested Ozarks , 
sizable areas of upland hardwoods will be cleared for 
pasture to accommoda te r is ing demands for forage for 
l ivestock . Ex ist ing tax incentives will also cont inue to 
encourage the convers ion of woodlands to ag r icultural 
uses . Biolog ists throughout much of the South and in the 
central states believe that convers ion of woodlands to 
other uses i s  a major problem in the loss or degradation 
of forest wildlife habitats . 

, MITIGATING THE LOSS OF WILDLIFE HABITATS 

Al though per iod ic small-scale d isturbance of woodlands is 
benef icial to ma intaining a var iety of habi tats , the 
appl ication of intens ive forestry practices over large 
areas will gradually erode the util ity of forests for 
w ildl i fe .  Combined with the cont inued loss of forests to 
othe r uses and the degradation of habi tats from graz ing , 
eros ion , and other causes , the impacts of intensive 
forestry on wildl ife will be severe locally . 

Technology is ava ilable for accent ing the pos i tive 
influences of forest management and mitigating adverse 
impacts . Methods for meeting both t imber and wildl i fe 
needs are be ing tested in some publ ic areas , chiefly 
nat ional forests , where management for multiple purposes 
is requ ired by law . Progress has been slow , however ,  and 
additional commi tments will be needed to implement the 
programs descr ibed in plann ing documents . 

Some cons ideration of wildlife needs is be ing 
incorporated into industr ial forestry activit ies , partly 
for the sake of publ ic relations and in a few cases 
because of income from leas ing land for hunt ing . There 
i s l i ttle planned wildlife habi tat management in pr ivate 
non industr ial forests , however , s ince mod i fy ing the 
s ilvicultural or harvesting operat ions or retaining the 
special habitats needed by some wildl i fe spec ies can be 
costly to landowners . 

I t  is unrealistic to expect landowners to alter the ir 
forest management operations on a scale large enough to 
s igni f icantly bene f i t  wildl i fe without f inanc ial 
incentives . Despite personal interest in wildl ife , few 
l andowners can afford to make the trade-offs required . 
Ways mus t  be developed to prov ide a f inanc ial incent ive 
to landowner s  for ma inta in ing wildlife habi tats . Thi s  
would b e  n o  different , i n  pr inciple , from the many 
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incent ive programs already in operation for many other 
forestry and agr icultural practices . 

The demand for softwoods by 2 0 3 0  is expected to 
increase by 5 8  percent , for hardwoods the increase is 
expected to be 207 percent . This wood will come from 
both public and pr ivate lands , but farmers and other 
pr ivate owners are expected to prov ide the largest par t 
of the increase (USDA 1980 ) . The National Forest 
Products Association (1980 ) est imates that output from 
small owners must increase nearly 1 0 0  percent to meet 
ant ic ipated demands within the next 50 years . 

The problem of low timber productivity from the 
pr ivate nonindustr ial sector is rece iving increasing 
attention by the Society of Amer ican Foresters , the 
Amer ican Fores t Institute , the National Forest Products 
As soc iation (NPPA) , and others .  Shor t owner tenure , 
inadequate investment tax cred i ts , the inability to 
acqu ire needed techn ical help , and the w ide range of 
indiv idual reasons for own ing woodlands all h inder bette r 
management practices . 

The NPPA pr ivate woodland program (National Forest 
Products Association 1980 ) includes 19 proposals that 
would : 

( 1 )  enhance the economic cl imate for forestry 
investments ' 
( 2 )  provide for adequate technical ass istance and 

suppor t services to landowner s ,  and 
( 3 )  famil iar i ze landowners with the attractiveness of 
forestry investments and of the technical and 
f inanc ial help ava ilable to them. 

Ass istance programs will probably expand and have an 
i ncreasing influence on forest use . Differential taxes , 
more moderate estate taxes , loan prog rams , and more 
r ead ily ava ilable technical services are among the most 
l ikely incentives . 

Wh ile such programs may encourage better management 
for f iber production , they can also stimulate the 
appl i cation of technology to mitigate the loss of other 
forest values , including wildl ife hab i tats . Existing 
p rog r ams offer a framework for incorporating f inancial 
incentives to landowner s  for saving or enhanc ing hab i tats 
that otherwise would continue to be degraded or lost . 

Current barometers of publ ic attitudes about natural 
r esources indicate that the publ ic has greater interest 
in resource management than ever before (Vaux 1 9 8 0 ) . 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


1 3 8  

That interest i s  expressed i n  par t by debate about land 
management practices . Clearcutting is a recent example .  
I t  is  also man ifested i n  increased land use regulation . 
In the case of forests , such regulat ion has included 
mandates for multiple-use management in federal areas , 
and some states have adopted spec i f ic forest practices 
acts . 

Recent publ ic surveys also ind icate h igh interest in 
wildl i fe resources and public will ingness to pay for the 
protection of w i ldlife hab i tats . In one survey , for 
example , 76 percent of the respondents agreed with the 
s tatement , •cutt ing trees for lumber and paper should be 
done in ways that help wildl ife even if th is results in 
h igher lumber pr ices • ( Kellert 1 9 79 ) . The responses to 
several othe r statements in the same survey also 
indicated a strong publ ic des ire to protect wildl ife 
habitats . 

CONFLICTING GOVERNMENTAL PROGRAMS 

Scores of cur rent federal and state act ivities have an 
impact on wildl ife habitats in forests . They range from 
coat-shar ing practices for brush control (wh ich sometimes 
means control of tree reproduction ) to the purchase and 
convers ion of forests to croplands , the creation of 
r eservoirs in wooded draws , subs idized dra inage and 
channel ization proj ects that destroy r ipar ian forests , 
FHA loans that permit land development without the 
bene f i t  of a comprehensive plan , and others . Too often , 
these and s imilar incent ive programs are detr imental to 
wildl ife or to other natural resource values . 

A cr itical rev iew of land management programs is  
urgently needed to assess the i r  impact on the tota l 
ecosystem and to identify the long-range consequences of 
the ecolog ical trade-offs encouraged by var ious k inds of 
governmental suppor t .  Some ex ist ing measures clear ly are 
counterproduct ive . What government has wrought is a 
p iecemeal approach that prov ides landowner s  w i th 
incent ives for s ingle-purpose and conflicting obj ectives 
that all too frequently cause ser ious and irrevers ible 
damage to the land . 

OUTLOOK 

Dur ing coming decades the impor tance of forests for 
w i ldl i fe habitats will increase because of more intens ive 
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use of nonforested land and also because of greater 
publ ic concer n  about wildl ife resources . S i lvicultural 
practices used to increase wood production often will aid 
i n  maintaining a d iver s ity of wildl i fe habitats , but 
wherever such practices as s ite preparat ion and intens ive 
cultivation are appl ied over large areas , or where 
grazing and other uses reduce forest diversity ,  the 
ability of woodlands to suppor t a var iety of wildlife 
species will be reduced . 

The future of forest wildl ife on federal lands will be 
governed by law and by the effectivenes s  of multiple-use 
management of the land . While regulat ion will play a 
role in  safeguard ing special areas for wildl ife on pr ivate 
lands , s trong economic incentives must be prov ided i f  the 
publ ic des ires to ma intain and enhance su itable �abitats . 
The increas ing demand for forest products , new efforts to 
develop incentive programs for pr ivate landowners , and a 
strong publ ic will ingness to ma intain wildl ife habitats 
provide an excellent oppor tun i ty for adopting new 
approaches that integrate wildlife protect ion with sound 
forest management . 

RESEARCH NEEDS 

• Research must be expanded and accelerated to 
determine and evaluate the response of wildl ife 
populations to forestry management pract ices . Th i s  
research should b e  focused o n  intens ive forestry pract ices 
and in reg ions where such practices are l ikely to expand . 

More information is needed regard ing the attitudes 
and needs of owners of forest lands , espec ially pr ivate 
non industr ial owner s .  Without such information , wildl ife 
conservation programs may not be respons ive to needs and 
will not be implemented . 

More study i s  needed of the economic trade-offs 
(cost-benef i t  analyses ) of integrat ing forestry and 

wildl i fe concerns in plann ing . In these s tud ies , methods 
of provid ing income to landowner s  for mean ingful habitat 
preservation or enhancement should not be overlooked . 

• Research is  needed to compare the public 
acceptab ility and economics of alternative means of 
promot ing habi tat management . Compat ison of pr ivate 
incent ive programs and land use regulat ions would be 
valuable .  
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8 
Impacts of Agricultural Trends 
on Western Rangeland Habitats 

THE RANGELAND RESOURCE 

" Rangeland is land on wh ich the potent ial natur al 
vegetat ion is predominantly g r asses , grass-like  plants , 
f or bs , or shr ubs � inc lud ing land revegetated naturally or 
ar t i f ic i ally that i s  managed l i ke nat ive vegetation" 
( USDA , For est Service 1979 ) . 

A hug e  par t of the Un ited States is made up o f  
r angeland , whose uses and resources f igure prom inently in 
the economic and soc ial we lfare of the country as well as 
being the dr iving forces in  local and reg ional economies. 
Rangelands , together with for est lands , are also the mos t 
product ive and largest habitats for wildl i fe in the 
Un ited States because they are managed les s  intens ively 
than other k i nds of ecosystems . 

For the purpose of br iefly descr ibing the maj o r  
r angeland types o r  ecosystems in the 17 cont iguous 
we stern states , we have leaned heav i ly on two documents : 
Descr ipt ion of the Ecoregions of the Un i ted States 
(Bai ley 19 7 8 )  and An Assessment of the Forest and Range 
Land S i tuat ion in the Uni ted S tates ( USDA , Forest Service 
19 80 ) . These contain the most  up-to-date stat i st ical 
d ata ava ilable on r angelands . Data on wildl ife 
d i str ibut ion and number s ,  as reflec ted by harve s t  
s tatistic s ,  were obtained from Schwe i tzer et al . ( 1980 ) . 

Of the mor e than 6 8 8  mill ion ha ( 1 . 7  billion acres)  of 
f orest land , r angeland , and water areas in the Uni ted 
States , some 3 3 2  million ha ( 8 2 0  mill ion acres)  i s  
c lassed as r angeland ( inc lud ing both nat ive and exot ic 
plant spec ies ) (Table 8-1) . More than 99 percent of th e 
r angeland i s  located in the 17 western states , i . e . , 
those state s  on or west  of the lO O th mer id ian . Fur ther 
more , r angeland compr i ses more than 5 0  percent of the 

14 4  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I m p a c t s  o f  E m e r g i n g  A g r i c u l t u r a l  T r e n d s  o n  F i s h  a n d  W i l d l i f e  H a b i t a t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 3 8

http://www.nap.edu/catalog.php?record_id=19538


14 5 

TABLE 8-1 Area and Ecosystems Represented i n  Rangelands 
of the 17 Western States ( 1000  hectare s )  

Pac i f ic 
Oregon 
Wash i ng ton 
C a l i f or n i a  

Mountai n 
Ar i zona 
Color ado 
Idaho 
Montana 

New Mex ico 

Nevada 
U tah 

Wyom ing 

South e r n  P l a i n s  
Texa s  

Oklahoma . 

Norther n P l a i n s  
Kansas 
Nebr a s k a  
Nor t h  Dakota 
South Dakota 

TOTAL 

Hectares 
o f  
Rangeland 

9 , 0 3 4  
3 , 19 5  

17 , 4 1 8  

1 8 , 2 8 0  
1 1 , 2 5 9  

9 , 5 5 0  
2 1 , 5 8 4  

19 , 7 19 

2 3 , 0 22 
1 2 , 0 2 0  

18 , 9 7 9 

3 7 , 0 7 0  

3 , 7 6 4  

6 , 588 
9 , 8 2 4  
4 , 9 7 6  
9 , 4 6 9  

2 3 5 , 7 5 2a 

Percent of 
Land Area 
of State in 
Range land 

3 6  
1 9  
4 3  

6 2  
4 2  
4 5  
5 7  

6 3  

79 
5 2  

7 6  

5 5  

2 1  

3 1  
4 9  
2 8  
4 8  

6 0  

Percent of 
Rangeland 
i n  Pr ivate 
Ownership 

4 1  
7 9  
4 1  

5 4  
6 9  
3 1  
7 9  

6 9  

8 
2 2  

5 6  

9 9  

9 8  

99 
9 8  
8 8  
9 3  

6 3  

Major 
Ecosystems o r  
Rangeland 
TypeS 

Tund r a  
Mountain meadow 
Aip ine 

g rassland 
Deser t shr u b  
Sagebrus h 
Annua l 

grassland 

Sagebrush 
Mountain meadow 
Tund r a  
Alpine 

g rassland 
Dese r t  

grassland 
P i nyon- jun ipe r 
Chapa r r a l

mountain shrub 
Plain s 

g r assland 

P l a i n s  
g r assland 

P r a i r i e  
Scrub savanna 
P inyon-junipe r  
Deser t 

grassland 

Tallg rass , 
midgrass , and 
shor tgr a s s  
pra i r ies 

8Tota l  area o f  r angeland in the 1 7  cont iguous western s tates , 
Ala s k a , and Hawa i i  is 814 , 97 5 . 4  acres . 

SOURC E : Data f rom USDA , Forest Service 1 9 8 0 , Table 2 . 3 ;  and Bai ley 
1978 . 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


146 

land area of e ight states : Alaska , Ar i zona , Montana , 
Nevada , New Mex ico , Texas , Utah , and Wyoming . The federal 
government owns over 54 percent of the r ange lands , and 
t he agenc ies charged with admini ster ing and manag i ng the 
g reater par t of thi s  land are the u . s .  Forest Service of 
t he Depar tment of Agr iculture , the Bureau of Land 
Management ( BLM) , the u . s .  F i sh and W i ldl ife Service , the 
N at ional Par k  Serv ice of the Depar tment of the I nter ior , 
and the Depar tment of Defense , wh ich owns many m i l i tar y 
r eservat ions . The Forest Serv ice and the BLM are by far 
the two largest administrator s of public lands . Thus 
these two have had a maj or impac t through the year s on 
how and for what purposes the rangelands have been used . 

Ranges are used for animal agr iculture and for 
products obtained from management of the land for reason s 
r elated to the i r  phys ical proper t ies . Rangelands are 
ord i nar i ly fer tile lands , but i n  many places they ar e 
s teep or prec ipitous and the i r  soils  are too th i n ,  rocky, 
or saline for cult ivat ion ( S toddar t and Smith 195 5 ) . 
P r ec ipitat ion i s  usual ly i nadequate , e i ther in amount or 
seasonal d i str ibut ion , to ensur e dependable produc t ion of 
r ow c rops . Rangelands are more suited , phys ically and 
ecolog ically , to growing for age plants i n  extensive 
systems that c an be e f f ic iently managed for and harvested 
by graz ing and brows ing herbivores , be they domest ic or 
w i ld .  Moreover , the plant commun i t ies i n  these areas 
control the prec ipi tat ion runof f that provides water i n  
these semiar id and ar id lands . I n  add i t ion , r angelands 
serve as wate r catchments that r echarge aqu i fe r s  and 
r iver systems from which water is drawn , often many 
hundreds of m i les from its source . 

Rangeland Wild l i fe Resources 

W i ldlife is one of the g reat resources of the wester n 
Uni ted S tates . As obj ects of spor t hunt ing and 
nonconsumpt ive uses , w i ld l ife attracts many v i s i tor s to 
the r eg ion and i s  of gr eat interest to the local res idents 
as well . The fauna i s  par t icular ly r ich in large 
ung ulates , carn ivores , rodents , and lagomorpha . Table 
8- 2 lists  harvests of large mammals and upland g ame bird s 
i n  the 17 western states in 1975 , with est imates of the 
percentages of these animal s  taken on publ ic lands 
( Schwe itzer et al . 1980 ) .  Many spec ies of g rouse , other 
upland g ame birds , and water fowl occur there .  
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TABLE 8-2 We stern S ta tes B i g  Game and Game B i rd Harve s t , 1975 , and Expec ted 1985 
Percentage o f  1975 Harve s t ; Numbe r o f  Us ers and Pe rcentage of Harve s t  That Oc curre d  

on P ub l i c  Land in 19 75 

TABLE 8-2a Pac ific Coast States 

Washington Oregon 
Harvest Users Harve st Users 

seecies 1975 1985 ( \ )  1 9 7 5  \ Publ ic 1975 1 98 5 ( \ )  1 9 7 5  \ Publ i c  

Antelope < 10 0 0 5 0  7 3 0  1 0 5  1 , 580 90 
Elk 5 , 500 100 104 , 000 80 10 , 700 1 1 0  6 9 , 200 8 0  
Rooseve lt elk 5 , 400 105 3 , 8 3 0  1 1 5  36 , 100 60 .... 
Mountain l ion 2 1 0  100 2 , 700 90 20 200 100 90 ... 
Wild turkey 100 1 , 5 2 0  9 0  

.... 
1 3 0  2 0  2 0  2 0 0  300 

Black-tai led deer 2 3 5 , 000 1 1 0  4 6 , 300 1 2 5  1 5 3 , 000 70 
Mu le deer 1 6 , 800 1 2 0  3 2 , 000 200 1 1 8 , 000 70 
Whi te-tailed deer 8, 300 110 200 1 1 0  6 0  
Mounta in goat 2 7 0  9 0  8 7 4  1 0 0  < 1 0  0 100 
Bighorn sheep 10 300 2 3  100 1 0  2 00 100 
Black bear 3 , 8 2 0  1 0 0  2 3 , 700 60 1 , 600 105 1 5 , 000 80 
Chukar partridge 1 7 3 , 000 1 1 0  3.6 . 500 20 1 1 3 , 000 1 2 5  2 0 , 800 70 
Common snipe 3 5 , 800 100 7 , 500 3 0  
Sage grouse 1 , 04 0  9 0  2 , 700 2 0  2 , 000 100 1 , 500 70 
Band-ta i l ed pigeon 8 3 , 000 100 18 , 1 00 2 0  6 2 , 000 1 5 0  10 , 500 60 
Hungarian partridge 6 3 ; 200 1 1 0  2 4 , 500 10 1 5 , 400 100 5 , 100 5 0  

Ring-necked phea sant 4 34 , 000 70 9 9 , 500 1 0  1 7 2 , 000 1 5 0  58 , 700 1 0  
Mourning dove 2 5 0 , 000 100 2 6 , 000 20 182 , 000 100 1 7 , 700 5 0  
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TABLE 8 - 2 a  ( continued) 

Ca l i forn ia 
Harvest Users 

Spe cies 1975 1 98 5 ( \ )  1975 \ Publ i c  

An telope 3 1 0  1 1 0  3 7 5  100 
Elk 50 100 50 100 
Rooseve l t  e l k  
Mounta in l ion 10 0 
Wild turkey 2 , 500 1 2 5  10 , 000 0 ...... 
Black-ta i l ed deer • 

CD 
Mule deer 66 , 000 1 7 5  3 90 , 000 70 
White-tailed deer 
Mountain goat 
Bighorn sheep < 1 0 0 
Black bear 600 100 30 , 000 90 
Chukar partri dge 
Common snipe 1 0 3 , 950 100 
Sage grouse 
Band-ta i led pigeon 1 1 1 , 300 1 2 5  2 2 , 500 50 
Hungarian partridge 
Ring-necked pheasant 560 , 000 1 2 5  190 , 000 
Mourning dove 
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TABLE 8 - 2b Mountain S tates 

Wyomins Montana 
Harve s t  Users Harve st Users 

Spe ci es 1 9 7 5  1985 ( \ )  1 9 7 5  \ Publ ic 1975 1985 ( \ )  1 9 7 5  ' Public 

Moose 1 , 500 87 1 , 900 80 500 1 3 7  760 70 
Antelope 5 5 , 000 7 1  64 , 000 60 1 7 , 300 147 2 5 , 000 30 
Elk 1 7 , 000 109 46 , 000 100 14 , 600 109 90 , 700 70 
Mountain l ion 1 0  8 50 8 0  1 0 5  4 06 90 
Wi ld turkey 1 , 800 167 4 , 100 2 0  940 109 2 , 665 90 
Mul e  deer 5 , 800 1 1 9  8 9 , 000 60 4 9 , 000 1 1 9  1 1 1 , 900 4 0  
White-ta i l ed deer 1 5 , 000 100 2 2 , 000 10 28 , 500 153 65 , 700 4 0  ..... 

• 
Mountain goat < 1 0 100 4 100 2 5.0 1 4 5  5 0 0  9 0  10 
Bighorn sheep 100 1 5 0  3 5 0  100 100 2 0 2  7 5 0  9 0  
B l a c k  bear 2 5 0  1 3 0  2 , 500 100 1 , 300 1 3 2  8 , 000 60 
Brown bear < 1 0 160 1 0  1 1 5  790 90 
Chukar partr idge 14 , 000 100 3 , 000 2 0  800 1 3 7  48 , 900 1 0  
Ru f fed grou se 7 , 000 1 3 0  2 , 000 90 4 7 , 400 129 3 2 , 700 90 
Sage grouse 4 9 , 000 1 2 2  12 , 000 7 0  4 5 , 000 109 3 1 , 600 3 0  
Blue grouse 9 , 000 144 3 , 000 90 4 9 , 000 1 2 4  3 2 , 700 90 
Little brown crane 1 0  48 
Sharp-tailed grouse 2 , 300 2 1 3  920 50 8 7 , 700 1 2 5  3 16 , 000 30 
Hungar ian partr idge 6 , 000 100 2 , 000 20 56 , 500 1 1 0  4 8 9 , 000 10 
Ring-necked pheasant 2 7 , 000 70 1 1 , 000 58 , 600 1 2 6  48 , 900 30 
Mourning dove 4 3 , 000 4 , 000 70 
Gambe 1 ' s qua i 1  
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TABLE 8-2b ( con tinued) 

Colorado Nevada 
Harvest Users Harvest Users 

Spec ies 1975 1 98 5  ( \ )  1 9 7 5  \ Public 1975 1 98 5 ( \ )  1 9 7 5  \ Publ i c  

Moose 
An telope 3 , 100 177 4 , 4 0 0  4 0  2 2 0  9 2  3 98 8 0  
E l k  24 , 000 108 1 3 1 , 700 100 10 333  10 100 .... 
Moun t a i n  l ion 50 192 185 100 90 80 Ul 
Wild turkey 4 4 0  4 8 8  1 , 34 0  3 0  

C) 

Mul e deer 5 5 , 300 1 7 1  1 5 5 , 500 80 7 , 2 5 0  2 34 34 , 12 1  90 
Wh i te-ta i l ed deer 2 00 1 2 5  
Moun tain goat 20 444 20 100 1 3 3  90 
B ighorn sheep 4 0  986 1 7 0  100 30 177 54 100 
Black bear 56 1 1 7  1 1 '  2 0 0  80 
Brown bear 
Chukar partr idge 1 , 7 2 0  668 100 1 3 0 , 000 154 1 3 , 94 0  90 
Ru f fed grouse 100 
Sage grouse 10 , 500 83 6 , 48 1  100 17 , 7 3 0  1 1 3  7 , 88 7  9 0  
Blue grouse 4 0 , 800 1 3 2  1 5 , 98 5  8 0  2 , 1 7 0  185 1 , 4 2 7  1 0 0  
L i t t l e  brown crane 80 
Sharp- tai led grouse 1 , 4 50 6 1  1 , 03 3  100 
Hungarian partr idge 4 , 700 128 1 , 2 38 8 0  
Ring-necked pheasant 105 , 6 2 0  6 9  5 9 , 300 20 
Mourning dove 688 , 000 1 18 4 1 , 000 4 0  140 , 640 1 2 , 4 2 9  9 0  
Gambe l ' s qua i l  3 , 000 93 1 , 000 4 0  5 1 , 000 1 96 6 , 169 90 
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Utah Idaho 
Harve st Users Harvest Users 

S�cies 1975 1985 ( \ )  1 9 7 5  \ Publ ic 1 9 7 5  1985 ( \ )  1975 \ Publ i c  

Moose 4 3 , 180 100 1 5 , 580 60 1 2 5 , 2 00 1 3 2  2 3 , 800 70 
Ante lope 2 3 , 4 7 0  1 1 0  
E l k  1 9 , 560 100 1 3 , 8 3 1  7 0  57 , 700 1 3 4  2 7 , 400 70 
Mountain l ion 3 2 , 640 110 
Wild turkey 
Mule deer 1 50 100 150 3 , 000 3 3 3  2 7 , 400 4 0  
Whi te- ta i led deer 6 , 3 5 0  1 5 0  3 , 676 30 68 , 400 1 2 3  19 , 500 40 
Mounta in goat 154 , 2 2 0  166 78 , 94 9  2 0  268 , 900 75 78 , 900 30 
Bi ghorn sheep 34 1 , 630 100 34 , 2 3 1  3 0  246 , 800 1 1 1  24 , 500 20 
Black bear 5 , 700 100 
Brown bear 2 0  3 0 0  2 5  100 100 145 100 70 
Chukar partridge 190 110 245 100 1 , 2 00 127 2 , 000 80 
Ruffed grouse 2 , 6 3 0  1 1 5  1 9 , 946 100 8 , 600 1 1 1  94 , 100 80 .... 

Ut 
Sage grouse 190 110 363 100 140 107 400 90 .... 
Blue grouse 10 4 5 0  1 3 7  80 2 0  4 06 300 80 
Little brown crane 5 3 , 3 1 0  188 1 96 , 4 3 1  1 00 3 3 , 000 124 2 38 , 600 80 
Sharp-tai l ed grouse 7 , 400 108 2 38 , 600 60 
Hungarian partridge 100 100 1 3 2  300 100 
Ring-necked pheasant 500 5 100 30 183 100 100 
Mourn i ng dove 2 0  100 165 100 2 , 300 130 12 , 700 100 
Gambe l ' s  qua i l  < 10 100 
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TABLE 8 - 2 c  Southwes t  and South Central S tates 

Ari zona New Mexico 
Harve st Users Harvest Users � 

U1 Species 1975 1985 ( \ )  1 9 7 5  \ Public 1975 1985 ( \ )  1 9 7 5  \ Publ i c  IV 

Antelope 690 1 08 1 , 278 90 1 , 6 10 1 2 5  2 , 697 50 
Elk 1 , 480 100 8 , 189 100 1 , 8 10 100 7 , 146 80 
Jave l ina 4 , 5 2 0  1 3 3  2 2 , 2 7 3  90 40 2 00 186 80 
Mountain l ion 2 3 0  100 5 , 1 2 9  9 0  4 0  2 0 0  1 2 0  90 
Wild turkey 7 3 0  205 1 2 , 285 100 2 , 6 3 0  1 2 0  2 2 , 38 1  90 
Mule deer 1 0 , 840 150 67 , 750 90 
Whi te-ta i l ed deer 2 , 660 170 15 , 250 90 
Bighorn sheep 4 0  6 0  < 10 200 16 100 
Black bear 2 2 0  100 7 , 087 90 3 7 0  1 1 , 2 2 6  70 
Barbary sheep 50 400 155 70 
Li ttle brown crane 1 ,  7 7 0  9 7  1 , 092 50 
Ring-necked pheasant 7 , 3 4 0  8 5  7 , 2 1 6  2 0  
Whi te-winged dove 4 7 5 , 100 100 59 , 4 2 5  3 0  
Band-ta i l ed pigeon 3 , 4 7 0  144 860 100 1 , 4 3 0  1 2 0  8 2 4  8 0  
Blue grouse 360 1 3 9  386 100 2 , 5 3 0  l O S  1 , 488 90 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


Oklahoma Texas 
Harvest Users Harvest Users 

S�cies 1975 1985 ( \ )  1975 \ Publ ic 1975 1 98 5 ( \ )  1 9 7 5  \ Publ ic 

Antelope 580 
Elk 10 
Javel ina 
Mountain l ion 
Wild turkey 4 , 72 5 , 100 1 3 6  1 5 , 8 7 0  1 2 5 , 684 
Mule deer 1 1 , 07 0  
Whi te-ta i l ed deer 1 7 3  348 , 950 
Bighorn sheep 
Black bear 60 
Barbary sheep 100 
Little brown crane 6 , 100 
Ring- necked pheasant 1 , 76 1 , 700 596 , 984 2 0 , 000 
White-winged dove 1 2 0 , 000 
Band-ta i l ed pigeon ..... 
Blue grouse U1 

w 
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TABLE 8 - 2 d  Gre at Plains S tates 
.... 
1.11 
.co. 

Kansas Nebraska 
Harves t  Users Harve st Users 

Species 1975 1985 ( \ )  1975 \ Publ ic 1975 1985 ( \ )  1975 \ Publ ic 

Antelope 8 0  2 7 6  8 0  1 , 4 70 100 1 , 94 5  2 0  
Wild turkey 1 3 0  162 367 2 0  1 , 700 150 4 , 34 5  30 
Mule deer 1 , 100 1 2 2  3 , 2 2 1  0 8 , 07 0  100 1 7 , 656 1 0  
'\'lhite-ta i l ed deer 4 , 3 90 1 2 2  1 2 , 886 0 9 , 560 100 1 9 , 1 2 3  1 0  
Bighorn sheep 
Common snipe 2 , 000 100 
Ring-necked pheasant 596 , 000 66 14 1 , 100 5 7 6 , 960 105 1 1 7 , 500 
Bobwhite qua i l  2 , 15 2 , 2 5 0  88 148 , 200 3 5 1 , 690 100 58 , 1 3 0  
Sharp-tai led qua i l  3 7 , 650 100 1 1 , 3 7 3  4 C  
Prairie chicken 16 , 000 87 17 , 100 8 , 260 100 2 , 4 96 
Mourning dove 1 , 448 , 000 1 2 7  86 , 000 840 , 000 5 0 , 000 10 
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North Dakota 
Harvest Users 

Species 1975  1 985  ( % )  1 9 7 5  \ Publ ic 

Antelope 1 , 550 100 2 , 000 40 
Wild turkey 1 5 0  4 3 3  3 0 0  30 
Mule deer 3 , 500 1 1 0  6 , 300 50 
White-ta i l ed deer 26 , 000 1 2 5  3 6 , 600 10 
Bighorn sheep 1 0  250 1 2  60 
Common snipe 
Ring-necked pheasant 7 5 , 000 105 3 1 , 000 30 
Bobwhite qua i l  
Sharp-ta i l ed qua i l  1 5 1 , 000 8 5  4 1 , 000 3 0  
Prairie chicken 
Mourning dove 

SOURCE : Data gathered to prepare Schweitzer et al . 1 98 0 .  

South Dakota 
Harve st Users 
1975 1985 ( \ )  1975 % Publ ic 

6 , 2 00 1 5 0  1 , 94 5  2 0  
1 , 8 1 0  2 5 9  5 , 44 9  100 

1 2 , 470 100 2 2 , 886 5 0  
2 2 , 1 7 0  1 0 0  4 0 , 687 50 

5 
2 , 010 552 

1 ,  1 1 3 , 000 3 1  1 4 7 , 754 1 0  
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The sheer numbe r of spec ies that make up the fauna of  
a ny part icular ecolog ical subd iv i s ion prec ludes any 
d i scuss ion of them here on a spec ies-by-spec ies basis . 
I n  the B lue Mountains of Oregon and washing ton alone , for 
example , there are 3 7 8  spec ies of vertebrates (Thomas et 
a l .  1979a) . 

D i fferences in  the ve rtebrate fauna among plant 
communities can be quite pronounced . I n  the Blue 
Mountains , for i nstance , 129 spec ies reproduce and 148 
spec ies feed in the con ifer commun i t ies , compared to 6 9  
a nd 9 3 , respect ively , in  lodgepole p ine areas . However ,  
many of these are the same spec ies . When the fauna of , 
say ,  the g rass-forb and mature mixed-con i fer success ional 
stages are compared ,  substant ial d i f ferences are found--32 
r eproduc ing and 9 9  feed ing in  the g rass-forb stage versus 
115 and 136 , respective ly , in the mature forest stage . 
Moreover , there is  little spec ies overlap between these 
success ional stages (Thomas et al . 19 79b) . 

Mineral Resources on Range lands 

The rangelands are a source of mineral wealth even now 
not totally char ted . About 40 percent of the coal that 
may be needed in the next two or three centur ies in the 
United States is found in the wes t ,  and the o i l  shale 
reserves there are potentially g reater than the oi l 
r e serves of the ent i r e  Arabian peni nsula ( Box 197 7 ) . The 
western rangelands and forests also are ecosystems that 
r ece ive very large amounts of solar energy . Thus they 
produce substant ial vegetat ion , without wh ich lumbe r i ng , 
g razing ,  and rec reat ion economies could not prosper . 

Cond it ion of Western Range lands 

The present cond it ion of the western rangelands for 
graz ing herbivores is generally conceded to be dec idely 
i nfer ior to what it  was when domest ic livestock were 
f i rst introduced (Wag ne r 197 6 , Box et al . 1977 , Box 
1978 ) . The Homestead Acts of 1862 , 1909 , 1912 , and 19 16 
provided for the settlement of western lands , but it was 
not unt i l  the Taylor Gra z i ng Act of 1934 that reg ulat ions 
to control graz ing on public lands were inst ituted . By 
that t ime , most of the degradat ion and deter iorat ion in 
productiv ity had occur red . I t  was est imated that about 
85 percent of the r angelands had been severely depleted 
by 1935  (U . S .  Senate 19 3 6 ) . I n  a careful examination of 
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the uses of publ ic lands for g r a z i ng ,  Box ( 19 7 8 )  deve lope d 
a method for c lass ify ing the cond it ion of these lands •. 

These data suggest that improvements occurred between 
1936  and 196 6 ,  but that most of the improvement was in  
land s class if ied as • fa i r •  or  • poor or  bad . • 

1 9 3 6  
1 9 6 6  

Percent in  Range Cond it ion C lass 

Good or Excellent 

16 
18 

26 
49 

Poor or Bad 

5 8  
3 3  

Although these data deal with public lands i n  the 
weste rn s tates , a s imi lar trend has appeared on pr ivate 
lands . There are , of course , many areas that are 
except ions to general cond i t ions on both publ ic and 
pr ivate lands , but i t  seems safe to say that manageme n t  
of g r az ing lands i n  the West lags far behi nd the 
biolog ical and technolog ica l pract ices used on othe r 
k i nds of agr icultural lands . I n  many cases , advanced 
pr ac t ices have been developed but have not yet bee n 
adopted by producers because of economic constra ints or 
the inf luence of trad i t ion . Federal subs id ies for range 
improvement prac t ices , such as vegetat ion management 
(brush control and reseed ing )  and water development and 
conse rvat ion ( pond construct ion and control of woody 
plant s that transpire water ) have not stopped rang e 
deter iorat ion . Rangelands have been overgrazed by several 
k i nd s  of domestic livestock and game , invaded by nox iou s 
spec ies of plants that compete with more des irable forms 
for space and water , depleted of wildlife with cultur a l  
o r  c ommerc ial value , and eroded because o f  denudat ion of 
the vegetat ive cover . All of these factor s have consp ire d 
t o  r educe r ange land produc t iv ity . 

Brush spec ies have replaced many of the grass and 
o th e r  desirable forage spec ies on 81 mi l l ion ha ( 2 0 0  
mi l l ion ac res)  o f  rangeland in  the southwester n a r e a  o f  
t h e  U n i ted S tates alone ( Nat ional Assoc iat ion of 
Con s ervation D istr icts 19 79 ) , and ove r 77 percent of al l 
nonfederal r ange lands need some k ind of conservat ion 
trea tment . 

Rangelands as Wildlife Habitat 

The value ass ig ned to range lands normally refers to the i r 
value for domestic l ivestock and may not reflect the ir 
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value as wildlife habi tat . W i ldlife  managers have no t 
d eveloped systems for r at ing wild l i fe habi tats in  
rangelands , but this i s  essent ial where mult iple uses o f  
l ands are t o  b e  pract iced . Some spec ies of wild l i fe are 
benef ited by ranges j udged to be i n  less des irable 
c ond i t ion because these spec ies u t i l i ze plants in lower 
success ional or seral stages . Othe r spec ies of wild l i fe 
may requ i re plant communities that have achieved the ir  
ecolog ical c l imax , and thus range s  degraded for livestoc k 
a re also deg r aded for these spec ies of wildl ife . Never
theless , r angeland classif icat ions are general i t ies that 
r equ ire fur ther e laborat ion for each spec ies of herbivore . 

Wh ite-tai led deer , for example , an extremely abundant 
a nd commerc ially impor tant spec ies in  the Edwards P lateau 
and Rio Gr ande Plains of Texas , are far more numerous 
today than when l ivestock f ir s t  g razed in  those areas . 
S i nce dee r seek hab i tats with woody cover , and s i nce 
brush has invaded the g rasslands and savannas of cent r al 
and west central Texas , the habitat has been deg r aded for 
c attle but improved for deer . 

I n  general , however ,  i t  can be said that ranges tha t 
h ave been maltreated for decades are deg raded of almost 
any value . Losse s of the bas ic resources of so i l ,  water , 
a nd desirable vege'tat ion are the causes of th i s  ultimate 
effec t .  

The r epor t o f  a committee o n  setting pr ior i t ies for 
research in rangelands ( So i l  Sc ience Soc iety of Amer ica 
1 9 8 1 )  ident if ied some of the unique problems of rangeland 
management : 

1 .  Range management dec is ions are d i f f icult because 
of lac k  of knowledg e of the interdependence among the 
mult iple uses of the r ange ecosystem , and lack of 
c l imat ic and economic data and analys is . 

2 .  Compet i ng biolog ic components reduce productivity .  
3 .  Wate r shortage l imits produc t iv i ty .  
4 . Our knowledge of nutr ient cycling in relat ion to 

soi l-plant inter act ions , soi l  fe r t i l i ty ,  water supply , 
a nd animal per formance and product ion i s  inadequate . 

5 .  Our knowledg e  of opt imum l ivestoc k br eeds and 
c rosses and wildlife spec ies for var ious ecosystems and 
management systems i s  lack ing .  

Th is lack of informat ion i s  the chief constra int in 
max imi z i ng the productivity of rangelands for l ivestock , 
but the absence of informat ion on developing strateg ies 
for manag ing wi ld l ife and l ivestoc k on. the same lands i s  
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far greate r . Funds for wildlife research and managemen t 
have always received the lowest pr ior ity in  governmental 
organi zat ions , and the pr ivate sector is seldom will ing 
to put resources into r esearch that has l i ttle market 
value . As Evans ( 19 8 1 )  states i n  his inc i s ive review o f  
the problem : 

• • • there are approx imately 2 , 100  ver tebrate 
spec ies occu r r ing in  Nor th Amer ica . Ornitholog ist s 
a re i n  reasonable ag reement that 650 spec ies of 
birds are known to breed in Nor th Amer ica . The 
numbers of subspec ies and ecotypes [ s ic ]  of w i ldlife 
are eve n g reater . I n  contrast , there are only 
three c lasses of domest ic l ivestock : beef catt le , 
sheep and goats . Even i f  monies for research had 
been propor t ionately d istr ibuted between l ivestock 
and the i r  wi ld coinhabitants , the wildlife manager ' s  
j ob would be more complex , but in fact a g reatly 
d i spropor t ionate sum has been directed toward 
l ivestock . 

AGRICULTURAL TRENDS 

Human Populat ions in the West 

The h uman populat ions of the western states have shown a 
mar ked inc rease s i nce 1970 ( see Chapter 3 ) . The numbe r 
of people in  the southwestern s tates of Ar i zona and New 
Mex ico , for example , increased approx imately 44 pe rcent 
f rom 1970 to 1980 (U . S .  Depar tment of Commerce , Bureau of 
the Census 19 8 la , b) . The states of Colorado , Kansas , 
Montana , Nebraska , Nor th Dakota,  Oklahoma , South Dakot a ,  
and Texas had a comb ined average populat ion increase o f  
approx imately 2 1  percent for the same per iod , wh i le even 
mo r e  notable increases occurred in Nevada ( 6 3 . 5  percent) , 
Ar i zo na ( 53 . 0  percent) , and Wyoming ( 4 1 . 5  percent ) . 
Col lec t ively , the Great P la ins , Southwest , and Pac i f i c  
Coast  states showed a g a i n  of approx imately 2 2 . 4  percent , 
or 1 1 , 7 87 , 13 6  people , f rom 197 0 to 1980 . I n  compa r i son , 
t he total u.s. populat ion i nc reased by only 11 percent 
(U . S .  Depar tment of Commerce , Bureau of the Census 19 8la) . 

The west i s  also exper ienc ing a " back-to- the-country• 
movement . Rural homes at dens i t ies much h igher than those 
found ear l ier are spr i ng i ng up ac ross the West , espec ially 
i n  valleys . H igh land pr ices are causing �any rancher s 
to s u bd iv ide and sell the i r  lands . 
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Cur rent proj ections for the year 2000 show th e 
populat ions of Ar i zona and New Mex ico increas i ng another 
24 percent and the Great Plains states another 25 percent . 
The combined average increase pred icted for all the 
western states , includ i ng Califor n i a ,  Idaho , Nevada , 
Oregon , Utah , and Washington , i s  approx imately 2 4  percent 
(U . S .  Wate r Resources Counc i l  1981) , or near ly 15 . 5  
m i l l ion res ident s .  

I n  add it ion t o  cont inu i ng increases i n  the populat ion 
of the West , wildlife hab itats in the rangelands w i l l  be 
affected by i ncreases in the cost of energy , cont inu ing 
efforts to safeguard the envi ronment from deg r adat ion and 
exploitat ion ,  and the need to produce food and f iber for 
a larger populat ion . These factor s will  affec t  land use 
patter ns , agr icultural practices , and the pace of 
technolog ical change . 

The pr imary result of these changes will be an 
intens if icat ion of the uses of both publ ic and pr ivat e 
r ang e lands . More i ntens ive use of rangelands , however ,  
may result in reduct ions in f lora and faunal diver sity . 
Spec ies d iver s i ty among var ious g roups of ver tebrates , 
inc l ud ing l i zards (P ianka 19 6 7 )  and rodents ( Rosenzweig 
and W i nakur 1969 ) , has  been assoc iated with habitat 
heterogeneity .  Var ious stud ies have shown bird var iety 
to be assoc iated with d ifferences in foliage he ight and 
volume , percentage of cover , and diversity of plant 
spec ies ( Balda 197 5 ) . Among rangeland game birds , 
sharp-tai led g rouse requ i r e  a d iver se habitat ( S isson 
1 9 76 ) . A habitat that prov ides thermal and escape cove r  
i s  impor tant t o  mule dee r (Leckenby e t  al . 198 1 ) , 
p ronghor n antelope ( K indschy e t al . 198 2 ) , and elk 
(Thomas and Towe i l l  1982 ) • 

The proj ected increases in  human populat ions in  the 
United States and the wor ld mean that the need for more 
food and f iber for domes t ic uses and for expor t will 
incr ease . Ag r icultur al  expor t commod it ies , inc lud ing 
beef and dairy products , are also becoming more impor tant 
in wor ld pol i t ics as a way of inf luenc ing fore ig n  pol ic y  
d ec i s ions . I t  i s  a foregone conclus ion that u.s. expor ts 
of cereal g rains , beef , mutton , cotton , wool , and mohai r 
w il l  increase . Conf l icts over whether to use rangeland 
for food and f ibe r production or for human sett lement s 
are bound to i nc rease . 

I n  add i t ion , c i t i zens are using public lands for more 
purposes and i n  g reater number s than ever before , and 
t h i s  trend is likely to cont inue . The publ ic lands , 
wh ich were the domai n  of the t imbe r man , the rancher , a n d  
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the mine r  dur ing the country ' s  f i rst  150 year s ,  a r e  be ing 
c laimed by other segments of soc iety for parks , 
wi lderness areas , campsites and trails , and othe r k i nd s  
of recreat ional use . Th is i s  zoning for h ighest use , or 
for mu lt iple use . The Federal Land Pol icy and Management 
Act of 1976 ident if ied wild l i fe as one of the maj or uses 
of BLM lands . As a resul t ,  wildl ife and its habitats 
will now have to rece ive attent ion in federal land 
management plans . D iffer ing from past prac t ice , th e 
present or ientat ion of BLM and the Forest Service is  to 
g ive cons iderat ion to all spec ies of ver tebrates , not 
j us t  g ame spec ies . 

The uses of cereal gra ins for feed ing cattle and other 
dome s t ic l ivestock , espec ially in  feedlot operat ions , 
w i l l  decrease . More cereal g rains will  be used d i rectly 
as food i n  Nor th Amer ica pe r capita than eve r before ,  and 
less w i l l  be used for animal produc t ion . Thus more 
catt le will be stocked and fed on rangelands . Grade s o f  
meat , espec ially beef , will have to be revi sed t o  ref lect 
the fac t  that the meat come s from range-produced and 
g ra s s- f i nished carcasse s .  Red meat will thus be leaner , 
and carcasses will be l ighter . Energy-eff ic ient systems 
of produc ing l ivestock products will have to be found i f  
these products a r e  t o  compete in the mar ketplace with 
o ther forms of prote i n ,  i nc lud ing those f rom p lants , 
pou ltry , and f i sh .  Economic s will be the dr iving forc e 
i n  c hang ing meat product ion prac t ices , and h igher energy 
cos t s  wi!l be the largest cons iderat ion i n  dec is ions on 
these changes . 

I ntensif ied management of r ang elands will  take several 
forms . One will be an increase i n  the r ates at wh ich al l 
k inds of domes t ic l ivestock are stocked . Proj ec t ions of 
the demand for graz ing land by the year 2 0 3 0  show tha t 
i nc reases of 3 6  percent will occur in  the Rocky Mountains , 
6 1  pe rcent i n  the Great Plains , and 3 8  percent in  the 
P ac i f ic Coast ( USDA ,  Forest Serv ice 1980 , data adapted 
f r om Table 5 . 13 ) . These proj ect ions inc lude forests and 
r ange lands in both publ ic and pr ivate lands . 

F u r the r range improvement prac t ices and graz ing system s 
w i l l  favor domest ic l ivestoc k .  Th is  i s  not a new trend ;  
r a th e r , i t  has been the standard prac t ice throughout 
h i s tory i n  prac t ically all u . s .  g raz ing areas . I n  some 
areas of the West , however ,  such as Texas , where 
c omme rc i al systems of produc ing and marketing wh i te-tai led 
dee r and other game spec ies have been h ighly developed ,  
mor e attent ion will  be g iven to wildlife i n  management 
plans .  
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A sh ift in  the k i nds of l ivestoc k be ing raised also 
w i ll  occur , par t icular ly in  ar id areas and on rangeland s  
with a var iety o f  her baceou s and woody plant mater ials . 
S heep and goats will replace cattle in  some overused a nd 
low-produc t ive ranges , and they will  be stocked along 
w ith c attle in other areas so as to make f uller use of 
the var ious k inds of for age . 

I ncreased cons iderat ion w i l l  have to be g iven to 
rec reat ional activities (camping ,  h i k ing ,  snowmobil ing , 
s k i ing , f ish ing ,  hunt ing , nature study , etc . ) .  A tota l  
o f  566 , 3 99 , 00 0  recreat ion v i s i tor days was recorded a t  
f ederal recreat ion areas in  1 9 7 7  ( USDA , Forest Service 
19 80 , data from Table 3 . 5 ) . Some w!dely d i spersed 
r ecreat ional act ivit ies are proj ected to i ncrease as much 
as 140 percent ( snow and ice act ivit ies ) and 106 percen t 
( water-based ac tivities)  by the year 20 30 . A g reat pa r t  

o f  t h i s  increase will  take place in  the western states . 
Wherever poss ible , extens ive ly manag ed lands--both 

range lands and forests--that are convertible to cropland s 
w i ll be conver ted . The amount of land involved will  
probably not be  large-- 5 percent i n  the case of  forests- 
but this  convers ion to c roplands and losses through 
urbani zat ion wi l l  take a s ignif icant bite out of 
r angelands . Water , a c r i t ical i tem in the western 
states , will be a cause of increas ing conf l ic t  as huma n 
populat ions , mining for coal and other hydrocarbons , and 
water-dependent industr ies all inc rease ( see Chapter 4 ) . 

The d ividing up of valleys into small hold ing s ,  many 
of wh ich are fenced , i s  remov ing valuable winte r rang e  
f or b ig g ame a s  we ll a s  product ive for age-produc ing land 
used by l ivestoc k . The rema ining rangelands will  thus 
r ece ive more intens ive use by al l  c lasses of herbivores , 
both wild and domest ic , and the impacts will  be g reate r 
t han the actual loss i n  acreage might suggest . Lands i n  
valleys are among the most product ive range s ites , and 
t he loss of these lands represents a loss to productiv i ty 
that will  g reatly exceed the propor t ionate loss of 
ac reag e .  

T here has been a proliferat ion o f  laws , and regulat ions 
i s sued pur suant to those laws , governing the management 
of public and , to a lesser extent , private rangelands . 
These laws were promulg ated to cor rect perce ived 
detr imental aspects of land management or to set pol icy 
for the management of land , part icular ly that owned or 
managed by the federal government (Thomas 1979 a , b) . 

The appl icat ion of some of these laws and regulation s 
h a s  resulted in a tang le of b iopol i t ical problems and 
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exercises i n  analyt ical over k i l l  that i s  detr imental to 
land management .  Overspec if icat ion of practices and 
leg a l  constra ints can lead to unj ustif ied alterat ions i n  
land management prac t ices or the development of analyt ical 
processes and procedures that are far too complex and 
expe n s ive for gener ali zed use . Two examp les follow .  

Several  land u s e  p lans and env i ronmental impac t 
s tatements of the Bureau of Land Management have been 
successfully challenged in  cour t on the bas i s  of 
i nadequate i nventory data . As a result of these 
cha l le nges , BLM has deve loped a h ighly detai led , mu lt i
resource inventory procedure refer red to as SVIM 
(Soi l-Vegetat ive I nventory Method ) (USDI , Bureau of Land 
Management 197 5 ) . The amount of money and effort 
requ i r ed to carry out such procedures , and the hug e  
amounts of data gene rated , may sat isfy the requirements 
of the law as interpreted by the cour ts , but they exceed 
common-sense requ i rements (Pearson and Thomas 1980 ) . 

The u.s. Forest Service i s  requi red by the Nat iona l 
Fore s t  Management Act and pursuant reg ulat ions to 
reg e ner ate a forest stand on federal land within 5 year s 
of harvest . Th is  constraint has c reated pressure to 
restr ic t  common management pract ices , such as seed i ng 
r eg enerat ion areas . These act ions , s i ng ly or in combina
t ion , may be economically or ecolog ically i r rat ional , bu t 
t hey are carr ied out to comply with the law .  

A thorough rev iew o f  the laws and reg ulat ions governing 
l and management is needed to ensure that the laws are not 
cau s i ng more problems and costs than the problems they 
wer e  c reated to correc t . 

The Net Resul t  

The n e t  ef fec t o f  a n  intens i f icat ion of the use of 
rang e land s will  be a loss in acreage and in the qua l i t y  
of w i ldl ife habitats for prac t ically all spec ies . Wh i le 
i t  i s  pe rhaps imprope r to generalize about tota l effec t s  
on w i ldlife , the lessons lear ned from losses of habitat 
on more intens ively managed lands lead to the general
i za t i on .  Pr ime ag r icultural lands in  the Midwest , for 
ex amp le ,  have los t most of the i r  productivity for 
w i l d l ife because they have been intens ive ly used to g row 
ag r ic ultural products . On the othe r hand , one can be 
more opt imist ic when obse rving areas where w i ld l i fe 
prod uc t ion i s  intens ive ly managed . On the whole ,  
however , intens ive use and h igh human populat ion dens i ty 
mea n  e l iminat ion of habitats for many k ind s of wildlife . 
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To ma inta i n  wi ld l ife hab itats in  rangelands , multiple 
u se has been a commonly accepted pol icy in  the publ ic 
doma in and is becoming increas ing ly so through economic 
and social values be ing expressed by soc iety . Th is 
approach was aptly expressed in the preface to Chapter 4 ,  
• I nf luence of Land Management on W ildlife , •  in the NRC 
study Land Use and W i ldl ife Resources (Nat ional Researc h 
Counc il  197 0 ) : 

• • • Over the past century , the e laborat ion of 
land-use concepts and the deve lopment of pol icy 
g u ide l i nes  have accompanied the intens i f icat ion of 
management . The growing expectat ion that every 
a r ea can y ie ld more produc t s  and services through 
appl ied technology than throug h  sing le-purpose 
e xploi tat ion has r a i sed i ssues w i th which land 
manager s were not ear lier  concer ned . I t  became 
e v ident that benef its of several k inds might be 
obta ined through a recognition of the d iverse 
values that any par t icular land type might provide 
for var ious segme nts of the popu lat ion . That the 
g eneral publ ic has an interest and a respons ibi l i ty 
i n  effec t ing and perpetuating sound management 
polic ies for all natural resources has been inherent 
in  the conservat ion idea from its beg inning . 

REGIONAL TRENDS AND IMPACTS 

The Great P lains and Southwest Reg ions 

L and forms , c l imate , water resources ,  soi ls ,  and 
vegetat ion (plant communities)  in  the Great Plains and 
Southwest r eg ions make them somewhat s imi lar ecolog ical ly 
and thus in the i r  ag r icultur a l  product ion systems . For 
t he most par t the ecosystems cons ist of ar id and semiarid 
lands with h igh evaporat ion-prec ip itat ion rat ios . They 
offer complex and often frag i le habitats of g r asslands , 
deserts , and shrub lands inhabi ted by diver se avian and 
mammal ian faunas , some of wh ich are extremely impor tant 
in spor t hunt ing . Cattle , sheep , and goats are used i n  
c ombinat ion g raz ing systems o r  s tocked alone . B ig game 
i s  often abundant on r angelands in the se reg ions , and a 
wealth of nongame spec ies also l ive there . Most of the 
h ighly product ive arable land has been conver ted to row 
c rop farming , and the g r a ins and forages produced are 
used as feed supplements for l ivestock . Drought i s  one 
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of  the c l imatic extremes i n  these areas and can be 
expected once every 7 year s .  

Depletion o f  g round wate r i n  the Ogallala Aqu ifer , 
r i s i ng energy costs , and compet i t ion for g ra i n  for 
expo r t s , for more use in human foods , and perhaps for the 
produc t ion of e thanol will  d ictate g reater reliance by 
livestoc k  on rangeland forage . These trends d ictate mor e 
eff ic ient u t i l i zat ion of all forms of veg etat ion involved 
in p r imary produc t ion on rangeland s . 

H igher produc t ion of l ivestock per unit of area may in  
par t  be  accomplished by using mixed stock , name ly cattle 
and sheep , and by convert ing rangeland vegetat ion to a 
form , probably g rasses , that can be used by a s i ngle type 
of l ivestock . Th i s  implies improved grazing systems , 
inc reased control of nox ious range plants , i ncrease d  
deve lopment o f  tame pastures ,  and development o f  more 
combi nat ion farming-r anching operat ions . 

Brush Management 

Management of ranges i nvaded by brush is the pr imary 
problem in l ivestoc k product ion over much of the 
southwestern deser ts , savanna systems , and southern 
por t ions of the Great Plains . At the same t ime , the s e  
woody spec ies provide the k i nds of habi tats requ i red by 
cer t a i n  brows ing spec ies but have e l imi nated other forms 
of w i ldlife . The net effec t of invas ion by brush in such 
are a s  as the Edwards P lateau , the Rio Grande P lains , and 
the h igh and rol l i ng pla ins of Texas , has been pos i t ive . 
Deer and tur key populat ions have increased dramat ically 
over those i n  more pr i s t i ne t imes , and some spec ies of 
wild l ife have become impor tant in f i nancial terms to bot h 
i nd iv idual r anche r s  and reg ional economies . 

Management of brush for the most des i r ed spec ies o f  
l ivestoc k  and wildlife i s  a wor thy goal , and removal of 
much of the brush would ass i s t  in achieving that goal . 
I n  1 9 6 3 , when the last survey was made , over 8 2  percent 
of the 107 , 9 0 0  acres of grasslands and noncommerc ial 
for e sts i n  Texas had been i nvaded to varying deg rees by 
br u s h  ( Smith and Rechenth in 196 4 ) . The pr imary invad ing 
spec ies are mesqu i te ,  var ious spec ies of j uniper , several 
k i nd s  of cacti , several k i nds  of acac i a ,  sand sagebrush , 
c reosote bush , tarbush , wh i tebr ush , yucca , and many 
othe r s .  

Control o f  woody spec ies by mechanical methods , such 
as cabling , chaining , root plowing , roller chopping , 
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d i sc ing ,  and grubbing , has been widely practiced in  plant 
communities i n  the Southwest and e lsewhere for many 
year s .  Mechanical prac t ice s are energy-expensive , 
however , and cur rent trends i n  energy costs suggest that 
they will be used less in  future year s .  Nonetheless ,  
mechanical techniques c an be used more selec t ively than 
chemicals in patterning clear ing s  and brush to form a 
mosaic that benef its both l ivestoc k  and wild l i fe .  
Str ips , blocks , and contour c lear ings are geometr i c  
patterns often used . Spec ial attent ion t o  habitats on 
r idge s ,  in bottomlands , along str i ngers and creeks , i n  
headers o f  canyons and draws , and to spec i f ic plants can 
compensate for losse s in  the total amount of brush . But 
there are no univer sal presc r ipt ions for brush management . 
Management must be s ite-spec if ic ,  and trained resou rce 
spec ialists are needed to make r ecommendations on the 
best approaches . 

The total acreage cur rently under chemical treatment 
may not increase dramatically ,  but the improved 
effect iveness of herbic ides and the i nteg r at ion of 
herbic ides and mechanical methods with f i r e  ( Sc i f r e s  
1 9 7 9 ) should r esult in more cost-effect ive control with 
s ignif icantly less regrowth . Several products on the 
mar ket are very effective ag ainst many spec ies of broad
leaved plants . Thi s  makes them undesirable agents , since 
they destroy nox ious plants as wel l  as many plants that 
benef i t  both livestoc k  and wildl ife . Land c lear ing can 
be par t icular ly detr imental to many w i ld l ife spec ies when 
accompanied by the establishment of introduced g r asses 
( K iel 197 6 ) . 

C hemical control of brush in  mixed brush communit ies 
usually results in  an i nc rease in  l ivestock for age . 
Three years after P rosopi s-Acac ia r angeland in southeast 
Texas was sprayed with a mixture of 2 , 4 , 5-T and P ic lor am ,  
f or example , forage g rowth increased twofold per i nch of 
r a i nfall ( Sc ifres et al . 1977 ) . G iven th i s  k i nd of 
r etur n ,  harm to wild l i fe habitats is often ignored by 
ranchers . 

Some examples of target spec ies and treatments now 
unde r way serve to make  the point . About 20 , 0 0 0  ha of 
H arvard oak , a woody spec ies attr act ive to lesser pr a i r ie 
ch ickens (Taylor and Guthery 1980 ) , qua i l  (Jac k son 19 6 9 ) , 
a nd mule deer was be ing treated i n  the H igh Plains of 
Texas in  1 9 8 1  with Tebuth iuron (Russell Pett itt , Texas 
Tech Unive r s i ty ,  per sonal communicat ion , 1981) . Mesquite , 
labe led the most nox ious plant of all woody spec ies i n  
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the Southwest because of its v igorous competition for 
space and water , cove r s  about 23 million ha in Texa s 
a lone ( Smith and Rechenth in 1964 ) . The seeds of this 
spec ies are extreme ly important food for deer , furbearer s ,  
tur keys , and qua i l ,  however , and the removal of mesqu ite 
from 9 0  percent of a pasture in  west Texas neg at ively 
a f f ec ted late winter qua i l  populat ions (Davis 1979 ) . 
Brush prov ides bobwh ite qua i l  with a secure area for 
d ayt ime resting (Guthery 1980 ) 7 herbaceous cover alone , 
no matte r how tall ,  cannot compensate for a lac k of 
h igh-gr ade woody cover (Jackson 1969 ) . 

S agebrush i n  the Nor thern Plains , sandsage , yucca ,  and 
t r ee c holla i n  parts of Texas , New Mex ico , Colorado , 
Kansas , and Oklahoma , and easte r n  red cedar i n  the 
t al lg r ass areas of Kansas are examples of brush targets 
on l ivestoc k  ranges in  the Great P lains . Sage g rouse , 
h oweve r , are dependent on a sagebrush-dominated env iron
men t  ( Braun et al . 197 7 ) , wh i le sandsage grasslands 
p rov ide habitats for bobwh ites ( Snyder 197 8 ) , scaled 
qua i l  (Hof fman 1965 ) , and lesser  pr air ie ch ic kens (Taylo r 
a nd Guthery 1980 ) . Yucca and tree cholla are also 
impo r tant components of scaled qua i l  habitats ( Schemnit z 
1 96 1 ,  Hoffman 196 5 , Stormer 1981) . 

Brush control that reduces vegetative d ive r s i ty and 
e l i m i nates browse on large areas neg at ively affects 
prong hor n ante lope . The ensu ing g r assland i s  of l imite d  
value t o  pronghor n antelope ( Reeker 1969 ) , espec ially 
when i t  cove r s  large ac reag e s  (Yoakum 1980 ) . For 
prong horn antelope , three cons iderat ions must be taken 
into account : ( 1 )  the s i te of the brush control proj ec t 
s ho u ld be l imited to less than 4 0 0  ha J ( 2 )  5 to 2 0 
percent of the browse canopy should be retained ' and ( 3 ) 
w i nt e r  r anges and spr ing fawning areas should not be 
inc luded (Autenr i eth 19 78 ) . 

Control of pinyon- j uniper by mechanical methods has 
been widespread in Ar i zona , New Mex ico , Utah , and othe r 
weste r n  state s .  When c lear ing s  are large ( i . e . , of s i zes 
appr oach ing c learc utt ing of very larg e t imbe r tracts i n  
t he mounta ins ) , wild l i fe habi tat is destroyed tempor ar i ly ,  
i f  not permanently . Stud ies a t  Ft . Bayard , New Mex ico 
( Shor t et a l .  197 7 )  showed that c lear ings of large areas 

of p i nyon- j uniper woodland r esulted in  dec reased use by 
deer and elk . Convers ion of chaparral to g rass has been 
widespread i n  the shrub lands of Ar i zona , Cal ifornia , and 
e lsewhere i n  the west . Such conver s ions also deplete 
shr ubs on wh ich dee r feed (McCulloch 197 2 ) . 
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Conver s ion to Cropland 

I n  Kansas , center-pivot spr inkle r  systems permit the 
i r r igat ion of lands forme r ly uneconomical or technically 
imposs ible to f arm (Waddell 1977 ) . Sand prair ies south 
of the Ar kansas Rive r are d isappear ing at an aver age rate 
of 5 percent per year (Waddell and Hanzl ick 1978 ) . 

Conver s ion of sandy range land to farmland is also 
occur r i ng in Texas , Colorado , New Mex ico , and Nebraska 
(Taylor and Guthery 1980 , Russe l l  Pett itt , Texas Tec h 
Unive r s i ty ,  per sonal commun icat ion , 1981) . The amount 
conver ted in Texas may increase because the water table 
i s  r e lat ive ly h igh (Taylor and Guthery 1980 ) . 

I n  the r eg ion above the Ogallala Aqu ifer south o f  
South Dakota , the amount o f  land under cult ivat ion is 
expected to increase by 2 0 2 0 . Most of th i s  inc rease wi l l  
r esult f rom the conve r s ion o f  r angeland t o  cropland in 
weste r n  Nebraska because of the ava ilab i l ity of i r r ig atio n 
wate r . I t  i s  proj ected that the 7 . 8  mill ion ac re- ft 
i r r igated in  1977 i n  Nebraska will increase to about 13 . 2  
m ill ion acre-ft in 2 0 2 0  (Gr ubb and H igg ins 1 9 8 1 ) . Ground 
water offe r s  g r eat potent ial for ag r icultural developmen t  
i n  the Sand H ills o f  Nebraska ( Keech and Bentall 1971) , 
and conver s ion of rang e to row and hay crops throug h the 
u se of center-pivot spr inkler i r r igat ion i s  now in 
progress i n  the Sand H i lls . Th i s  will affec t sharp-tailed 
g rouse and g reater pra i r ie ch ickens ( S isson 1976 ) . 
Habitat loss through conve r s ion of rangeland to cropland 
i s  expected to r educe the Kansas populat ion of chic kens 
to 9 5 0 0  bi rds (a loss of 7 5 0 0 ) by 1983 (Waddel l  197 7 )  • 

I n  Colorado , center-pivot i r r igat ion may soon el iminate 
the r emnant populat ions of lesser chickens near Holly 
( Taylor and Guthery 1980 ) . However ,  enough habitat 
r ema ins in public owne r s h ip with i n  the lesser pr air i e  
c h icken ' s  r ange t o  mainta in the spec ies (Taylor and 
Guthery 19 80 ) . 

The impact of the conver s ion of sandy r angelands to 
farmlands depends upon the type of crop planted and the 
extent of the conve r s ion . Conve r s ion to cotton in the 
souther n  Great P lains would r epresent a severe los s for 
w ildl ife , but l imi ted conve r s ion to g rain might be 
bene f ic ial to upland game bi rds by provid i ng a source of 
f ood  and by increas i ng habi tat d iver s ity .  The Sand H i lls 
of west Texas , where 63 to 95 percent of the land is in  
native r angeland and the balance is i n  g r a i n ,  prov ides a 
bette r  hab itat for the lesser pr air ie ch icken than area s 
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of 1 0 0  percent nat ive r ange land . Areas where the r ange 
in nat i ve vegetat ion i s  les s than 6 3  percent , however , 
a r e  not capable of sustaining ch icken populat ions 
(C r awford and Bolen 1976 ) . 

The fate of sandy lands following the deplet ion of 
g round wate r for the i r r igat ion of crops i s  a matter o f  
concer n .  Conve r s ion back t o  r ange land w i l l  requ ire 
ir r igat ion , spr ay i ng , and mu lch ing to stab i l i ze frag i l e  
s a ndy s i tes . Unless such measures are implemented , 
dese r t i f icat ion may become a reality in such areas . 

T ame P astures 

I nc r eased use of tame pastures throughout the Great 
Pla i ns and h ig h  prec ip itation areas of the Southwest i s  
expected . Effor ts w i l l  be made to balance seasonal 
for age supplies by using these improved pastures . 
G r a s se s  and legumes that are d rought res istant and more 
produc t i ve wi l l  be made avai lable through plant 
breed i ng . I n  locali zed areas , for age plants are be ing 
i r r ig ated . I f  energy costs permit , th i s  pr ac t ice wi l l  
cont i nue . Improved pastures are most l i ke ly to be 
concentrated on the most product ive s i tes , such a s  
r ipar i an zones , which a r e  f requently also key wildl ife 
hab i tats . The deve lopment of  drought-resi stant leg umes 
i s  l i ke ly to supplant the fert i l i zat ion of g rasses , a 
pr act ice be ing performed on some ranges . Stoc k i ng r ate s 
c a n  be i nc reased by about 5 0  percent on nitrogen
fer t i l i zed ranges of Kansas (Launchbaugh and Owensby 
1 9 7 8 ) . H igh costs will  serve to restr ict fer t i l i zat ion 
to m ixed and tallg rass reg ions , and to locali zed area s 
w i th natural subte r ranean i r r igat ion . 

The conver s ion of rangelands to tame pasture , and 
r ange improvement prac t ices that promote g rassland 
c l imaxes , may have the i r  most damag ing ef fects on 
w i ld l i fe through the loss of abundance and d iver s i ty of 
for bs . Forbs make up about 6 0  percent of the winte r d ie t  
o f  bobwh ite qua i l  i n  west Texas (Jackson 196 9 )  and 16 
per cent of the annual d iet of w i ld tur keys (Litton 
1 9 7 7 ) . I n  southeaster n  New Mex ico , forbs const itute 
about 30 percent of the annua l d iet  of scaled quai l 
( Da v i s  et a l .  197 5 ) . Forbs made up 2 2  percent of the 
annual d iet  of pronghorn ante lope in a study of a 
f o u r -state a rea (Yoakum 1958 ) , and of 7 88  k inds of plants 
repor ted eaten by mule deer , 484 wer e  for bs (Kufeld e t 
a l .  197 3 ) . 
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For songbirds , g rasslands are best when the i r  
c omposit ion i s  var ied . Several  spec ies and g rowth forms 
of g r ass , interming led with d ifferent spec ies of forbs , 
p rovide d iver s ity for many spec ies ( Burger 197 3 , Sprunt 
197 5 ) . However ,  Buttery and Shields ( 19 7 5 ) r epor ted tha t 
r e seed ing , par t icular ly with native plant spec ies , i s  
largely benef ic ial to songbird habitats because i t  
c hanges success ion t o  one mor e  near ly resembl ing c l imax 
commun ities , thus r eplac ing subc l imax bird spec ies with 
those mor e  c losely resembling c l imax spec ies . 

Gr a z i ng Systems 

Mor e intens ive forms of g raz ing of all k inds of ranges by 
l i vestoc k , espec i ally systems that rotate l ivestoc k  among 
s everal r anges  or pastures throughout the year , wi l l  
inc rease i n  the Southwest and Great P la ins . The 
e colog ical attr i butes that make rotat ion espec ially 
suitable in  the Southwest and Great Plains r eg ions a r e 
d r ier c limates , lower b iomass produc t ion ,  and instab i lity 
of plant communities due to vagar ies of weather patterns . 

Rotat ion g raz ing systems have wide appeal ,  but some of 
the mor e  intens ive forms have not been evaluated for the i r  
value t o  wild l i fe . I n  some rotat ion g raz ing systems , 
range plants are allowed to mature before g r a z i ng occur s , 
t he reby provid ing food and cover for many k i nds of 
w i ld l i fe . However ,  new types of intensive graz ing systems 
t hat are mod i f icat ions of rest- rotat ion systems are now 
bei ng i n it iated . With respec t to h igh- i ntensi ty-low
f requency g raz ing systems (HILF systems ) , wher e  the 
vegetat ion is g ra zed by larg e number s  of l ivestoc k 
( somet imes at twice the aver age number appropriate for 

conti nuous g r a z ing of the r ange s ite ) in very shor t 
per iods ( 3 to 7 days)  in shor t r otat ion cycles ( seven to 
ten pastures) , very l i ttle can yet be said of the i r  
potent ial usefulness for w i ld l i fe . The usefulness o f  the 
vegetat ion may be damaged for many k i nds of wildlife , bu t 
i t  may be incr eased for other k inds of wildl ife . The 
pr imary concerns are  forbs and shrubs . Unlike grasse s , 
wh ich g row from or near the base of the plant and can be 
cropped c lose , forbs and shr ubs g row from terminal  bud s 
a nd ap ical mer istems . L ivestock can crop these plants so 
c losely that they are e ithe r destroyed or hedged so 
c losely that the i r  productivity is g reatly r educed . 
These systems of graz ing , of cou r se , can be mod if ied to 
accommodate w i ld l i fe . I ntens ity of use i s  the key . 
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G r a z i ng systems o f  th i s  k ind can be as damag ing t o  
w i ld l i f e  habi tats as overstoc k ing in year long cont inuous 
graz ing systems . 

Mixed L ivestock Grazing 

G r a z i ng by sheep will probably inc rease , espec ially on 
rang e s  that have been overg r a zed by cattle . The d iets o f  
s hee p  a r e  more cathol ic than those o f  cattle , and in many 
ecotypes sheep can be used i n  comb inat ion with cattle .  
I n a s tudy of the i ncomes of wester n cattle and sheep 
ranche s , Gray ( 19 7 1 )  repor ted that sheep ranche s ar e 
f ound f rom Cal ifornia to Texas and that net incomes per 
animal unit were  g reater for sheep than for cattle 
p r imar i ly because product ion costs tended to be lower . 
As e scalat ing costs reduce ranch i ncome s ,  it seems saf e  
t o  p r ed ic t  that l ivestock produc t ion systems will  favor 
the animals that offer the h ighest retur n .  

The angora goat populat ion i n  the Uni ted States i s  
cen t e r ed i n  west and west central  Texas . Th i s  ac tivity , 
a lo ng with sheep r a i s i ng in the Mounta in States , will  
inc rease as raw mater ials ( petroleum products)  used i n  
t h e  manufacture o f  synthetic f iber s  become more costly . 

U nder a mixed g r a z i ng reg ime , habitats are l i kely to 
be r ed uced owing to more complete u t i l i zat ion of forage . 
Th i s  may affec t  nongame wild l i fe and smal l  g ame by 
r ed uc ing escape and nesting cover . Sheep may d i rec tly 
compete for food with wild l i fe , espec ially big g ame . A 
s ig n i f icant d ietary over lap between pronghorn antelope 
and sheep has been demonstr ated ( Buechner 19 4 7 , 1950 � 
Yoakum 197 5 ) . Sheep also compete with mule deer ( Smith 
1 9 6 1 ,  Patton and Jones 1977 ) and wh i te-tai led deer 
( McMahan 1964 ) for forage . However , compatibi l i ty among 
r a ng e  animals i s  re lated to the number of animals us ing 
t he s ame r ange and the cond it ion of the for age (Yoakum 
19 7 5 ) . 

S heep-proof ( ne t )  fences can be a major obstacle for 
p r o ng horns attempting to proc ure food or water or to 
e sc ape f rom deep snow (Yoakum 1980 ) . Sheep-proof fences , 
i n  other words , can be death traps for some forms of 
w i l d l i fe ( Buechne r 1950 , Yoakum 197 5 ) . 

When prope r ly u sed , f i re i s  an ef fective g rassland 
m anagement tool ( Sc i f r e s  198 0 ) . An impor tant use of f i re 
i n  r ange lands is to control shrubs  ( k i l l  nonsprout ing 
s h r ubs or t rees , reduce cover  of sprouting shrubs , r educe 
dens ity of cactus , and remove dead log s or stand i ng 
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stems ) . Burning can also be used to increase for ag e 
p roduction , increase the palatab i l i ty of herbage , and 
control unwanted g r asses (Wr ight 197 8 ) . Because i t  i s  
e nergy e f f ic ient and cost-effective ,  presc r i bed bur ning 
of rangeland will be increas ing ly used in the future as 
r ange managers gain exper ience in using i t .  Wh itson 
( 1980 ) estimated per acre costs of burning in the Edward s 
P lateau of Texas at $2 . 0 2 ( 5 18 ha) to $5 . 37 ( 6 5  ha) . The 
deg ree to wh ich f ire i s  used as a management tool wi l l  
vary among g rassland types . Fire h a s  few uses in 
shor tg rass pr air ie ,  but it has greate r util ity in mixed 
and tallgrass prair ie (Wr ight 197 8 ,  Wr ight and Bai ley 
1980 ) . S imi lar ly ,  f i r e  may be detr imental to blac k  g r ama 
r angelands of the semideser t  g rass-shrub type of the 
Southwest but could be used as a management tool on 
r ec laimed r ange in good cond i t ion (Wr ight 1980 ) . 

Controlled bur ning has been long recogni zed as a tool 
o f  w i ld l ife management . S ince f ire i s  a means of 
reve r s ing or maintaining plant success ion , spec ies of 
lower seral stages are benef i ted the most . Rangeland 
wildlife that can be aided by f i re include the bobwh i t e  
qua i l  (Mi l ler 1963 ) ,  mourning dove ( South iere and Bolen 
197 2 ) , sharp-tai led grouse (Ammann 196 3 , Vog l 196 7 , 
K ir sch and Kr use 197 3 ) , g reater pra i r ie chicken (Vog l  
1967 , Westemeier 197 2 ) , Attwater ' s  pr air ie chicken 
( Lehman 196 5 , Chamr ad and Dodd 197 2 ) , and whi te-tai led 

deer (Armstrong 1980 ) . However ,  the degree of e i ther a 
pos it ive or neg at lve response i s  dependent on a large 
number of factor s ,  inc lud i ng the t iming and intens i ty o f  
the bur n ,  soi l  moisture cond i t ions pr ior to and following 
the f i re , the s i ze of the area burned , the spatial 
pattern of the bur n ,  the sprouting habits of woody plants 
present , the tolerance of the var ious plant spec ies to 
f i re , and the cond i t ion of the preburn habitat with 
respect to the requ i r ements of the wild l ife present . 
Hence i t  i s  d iff icult to def ine spec i f ic impacts . 

The response of subc l imax wild l i fe spec ies to f i r e  
would most l i kely be pos i t ive in the h igher prec ipitat ion 
areas of the pra i r ie par kland and tallg rass pr air ie 
p rovinces ( Ba i ley 197 8 )  and decrease with declines in 
prec ip itat ion and woody cover i n  the mixed and shor tg r as s  
p r a i r ies and semidesert reg ions far ther wes t .  I n  any 
case , large-scale burning conducted without regard to 
habitat value s  that results i n  increased g rass at the 
expense of f lor istic and spat ial heterogene ity and 
r educt ions in the qual i ty and quant ity of essent ial cover 
and forb foods will negatively affect the habitats o f  

Copy r i gh t  ©  Na t i ona l  Academy  o f  Sc iences .  A l l  r i gh t s  rese rved .

Impac ts  o f  Emerg ing  Ag r i cu l t u ra l  T rends  on  F i sh  and  W i l d l i f e  Hab i t a t
h t t p : / /www.nap .edu /ca ta log .php? reco rd_ id=19538

http://www.nap.edu/catalog.php?record_id=19538


1,7 3 

most w i ld l i fe spec ies . Ag with othe r range management 
tools , the key is the integr at ion of wildlife habitat 
obj ect i ve s  with the use of f i re-- for example , by leaving 
woody motts for cover and provid ing several seral stages 
of postbur n vegetation (Boc k  et al . 1976 ) . 

Ripar i an Zones 

R ipar i an habitats are special or h igh-use habi tats desi red 
by many e lements of soc iety for par t icular puEposes . They 
are of te n  the focal or key elements in  the habitats of 
many k inds of wildlife . I n  the Southwest they have bee n 
s ubj ected to intens ive brush control to promqte water 
conser v a t ion and to provide grazing for l ivestoc k . I n  
some are as ,  wild herds o f  hor ses and burros are espec ially 
damag ing to r ipar ian hab itats , but the Wild Hor se and 
Bur ro Ac t (PL 92-19 5 )  d i rects BLM to protect these 
animal s . In the nor thern Great Plains , woody communitie s 
i n  r ipar ian zones are declining ( Sever son and Boldt 1977 7  
Boldt e t  al . 197 8 , 197 9 ) , pr imar i ly owing to concentr ated 
l ivestock use ( S isson 1976 , Sever son and Boldt 197 7 ) . 
L i kewi se , cottonwood ecosystems i n  northeaste rn Color ad o 
are d ec l ining owing to several b iolog ical and physical 
factor s includ ing grazing and wate r management practice s 
( Crouch 1979 ) . 

J ohnson ( 19 7 9 )  repor ted that r ipar ian communi t ies are 
the mos t neg lected and poor ly understood among the var iou s 
ecosystems , and damage to them caused by l ivestock graz ing 
and i r r igat ion proj ects has done i r reparable harm to 
w i ld l ife habitats . Less than 15  percent of the or ig inal 
r i pa r ian habitat r emains in Ar i zona (McNatt et al . 1980 ) .  
I n  a r eg ion known for i ts ar idity and f r ag i l i ty ,  loss of 
r ipar ian vegetat ion impover i she s  the landscape and thos e 
t hat use i t .  I n  the nor thern Great Plains , loss of woody 
d r aws negatively· .affects sharp-tai led grouse , deer , and 
m any nongame birds ( Severson and Boldt 1977 ) . 

Commerciali zat ion of Recreation 

U nl e s s  the larger mammals , mainly deer , elk , �ntelope , 
and sheep , can compete in the mar ketplace with livestock , 
i t  appear s l i kely that much of the r angeland habi tat will 
be deg r aded for wildlife use . I n  Texas there i s  a mar ke t  
f or many spec ies of wildlife because there are few publ ic 
lands ava ilable to hunter s  and most pr ivate lanQs · are 
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protected by laws aga inst trespass i ng . Hundred s  o f  
thousands of hec tares o n  rangelands i n  Texas are leased 
for hunt ing each year , at pr ices  rang ing up to $10 pe r 
acre ( Burger and Teer 1 9 8 2 ) . B ig g ame , upland g ame 
birds , and migr atory waterfowl are hunted on these lands , 
a s  are exot ic animals  ( Teer 197 5 ) . A lthough there are no 
current est imates of the income obta ined by ranche r s  from 
l eas ing land , the i ncome exceeds that gained f rom the 
sale of domestic l ivestoc k in a g reat many cases . I n  
1 9 7 7 , a hunt ing lease cost a n  ave r age $224  for the season , 
and i t  i s  est imated that 4 5  percent of the hunters  pa id 
s uch leas ing fees (L . B .  Mer r i l l  and R . E . Wh i tson , Texas 
A&� Unive r s i ty ,  per sonal communicat ion) . Hunte r s  pa i d  
l andowner s  i n  Texas $108 m i l l ion for leases i n  197 1 
( Berger 197 4 ) , and the aver ag e  cost has inc reased twofold 
or threefold s i nce then.  

Rangelands are obv ious places for  game hunt ing and 
othe r recreational act iv i t ies , wh ich are stead i ly 
i nc reasing . Eventually the r e  will  be pressures to use 
public r ange land s for these purposes ,  wh ich will  the n  
h ave t o  be cons idered i n  land use and budget dec i s ions . 
The federal gover nment i s  ethically and economically 
j us t i f ied i n  r equ i r i ng the payment of a fee for access to 
public r angelands . The user s-pay concept has va lid i ty in  
public land management , and use  of th i s  concept by 
managers  will surely increase . 

The Pac i f ic Nor thwest and Rocky Mountain  Reg ions 

The Pac i f ic Nor thwest and Rocky Mounta in r eg ions have 
much g reater d ive r s i ty in c l imate , soi ls , topog raphy , and 
vegetation than the ar id and semiar id reg ions of the 
western United S tates . Very low amounts of prec ipitat ion 
char acter i ze the cold dese r t s  and the r a i n  shadows of 
h igh mountains , wh i le prec ip i tat ion falls in large amounts 
in the r a i n  forests of the coast . Vegetation communi t ies  
i nc lude annual and dese r t  g r asslands , chapar ral , shrub 
lands , shor tg rass and midg r a s s  pr a i r ies , and a g reat array 
o f  forest commun i t ies . 

L ivestock g r a z i ng i s  the predominant form of r angeland 
use . Although lumber ing is  the pr imary industry in  the 
f orest lands , g r a z ing by cattle and sheep is impor tant 
there  also . Most of the level and productive lands are 
p r ivately owned , and r anche r s  very often have access to 
publ ic lands , wh ich are used as integ ral  par ts of the i r  
r anch i ng operat ions . Water r ights and access to publ ic 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


17 5 

lands are  extremely valuable assets , and the i r  value i s  
ref lected i n  the pr ices charged i n  sales of pr ivate 
hold i ng s .  

The two r eg ions are well known for the i r  g reat herds 
of big game , inc lud i ng elk , deer , moose , mountain sheep ,  
and w i ld goats . They are perhaps the most-used vacat ion
land s i n  North Amer ica because of the i r  scenic g randeur 
and natural beauty . They contai n  many wilder ness areas 
and par k s  of great i nterest to recreationists and soc iety 
g ener ally .  

C onf l icts among user g roups are i ntense , and they are 
inc r e a s i ng . S i nce m ineral , oi l ,  lumbe r i ng ,  l ivestock , 
w i ld l i fe , recreat ional , and environmental i nterests all 
vie for control of resource s i n  the two reg ions , the 
adm i n i strat ion and management of publ ic and pr ivate lands 
ar e qu i te complex . The Sagebrush Rebe ll ion , a name g ive n 
to the attempt by some i nd iv iduals and gr oups to have the 
fede r a l  government d ivest itself of publ ic lands by 
s e l l i ng  them or g iving over the i r  management to the 
state s , has been a fervent i ssue in the late 197 0 s  and 
e ar ly 1980s . The matter is s t i l l  be ing debated . 

I ntens if ied L ivestock Production 

By the year 2 0 0 0 , cereal g ra i ns will  probably become so 
impo r tant as human foods that we may not be able to 
a f ford to feed as much to fatten l ivestock . Mor e red 
mea t  w i l l  thus have to be produced on rangeland s  alone . 
Many l ivestoc k  feedlots in the Columb ian Bas in of 
Wash i ngton have already gone out of bus iness . As the use 
o f  r a ngelands for cattle and sheep product ion grows more 
intens ive , i t  will  have an increas ing effect on w i ld l ife  
h ab i tats in  the reg ions ( USDA , Forest Service 19 7 9 ) . 

Large number s of domestic l ivestock feed ing on the 
r ange for longer per iods of t ime will  inev itably reduce 
the f o r age avai lable for big game spec ies . Range used by 
b ig g ame i n  winter , for example , is frequently summer 
r ang e for livestock . Even though cattle and sheep and 
e lk ( Leege et al . 19 7 7 ) are pr imar i ly grass eater s ,  wh i le 
dee r (Hosley 1956 , Urness 198 1 ,  Wal lmo and Regelin 198 1 )  
a nd p ronghorn antelope ( Yoakum 1958 ) consume mor e £orbs 
and browse , at t imes both domestic and wild herbivore s 
e at t he same food s .  Th i s  i s  espec ially true i n  spr ing 
th r oughout most of the i r  shared rang e .  

The land use plann i ng process for public r ange lands 
ha s emphas i zed the allocat ion of an imal-un it-month s 
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(AUMs ) of graz ing between domestic and w i ld ungulates on 
h igher e levat ion summer and spr ing- fall r anges .  But the 
number s of w i ld ungulates , par t icular ly elk , have 
i ncreased r ather substant ially in cer tain areas . These 
animals are said to be caus i ng severe damage on pr ivate 
lands a t  lower e leva t ions , where they spend the w inter . 
The states and the Forest Service are be ing pressed by 
i ncreas ing number s  of landowner s  and r anchers to reduce 
w i ld ungulate number s (Peek et al . 198 2 ) . 

Meanwh i le ,  some of the larger pr ivate t imber companies 
are beg inning to lease the i r  lands for l ivestock grazing .  
S ince tree rotat ion cyc les i n  the r eg ions east of the 
Cascades are 50 year s or more , the inc l i nat ion of the 
companies to seek add i t ional i ncome f rom the land is 
under standable . 

Even though i ntens i f ied use by l ivestoc k will  
generally r educe the value of  forested habitats fo r 
w i ldl ife , there are some oppor tun i t ies to alleviate 
negat ive impacts . For example , l ivestoc k graz ing can be 
d irec ted to control the g rowth of some vegetat ion species ,  
such a s  tal l shrubs , to keep them within reach of deer 
a nd e lk (Hedr ic k et  al . 198 1 ) . L i kewi se , an under stand ing 
of the d ietary over lap between l ivestock and wild 
u ngulates can be used to relieve g raz ing pressure on 
plants used by both . Heavy l ivestock grazing may be 
needed to keep the reg rowth of introduced plants ( e . g . , 
crested wheatgrass)  palatable to deer (Leckenby et al . 
1 9 8 1 ) . 

I n  summary , w i ld l i fe habitat cond it ions will suffer 
because of i ntens ive range land pract ices i n  the decades 
a head , but these effec ts can and should be alleviated by 
thoughtfu l management . 

Convers ion to Croplands 

I n  the P ac i f ic Nor thwest ( Idaho , wash ing ton , Oregon , and 
nor thern California)  there has been an increase i n  the 
c onvers ion of r angelands into croplands through 
i r r igation and dry- land farming methods . Although the 
amount of water ava i lable for i r r igat ion will  d iminish 
because of demand from industr ial and domest ic user s , 
more land area will  be i r r igated through more eff ic ient 
i r r igat ion methods . Dry-land farming will  inc rease 
f ur ther because of the deve lopment of drought-resi stant 
var ieties of cereal g r a ins and minimal t i llag e  techniques . 
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I n  BLM ' s Boise D i str ict ,  3 6 , 0 0 0  o f  the d istr ict ' s  ove r 
2 . 3 m i ll ion ha was transfer red to pr ivate ownership 
through the Dese r t  Land Entry Act dur ing the 19 7 0 s .  A n  
add i t ional 8 1 , 0 0 0  h a  i s  be ing cons idered for transferral 
dur i ng the 1980 s .  These land s are be i ng sought by 
pr ivate owners mainly for i r r igated agr icultural uses . 
Roughly 1 5  to 2 0  percent of the Boise Di str ic t  can be 
converted to i r r igated cropland (Michael Kochar t ,  Bureau 
of L and Management , Boi se , Idaho , personal communicat ion) � 
I n  the ent ire state of Idaho between 1947  and 1962 , 1900  
appl icat ions for land transfe r wer e  f i led under prov i s ion s 
of the Desert Land Entry Act .  S ince 196 2 , 4 200  
appl icat ions have been f i led . 

The amount of acreage to be i r r igated in  the d istr ic t  
w i l l  not b e  impress ive compared t o  the whole . However , 
t he a reas to be conver ted are apt to be the best of what 
i s  ava ilable--r ipar ian zone s or zones adj acent to suc h 
a r e as , i . e . , winter r ange for mule and black-tai led deer , 
elk , and pronghor n antelope (Wallmo 19 8 1 ,  Thomas and 
Towe i ll 1982 , K indschy et a l .  198 2 ) . The inc rease in 
vegetat ion caused by i r r igat ion will  attrac t  some 
w i ldl i f e ,  par t icular ly deer and elk , which will  be 
treated by ranche r s  as pests . The amount of investmen t 
needed to br ing such lands i nto ag r iculture is  quite h igh 
on a per hectare bas is , and tolerance of damage to crop s 
by w i ld l i fe i s  apt to be cor respond ing ly low. Thus 
neg a t i ve effects wi l l  extend to many more animals tha n 
m ight be expec ted from the amount of acreage involved . 
Othe r areas cr i t ical for par t icular spec ies , such as th e 
I daho B i rds of P rey Natural Area , are also l i kely to 
suffer encroachment through conve r s ion to ag r iculture .  
I n  s uch c ases the ag r icultural operat ion will  r esult in 
the i n troduct ion of pestic ides , herbicides , and 
f e r t i l i zers into what is now a relat ively • c lean• 
env i ronment , and adver se ly affec t  wildl ife stocks . 

Revegetat ion and Brush Control 

Seed i ng to grasse s generally reduces the heterogene i ty of 
a n  a r ea and produces a more uniform vegetat ive cover . 
Suc h  s ites are not usually produc t ive of food for 
w i ld l i f e ,  espec ially small mammals and birds ( Reynolds 
and Trost 198 0 ) . On the dry canyon escarpments of the 
S na ke , Salmon , and C learwater Rivers of nor thern Idaho , 
however , crested wheatgrass prov ides spr ing food for 
c h u kar par tr idges because it is the f ir s t  to produce new 
gro�th in ear ly spr ing . 
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H igh desert steppes are  in  generally poor cond i t ion 
and make poor graz ing land , but  there i s  a trend toward 
intens if ied manag ement in the form of sagebrush- junipe r 
control , with or w ithout convers ion to c rested wheatg rass 
(Heady and Bar tolome 197 7 ) . Land s that can be i r r iga ted 
are be ing conver ted to croplands . 

H igh deser t steppes are structurally qu ite s imple , eve n 
when occup ied by forb-grass , shr ub ( largely sagebr ush ) , 
and tree ( largely j un iper ) layers . I ntens i f i ed manag ement 
t ends to r emove ( tempor ar i ly)  sagebrush and j un iper . Th is 
fur ther s implif ies structure and reduce s the w i ldlife  
spec ies assoc iated w i th sagebrush and tree  cover (Maser 
et al . 1 9 8 1 ) . Th i s  impac t is par t icular ly apparent when 
comb ined with the plant ing of g rasses , and mos t g raph ic 
when crested wheatg rass is u sed ( Reynold s  and Trost 1980 ) • 

The exact relat ionship between w i ldlife and c rested 
wheatg rass seed i ng s  is not we l l  understood ,  but few 
w i ldl ife spec ies are expected to benef it . Among birds , 
only hor ned lar k s  and long-bi lled cur lews have been 
ident if ied as nest ing in  c rested wheatgrass seed ing s .  
Pronghor n ante lope may benef i t  from a r educ t ion i n  
s agebrush- j un iper , with o r  w ithout seed ing s ,  i n  cer tain 
areas ( K i ndschy et al . 1982 ) . 

Much of the convers ion of nat ive r ange lands of the 
Nor thwest has been to crested wheatgrass , a step towar d 
mor e beef produc t ion . L ivestock numbers tr ipled in Idaho 
between 19 5 0  and 197 5 ,  ma inly because of rang e improve
ments on pr ivate lands ( brush control , seed i ng , and water 
deve lopment ) ( Sharp and Sander s 197 8 ) . 

A dec l i ne i n  the use of herbic ides i s  predic ted for 
the reg ion . Some he r b ic ide formu lat ions are extreme ly 
tox ic to f ish , and the i r  appl icat ion along streams also 
r educes shade , thereby incr eas ing water temperature . 
P roper herbic ide use ( applied at the r ight t ime and i n  
the r ight amount) can reduce low-value browse and promot e 
h igh-quality for age for big g ame spec ies , par t icular ly 
e l k , pronghor n ante lope , and mule dee r ( Scotter 198 0 ) . 

F i re w i l l  increas ing ly be u sed to manage undesirable 
brush spec ies . F i r e  i n  sagebrush can reduce th ic k stand s 
and i ncrease the edge effec t ,  because f lames do not carry 
we ll in  th inner stands (Neuenschwander 1980 ) .  A mosa i c  
o f  burned and unbur ned areas i s  thus created that 
benef its forage produc t ion for livestoc k and yet reta i n s  
w i ld l i fe food and cove r . 
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Forest Gra z i ng 

L ivestoc k g raz ing occurs on a s ignif icant por t ion of 
feder a l  forested lands and in  the Nor thwest and i s  
dest ined to increase . For example , 5 8  percent of the 
Forest Serv ice land s  in Idaho are grazed ( Sharp and 
Sander s  1 9 7 8 ) .  The Mult iple U se and Sustained Y ield Act 
and the BLM Organic Act are intended to ensur e that both 
w i ldl i f e  and domestic animals , among other uses , will  be 
suppor t ed .  

The plant ing of g r asses and forbs for forage product ion 
will decrease , where not needed for eros ion control , to 
hold down compet i t ion w i th trees , prevent grazing damage 
to trees , or both . Damage to forest crops by ungulates-
domest ic or w i ld--will  be less toler ated . S imu ltaneously , 
pressures are deve lop ing for increased grazing on public 
lands ( USDA , Forest Service 1979 ) .  Pr ivate t imber 
compan ie s  are turn ing to graz ing lease s as a means to 
i ncrease revenues .  

Recent for estry leg i s lat ion and economic pressures 
( incr e a s i ng long-term demand and dec reas ing land base ) 
have c ombined to produce a trend toward intens if icat ion 
of land use prac t ices for both for age and wood produc t io n  
i n  forests east o f  the C ascades .  Such intens i f icat ion i s  
or ien ted toward increased product ion o f  l ivestoc k  and 
t imbe r . T imber harvests w i l l  therefore occur at 
re lat i ve ly young ages � i . e . , old growth forests wil l 
become i ncreas ing ly r are . The plant ing of se lected seeds 
or seedl ing s  will  i ncr ease , a s  w i l l  more intens ive s ite 
prepar at ion (Thomas l979a) . 

I n  land use plann ing on public lands , there i s  a 
conf l ict  between des ired inc r eases in the product ion of 
timbe r and l ivestoc k  and ma intenance of deer , elk , f i sh ,  
and c av i ty nesters ( for example , see USDA , Forest Service 
19 8 0  and USDI , Bureau of Land Management 1981) . 
I ntens if ied management i s  the result of rapidly i ncreasing 
dens i ty of roads , wh ich i n  turn increase s human access 
and d isturbance ( Peek and H ieb 1976 ) . A r e l iance on 
re l a t ive ly small even-aged forests i s  increas ing 
s t r uc tural d iver s i ty between stands but dec r eas ing the 
dive r s ity within stands (Thoma s l97 9b) . More intens ive 
g r a z i ng systems are be ing installed . General r ange 
cond i t ion seems to be steady or dec l in i ng , and i n  gene r a l 
r ang es are c lassed as " poor "  or " fa i r . "  

Red meat product ion i s  cons ide red an appropr iat e 
product from forest-g r assland areas and is apt to rece ive 
inc reased emphas i s  (USDA , Forest Service 1980 ) , but th i s 
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tr end will  come under greater oppos ition as be ing 
c ontrary to forestry and w i ld l ife interests . Conf l icts 
will i ncrease , but in  the end the loser s  are l i kely to be 
d eer and elk . 

O�LOOK 

The i ntens if icat ion of land management prac t ices t o  
e nhance product ion of domest ic l ivestock , wood f iber , and 
other agr icultura l  products will  have generally adverse  
impacts on w i ld l i fe .  If  w i ld l ife i s  to  be  ma intained in 
numbers des ired by soc iety , i t  w i l l  be e ssent ial  to 
i ntens ify w i ldlife management and r esearch . No longer 
will it be suf f ic ient to perm it  wildlife to be a chance 
by-product of other c ircumstances . 

The most impor tant step i s  to make sure that all  land 
m anagement plans and r esearch i nc lude considerat ion of 
w i ld l ife values . Without th i s  step , the loss in the 
quantity and quality of w i ld l i fe habitats w i l l  cont inue 
at its present alarming rate . Thi s  is a trend that can 
be rever sed only w i th plann ing . 

As i n  the management of agr icultural produc ts , the 
management of w i ldlife hab itats must be d irected at the 
spec ies most des i r ed . The not ion that wildlife can be 
preserved or favored through the management of other 
resources is not demonstr ated by h i story or suppor ted by 
ecolog ical theory . "Good r ange management , " " good 
forestry pract ices , "  and " conservat ion agr iculture" ar e 
p ious phrases that have been costly to w i ldlife habitats . 

Without quest ion , however , the des ires of pr ivate 
l andowner s  must be cons idered in dec is ions about how the 
r angelands and woodlands are to be used . Very few 
Amer icans , e spec ially those i n  the West , support zon ing 
on pr ivate lands , but the bulk of public opinion also 
seems to be that the publ ic lands are no longer the 
pr ivate domai n  of the West or of spec ial interest 
g roups . It i s  now generally held that publ ic lands 
everywhere are the proper ty of all the people of the 
U n i ted S tates . 

B ecause the public i s  ask ing for th i ng s  other than 
food and f iber from both pr ivate and public lands , 
i ntensi f ied management to preserve w i ldlife habitats i s  
j ustif ied . The trend toward commerciali zat ion of 
r ecreation , be it hunt i ng , f ishing ,  sk i ing ,  h i k ing ,  or 
camp i ng ,  i s  g iving w i ldl ife hab itats a place in the 
market and a chance to compete with other forms of land 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


1 8 1  

u se .  O n  publ ic lands , management for w i ldlife a s  well as 
othe r uses is mandated by governmental laws and 
r eg u la tions , and enforcement of laws and regulat ions 
requ i r i ng mult iple use of resources has gained momentum 
in the past decade . Management strateg ies may i nvolve 
set t i ng pr ior i t ies for the h ighest or best use ; however , 
there are few land forms or ecolog ical types that cannot 
prod uc e  more than a s i ng le produc t .  

The c ase for combining domestic l ivestock w i th w i ldlife 
pro tec tion i s  no longer questioned . L ivestoc k graz ing 
c an be thought of as a tool i n  w i ldlife management tha t ,  
when properly appl ied , c a n  have a synerg istic effec t  o n  
t h e  p roduction of both w i ldlife  and l ivestoc k .  However ,  
key habi tats--suc h  a s  r ipar ian zones and winter ranges 
( usually valleys and lower s lopes) --should be cons idered 
to b e  of essential value to wild l i fe . They have 
d i sproportionate impor tance in relat ion to the i r  s i ze 
bec ause they meet seasonal requ i r ements not avai lable 
o therwise . They should therefore be protected from 
intens ive l ivestoc k g r a z i ng ,  and wherever poss ible , o the r 
a r e as ( such as c learcuts and tree plantat ions) should be 
made avai lable to l ives toc k  to rel ieve pressures on key 
w i ld l i f e  habitats . 

T h e  r egulations and laws governing the uses of publ ic 
lands should be examined with a v iew to clar i fy i ng 
r e sponsibilit ies , r emovi ng i nequ i t ies among user g roups , 
and r idd i ng the system of over ly restr ict ive rules . The 
f eder al government manages the land , the s tates control 
the w i ldlife , and the l ivestock producer s  own the 
l ives tock (Counc i l  for Agr icultural Science and Technology 
197 5 )  • To protec t these bas ic resources whi le us ing them 
w i sely is a goal that has d if ferent d imensions and 
def i n i t ions . I t  seems prop i t ious to accept the 
J e f fe r sonian doctr i ne that the federal government should 
be i nvolved only i n  those th i ng s  that the state s or 
i nd i v iduals c annot do for themse lves . C learly , the 
fede r a l  government must  cont i nue to admin i ste r publ i c  
l a nds , but with f irmer , more eff ic ient , and more 
equ i t able management . 

The setting of pr ior i t ies for produc tion on pr ivate 
lands is done largely on the bas i s  of economic s and land 
p r oduc t ivity . These concepts are appropr iate for publ ic 
lands as  well . For example , it is diff icult to raise 
sheep and goats i n  areas where coyotes and other large 
pr edators  are not controlled . These lands may be zoned 
f or s heep r anches and the predator s removed . On the 
other hand , domestic animals that are vulnerable to 
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pr edat ion may b e  barred from areas where par t icula r 
w i ldl ife spec ies need protec t ion . The losses occurr ing 
to rancher s from the bu i ld-up of migr atory hoofed mammal s 
on w inter r anges i s  another example . Rancher s i n  such 
s i tuat ions pay for a result that enc roaches on the i r  
i ncomes . I n  some manner , an equ i table solut ion must be 
found . 

The concept that users  should pay for spec i f ic r ights 
should be promoted on both pr ivate and public lands . 
W i ldlife i s  a commod ity that i s  beg inning to be tr aded , 
admi ttedly i n  a numbe r of currenc ies . However ,  ranches , 
t imber companies , and other ag r icultural i ndustr ies are 
beg inning to lease the i r  lands for r ecreat ional purposes . 
I n  some case s ,  the i ncome f rom such d i spersed ac t iv i t ies 
i s  h ighe r  than that from othe r land uses . Texas has the 
beg inning s  of a commerc ial hunt ing system , and th i s  
conc ept i s  now spread ing i n  var iou s forms throughout th e 
U n i ted S tates . 

P arks  and equ ivalent preserves are not suff ic ient to 
save habitats for wild l ife i n  the amount s and for the 
p urposes des ired by soc iety as a whole . For a more 
detai led analys i s  of soc ial benef its , see Bur t  and Br eve r 
( 19 7 1 ) , F insterbusch ( 1980 ) , and R ichards ( 19 80 ) . 

Nonconsumpt ive use s are the ma in  use s i n  such areas . 
H unters  and f i shermen make up a large segment of outdoor 
recreation ists , and r ec reat ional opportun i t ie s  should be 
a llowed on pr ivate lands and on publ ic lands other than 
par ks  and othe r preserves . Thus the trend toward 
c harg ing fees for w i ld l i fe produc t ion will have to 
increase if w i ld l ife habitats are to be protec ted o r  
d eve loped . I t  i s  not feasible o r  acceptable to most land 
manager s to allot resource s to a wi ldlife crop on which 
there i s  no economic r etur n ,  or to allocate resources 
that might be used to produce more mar ketable produc t s  
s uch as l ivestoc k .  

The users-pay concept should also be extended to 
public lands . There are as strong ethical and biolog ica l 
r easons for charg ing fees for d i sper sed rec reat ion ,  
inc lud ing hunt ing and f ishing ,  a s  there a r e  for charg ing 
e ntry f ees to nat ional par k s  and for s k i- l ift t ickets , 
camp s ites , and othe r amen i t ies . Fund allocat ions fo r 
the management of w i ld l i fe on public lands have been 
among the lowes t  in both federal and state budgets . A 
u ser s-pay system would prov ide needed add it ional fund s .  

Moreover , one o r  another potent ial produc t  may be 
r u led out on b iolog ical , soc ia l ,  or econom ic g round s .  
Cost-benef i t  cons iderations , although they may const i tut e 
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a bi tte r pill to those who favor some uses , are the 
c u r r e ncy of most dec i s ions . Nonetheless , those mak ing 
dec i s ions about land use allocat ions and product ion 
systems should be wary of any pressure g roup , be i t 
ag r icultural , envi ronmental , or industr ial . 

W i th the stead i ly i ncreas i ng populat ion abroad , the 
Un i ted States f aces some dec i s ions on how i t  will  explo i t 
i ts natural resources for pol i t ical , economic , and 
alt r u i st ic purpose s abroad . Should we deplete renewabl e  
and nonr enewable r e sources t o  " feed a hungry wor ld " ?  
Should we intens ify product ion systems a t  the expense o f  
value s that our soc iety sees a s  part o f  i t s  her itage? 
Thes e  are quest ions that mus t  and will  be debated dur i ng 
the next decade . Policymaker s  i n  and out of gover nment 
mus t  be organi zed to address these larger issues , wh ic h 
w i l l  h ave the largest impac ts on preserving and enhanc ing 
wi ld l i fe habitats . 

RESEARCH NEEDS 

Determine the impacts of var ious l ivestoc k  g razing 
sys tems on w i ld l ife populat ions and w i ldl ife habi tats . 
Many k inds of g r a z ing systems are be ing init iated with 
the v iew of i ncreas ing l ives toc k  product ion . These 
sys tems are usually of a rest-rotat ion type , but some ar e 
de s ig ned for i ntens ive g raz ing for shor t per iods , and the 
poten t i a l  for damag ing d icots ( shrubs and for bs ) as 
w i ld l ife food and cover p lants may be very g reat . 

Deve lop chemical herbic ide s that are mor e  
se l ec t ive for target spec ies of plants . Chemicals that 
are be i ng used i n  r ange improvement wor k are usually 
broad-spectrum agents . These agents destroy many plants 
valuable not only in the wi ldlife  hab itat but also to 
l ives tock . A great need ex ists  to deve lop chemicals for 
ind i v idual spec ies or groups of spec ies . 

• Determine the s i zes , conf igurat ions , and 
veg etat ive compos it ion of w i ldl ife habi tat areas to be 
protec ted in r ange improvement prog r ams . I n  remova l of 
nox ious spec ies of plants , ma inly woody spec ies , w i ld l i fe 
hab i tat i s  often destroyed because informat ion on 
w i ld l i fe needs for spec i f ic k inds ,  amounts , and shapes of 
br u s h  tracts to be lef t  is not wel l  known . Research to 
determine these parameters for var ious spec ies of w i ld l i f e  
i s  a h ig h  pr ior ity because much rangeland i n  the wester n 
s tates has been i nvaded by woody spec ies that are 
con s idered undes i r able for l i vestoc k  product ion but tha t 
have cons iderable w i ld l i f e  values . 
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I nvest igate methods of restor i ng  w i ldlife  habi tats 
through the plant ing of seeds and nursery s toc k .  Many 
r angeland s i tes have been destroyed as wildlife habitat 
through i ntensive r ange improvements and overg razing .  To 
restor e these habitats , planting s  of woody spec ies and 
o ther plants may be requ i red .  A need ex i sts to determine 
management of var ious cult ivar s of value to w i ld l ife . 
There i s  also an increasing need to plant var ious k inds 
of woody and herbaceous mater ials on lands that have bee n 
m ined for coal  and other m inerals . At present , only 
certain k i nds  of for ages ( coastal Bermuda , for example ) 
o f l i ttle value to w i ldlife are be ing used in land 
rec lamat ion . 

• Determi ne the soc ial and economic par ameters that 
are i nvolved in init iat ing a user s-pay system for 
r ecreat ion and othe r uses of both publ ic and pr ivat e 
l ands . Hunt ing , r ecreat ion , and other outdoor uses of 
wildlands are be ing g iven to soc iety by pr ivate 
l andowners  and by the u.s. government . Consequently , 
there i s  l ittle impetus for the landowner to allocate 
r e sources for w i ld l i fe manag ement . It seems impor tant 
that user s pay for what they r ece ive , and that landowner s  
a nd land operator s be r ewarded for the i r  product ion-
whether it be wheat or w i ld l i fe .  Human d imens ions i n  
w i ld l i fe management are o f  i ncreas i ng interest to 
resource agenc ies , and to i nvestigate the problems i n  
c harg ing for r ecreat ion would seem to be impor tant in 
th i s  day and t ime . 
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9 
Impacts of Agricultural Trends 
on Lake and Stream Habitats 

DESCRIPTION OF SURFACE WATER HABITATS 

T h i s  chapter deals w i th the inland water s ,  wh ich cover 2 
pe rcent of the land of the cont iguous United States . 
These are the bod ies of fresh wate r s  that are commonly 
called lakes , ponds , streams , r ive r s , and reservoir s ,  th e 
l ast be i ng the impounded por t ions of f lowing water s .  
Exc luded from th i s  chapte r and cove red elsewher e  ar e 
wetlands and estuar ies . No attempt i s  made here to 
d i st inguish by s i ze the bod ies of water . Lakes ar e 
s imply larger bod ies of water than pond s .  Both have 
suf f ic ient areas of ope n water to d i st inguish them from 
marshes or other wetlands . S treams are r e lat ively smal l  
r iver s .  Lake s and ponds are stand i ng , or lent ic , water s ,  
wh i le s t reams and r iver s  are f lowing , or lot ic ,  water s .  
Re servo i r s  have some char ac ter i st i c s  of both lent ic and 
lot ic env i ronments .  

I n  s i ze the lent ic wate r s  r ange from numerous farm 
pond s of less than 1 ha to Lake s Super ior and M ich igan , 
each hav i ng ove r 50 , 00 0  km2 within the boundar ies o f  
t he Uni ted States . Streams and r iver s  r ange from small 
spr ing-fed brooks to the Miss i s s ipp i River , wh ich has a 
d r a inage bas i n  of approx imate ly 3 m i l l ion km2 (Re i d  
1 9 6 1 ) .  

S ur f ace wate r s  are char acte r i zed by mater ials f rom 
the i r  wate rshed , mater ials that are both natu r a l  and 
man-made . Thus the qual i ty of each stream and lake i s  
d i r ectly re lated t o  the geology and soi l type of the 
water shed , to c limate and p rec ip itat ion ,  to the type and 
amount of ter restr ial vegetat ion , and to the deg ree and 
type of human act ivity w i th i n  the drainage bas i n .  Because 
the se var i ables result in many type s of interact ions , 
e ach lake or str eam i s  a unique system affected by the 
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character i s t ic s  of i ts bas in . Th i s  deg ree of var iab i l i ty 
is such that any one pract ice tha t severely affect s an 
aquat ic system i n  one area may have l i ttle impact on the 
system in anothe r area . Spec if ic pred ict ions of the 
impac ts of ag r icultural prac t ices on aquat ic systems are 
diff icult to make . Thus such pred ict ions are often 
l im ited to gener a l i zat ions . 

I n  add it ion to var iabi l i ty i n  water qual i ty ,  there are 
differ ences in  water quant i ty and bas ic physica l 
d ifferences among lakes and streams . Deep lakes with 
large volumes of wate r behave d i fferently from shallow 
lakes , and these d if ferently f rom ponds . Large r iver s  
have cha r acte r i s t ic s  that d if f e r  from streams , and 
s treams d if fer from one another based on the i r  g r ad ient 
and thu s the ve loc ity of the wate r . Streams and r ive r s  
are open systems whe re few mate r ials accumulate because 
of the unidi rect ional f low of water . Reservoi r s  are les s 
open systems that serve as e f fect ive sed iment traps . 
Ponds and lake s are c losed systems where mater ial s  
accumu late and , to some extent , are recyc led . Many lakes 
in the nor the r n  lat i tude s of the United States mix twic e 
a year , in  the spr ing and fall , wh i le lakes in the 
southe r n  lat i tudes may mix once or twice in one year o r  
not a t  all , depend ing on c l imat ic cond i t ions . M ix i ng 
refer s to the sur face layer s  of a lake turning warm i n  
the spr i ng o r  cool i n  the f al l ,  w i th the result that the 
lake become s homothermous .  At those t ime s there i s  
l ittle r e s i stance t o  mixing by wind .  Mix ing usually 
fac i l i tate s the cyc l i ng of mater ials in  a lake . 

Wh i le there i s  great var i ab i l i ty among bod ies of 
water , there also are s im i lar i t i e s  that make gener a l  
pred ict ions possible . The volume of water i n  a lake , or 
the d i scharge of wate r by a stream ,  occur s with i n  a t ime 
f r ame that gove rns the deg ree of influence of any 
ac t i v i ty .  A smal l  lake or stream ( and l i kewise shor t
l ived , small organ i sms ) i s  mor e sens it ive to a par t ic u lar 
impac t  than a large lake or st ream .  Ther efore the 
accumulat ion of a g iven nutr ient wou ld be man ifested more 
rap idly as eutroph icat ion or overenr ichment in a small  
lake  than in  Lake Super ior . Although a small aquat ic 
sy stem is more r ap idly af fec ted by nutr ient input than a 
large aquat ic system , it  i s  much more d i f f icult to change 
a large volume system wher e  mater ial  has been allowed t o  
collect . For th i s  reason , g reat c a r e  must be taken to 
prevent d isrupt ion of large aquat ic systems . 

The hydrolog ic cyc le that ma intains the qual i ty and 
volume of lake s  and streams i s  a second concept that mus t 
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be cons idered . The qual ity and quant ity of  prec ip itatio n  
a nd r unoff inf luence the qua l i ty and quantity o f  water in 
lakes and streams . Less obvious , but equally or more 
impor tant , is the re lat ionsh ip between sur face water and 
ground water . I n  many case s  the leve l of water in lake s 
i s  the same as the adjoining underground water table , and 
any lower ing of the wate r table results in a cor respond ing 
lower ing of the lake leve l .  The level of the water table 
also regu lates the base f low of streams , except for those 
in mountain areas . The base f low i s  the d ischarge dur ing 
dry per iods i n  summer and wi nte r  after sur face runof f ha s 
e nded and bank s torage has been depleted . The base f low 
i s  the min imum f low , and it i nf luences the extent and 
types of animal communi t ies l iv i ng in the stream . 

DI STRI BUTION OF SURFACE WATERS 

J ust  as there are var iat ions in the c harac ter of bod ies 
of fresh water , there are also g reat var iat ions i n  i t s  
d istr ibut ion . Over 9 0  percent of our fresh water i s  i n  
underground aqu ifer s , but , as  j ust noted , ground wate r 
c annot be v iewed as totally d i st inc t  f rom sur face water , 
s i nce the two ar e often connected . Of the sur face water s 
i n  the contiguous United S tate s ,  near ly 5 1  percent of the 
water area is located in the u . s .  por t ion of the Great 
Lakes ( Table 9-1) . Th i s  would be an even larger 
percentage on a volume bas i s .  I ndeed , on a wor ldwid e 
bas i s ,  about 20  percent of the sur face f resh water i s  in 
the Great Lakes , mak ing those bod ies of wate r a 
c onsp icuous and important resource . 

I nformat ion on the areas of lakes and m i les  of stream s  
i s  read i ly ava i lable by state . The informat ion o n  s u r f ace 
area is summar i zed in Table 9-1 , wh ich exc ludes lake s and 
ponds of less than 16 ha as we ll as small streams . 
Exclud i ng the Great Lakes reg ion , the South Atlant i c  
r eg ion has the largest area of sur f ace waters . I nc lud ing 
the Great Lakes , the East Nor th Central reg ion has the 
largest area , with M ich ig an lead ing all other s tates . 

The g lac iated areas of the Nor theast and Nor th Centra l 
r eg ions are dotted with lakes whose bas ins wer e  or ig i na l ly 
created by g lac ier movements . Many lakes occur i n  the 
Rocky Mountain and Appalachian Mountain areas , in  the 
P iedmont area of the South At lant ic r eg ion , and in 
F lor ida . Large areas of water ex ist in southern 
reservo i r s  and in reservoir s of the Missour i River bas i n  
and other maj or r iver bas ins of the Great Plains . The 
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TABLE 9-la Summary of Sur face-Water D istr ibution by 
Reg ions of the Cont iguous United States 

Water Water 
Area Are a  

Re9 ion ( klll2 ) Re9 i0n ( klll2 ) 

New Eng land 9 , 4 7 2  East South Central 7 , 7 2 3  
Ma i ne 5 , 9 4 4  Kentucky 1 , 9 3 0  
New HaJIIPsh i r e  7 1 7  Tennessee 2 , 3 7 2  
Vermont 8 8 6  Alabama 2 , 3 3 4  
Massachusetts 1 , 11 6  Mississ ippi 1 , 08 8  
Rhode I s land 4 2 7  
Connec t icut 3 8 1  West South Central 2 8 , 7 3 1  

Ar kansas 3 , 00 2 
Middle At lantic 6., 2 8 6  Loui s iana 9 , 30 6  

New Yor k 4 , 520 Ok lahoma 2 , 94 5  
New Jer sey 8 16 Texas 13 , 4 7 8  
Pennsylvan i a  9 5 1  

Mounta in 2 0 , 30 6  
East Nor th Cent r a l  10 , 8 3 1  Montana 4 , 0 1 7  

Oh io 640 Idaho 2 , 2 7 9  
Ind iana 5 0 2  Wy0111ing 1 , 84 1  
I l l i no i s  1 , 689 Color ado 1 , 24 6  
Mich igan 3 , 6 2 3  New Mex ico 6 5 8  
W i scons in 4 , 37 7  Ar i zona 1 , 27 4  

Utah 7 , 30 4  
West Nor th Cent r a l  24 , 6 6 7  Nevada 1 , 6 8 6  

Minnesota 12 , 3 7 8  
Iowa 9 0 4  Pac i f ic 12 , 3 0 5  
Missou r i  1 , 79 0  Washing ton 4 , 20 1 
Nor th Dakota 3 , 60 5  Oregon 2 , 06 4  
South Dakota 2 , 8 2 8  Ca l i fornia 6 , 0 4 0  
Nebraska 1 , 9 2 7  
K ansas 1 , 2 3 5  TOTAL 1 5 0 , 899 

South Atlantic 30 , 57 8  
Delaware 1 9 4  
Maryland 1 , 7 7 7  
D istr ict of 

Columb i a  16 
Virg in ia 2 , 68 6  
West V i r g i n i a  2 8 7  
Nor th Carol ina 9 , 8 1 1  
South Carol ina 2 , 150 
Georg i a  2 , 0 8 0  
F lor ida 11 , 57 7  

SOURCE: Adapted f r0111 u . s .  Bureau o f  the Census 1970 . 
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TABLE 9-lb D istr ibut ion of United S tates Por t ion of the 
Gr eat Lakes 

I l l i no i s  
I n d i ana 

M ich igan 

Mi nne sota 

New Yor k 

Oh io 
P e nnsy lvan i a  

Wi scons i n  

TOTAL u . s .  a r e a  of G r e a t  Lakes 

Great La k e  

L a k e  Mich igan 

Lake Mich igan 

Lake Er i e  

L a k e  Huron 

La k e  M ich igan 

Lake Super ior 

La ke Super ior 

Lake Er i e  

L a k e  Ontar i o  

L a k e  Er ie 

Lake Er i e  

La ke Mich igan 

Lake Supe r ior 

SOURCE : Adapted f r om u . s .  Bureau o f  the Census 1 9 4 0 . 

Sur face Area 

( km2 ) 

3 , 9 5 2  
5 9 1  
5 5 9  

2 3 , 2 4 5  
3 3 , 7 6 6  
4 2 , 0 3 8 
9 9 , 6 0 8  

5 , 7 2 9  
1 , 538 
7 , 8 5 5  
9 , 39 3  
8 , 9 5 4  
1 , 904 

19 , 13 2  
6 , 928 

26 , 0 6 0  

1 5 6 , 19 1 

midd le of the Un i ted S tates i s  drained by a combinat ion 
of the Miss iss ipp i , Missour i ,  Oh io , Tennes see , and 
Ar kansas r iver s .  The Nor th Centr a l  dra inage through th e 
G r eat Lakes empties into the Atlant ic Ocean by way of the 
St . Lawrence River . The Nor thwest i s  dra ined i n  larg e 
part by the Snake and Columbi a  r ivers . The Color ado and 
Rio Gr ande r iver s  carry wate r from the central Roc k ie s  
throughout the Southwest . Many other shor ter or smaller 
r iver s  drain  the Southeast and also the reg ions mentioned 
a bove , but i t  serves no purpose to ment ion them all  here . 
The u . s .  Geolog ica l  Survey publi shes var ious stat i st ic s  
on the r iver s ,  inc lud ing the ir  leng ths and the amount of 
the i r  d i scharges . 

DI STRIBUTION OF MAJOR AQUATIC SPECIES 

The d i str ibut ion of f ish and othe r aquat ic animals i s  
we l l  documented . I n  th is  r epor t  we concentr ate on the 
d istr ibut ion and water requirements of those spec ies  of 
major econom ic , cultural , or sc ient i f ic impor tance . The 
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sa lmon i d s , with cons ide rable economic importance , dominat e 
the t i e r  of state s i n  the Nor theast , Great Lake s ,  and 
Nor thwe s t  reg ions . Trout wate r s  also extend southward in 
the mountain reg ions . Coolwate r f ish spec ies , such as 
wal leye , northern p i ke , and yellow perch , are impor tant 
in lat i t udes adjoin ing the salmon id areas in  the centr a l  
United S tates . Warmwater spec ies , such as largemouth and 
smal lmouth bass  and catf i sh , are economically impor tant 
in the m iddle and southern states . 

Many othe r spec ies of animals play impor tant roles a s  
f orag e  o r  for other ecolog ical reasons . The inver tebr ates 
are key par ts of f ish habitats because they form a major 
por t ion of the an imal food web .  Some o f  these g roups , 
like the mayf l ies or many of the zooplankton , requir e 
water w i th spec if ic qua l i t ies i f  they are to reproduce 
and thus serve as food for f i sh populat ions . Ver tebr ate s 
other than f i sh a lso have impor tant economic roles . 
Beave r , muskrat , and mink are examples of aquat ic mammal s  
that a r e  tr apped for the i r  fur . A l l igator s ,  tur tles , and 
frog s lead the l i s t  of economic ally impor tant aquat ic 
rept i les and amph ibians . Wh i le these other aquat ic 
ver tebrates may be as impor tant as f ish , f i sh and many o f  
the i nver tebr ate l ife forms are usually more sens i t ive to 
wate r qua l i ty .  They are par t icular ly sens it ive to the 
leve l of d issolved oxygen in the water and to tox ic 
substances , wh ich are taken up by f ish through the i r  g i l l  
memb r anes . Because of th is  sens i t iv i ty ,  f ish and aquatic 
inver tebrates are emphas i zed in thi s  chapter . 

Recent stud ies have p laced dollar values on some 
prev iously underva lued ac t iv i t ies , such as the 
r ec r e at ional pleasures of spor t f ish ing (Talhe lm et a l .  
197 9 ) . I n  many areas , spor t f i sh i ng has a much greate r 
economic impact than commerc ial f ish ing . As an examp le , 
Gr e a t  Lakes spor t f ishermen in Mich ig an annual ly spend i n  
exc e s s  o f  $ 157 m i l l ion for the ir ac tivity ,  wh i le the 
ex-vessel value of the commerc i a l  catch i s  est imated t o  
b e  $ 4  m i l l ion annual ly .  Other sport f i sher ies , such as 
salmon and trout i n  the Nor thwest and Nor theas t ,  wa lleye 
a nd perch in Lake Er ie , and bass across the southern 
states , are also " big bus iness . "  

Commercial f isher ies and aquacu lture are l ikewise 
impor tant economic uses that must be cons idered whe n 
d i scussing aquat ic habi tats . Salmon ids are cultured in 
th e  Nor thwest , and to a les ser ex tent i n  the upper Great 
L a kes area . Catf ish cu lture i s  a major enterpr ise in the 
southern United States . Aquacu lture w i l l  probably 
i nc rease as a method of food produc t ion . 
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HABITAT NEEDS O F  AQUATIC ANIMAL S 

I t  i s  impor tant to rev iew the habitat needs of aquatic 
an imals , espec ially the f ish ,  befor e d iscussing ag r i
c ultural trends and how they affect aquat ic habitats . 
Most need s are s imi lar i n  type but vary in extent or 
deg ree . Pr imary produc t ivity depends on the fer t i l i ty of 
the water and on the amount of sunl ight it rece ives . 
N utr ients are requ ired i n  balanced amounts to produce 
healthy populations of f ish .  Too many nutr ients can 
upset the convers ion of mater ial into des irable biomass 
and result i n  unwanted problems , such as excess masses of 
blue-green algae . Thus the amount and types of nutr ients 
that enter lakes or streams must  be controlled if f i sh 
populat ions are to thr ive . 

Most aquatic animals have temper ature preferences and 
toler ances . Trout need re lat ively cool water , 11°  to 
l9°C . I f  water temper atures exceed the upper range by 
too much or for too long , a trout populat ion wil l  
eventually b e  d isplaced by warmwater spec ies . The 
quantity of cool water i n  some areas depends upon 
maintenance of a h igh water table , wh ich results i n  a 
good f low of spr i ng water . Spr ing water has a temper atur e 
g ener ally near the mean annual temper ature of the are a .  
I n  nor thern lat itudes thi s  would be with in the prefer red 
water temperature r ange of trout . Spr i ng s  cool sur face 
wate r s  in  summer and warm them in winter , and therefor e 
are c r it ical i n  ma inta ining i ntermediate temper atures . 

D i ssolved oxygen is  needed i n  water to keep f ish 
populat ions healthy . At least 5 mg/liter seems to be 
necessary for an adequate envi ronment . Coldwater spec ie s 
s uch as trout may require even h igher concentrat ions a t  
some stages in the i r  l ive s (Federal Water Pollut ion 
Control Administration 196 8 ) . The produc tion of plant 
l i fe in lakes and streams is a func t ion of nutr ient 
levels and sunl ight , and plant biomass in turn i nf luences 
the amount of d i s solved oxygen i n  the water . Photo
synthesis  dur ing the day produces oxygen , wh i le 
respiration dur ing the n ight consumes oxygen . A larg e 
p lant biomass can thus result in concentrat ions of 
d i s solved oxygen that are h igh dur ing the day and low a t  
n ight . Th is i s  espec ially t r ue i n  s tand ing or s low-movi ng 
water , where there i s  l i ttle physical aer at ion l i ke that 
which occurs i n  fast- f lowing streams . 

Human act ivities often af fect aquat ic 
s everal ways at the same t ime , result ing 
d r amat ic alterations i n  habitat quality . 

systems i n  
i n  r ap id and 
For example , 
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the add i t ion of nutr ients t o  a stream can increase plant 
biomass . I f at the same t ime the s tream f low i s  reduced , 
ei ther d ir ectly by water wi thdrawals from the stream or 
i nd i r ec t ly by lowe r i ng the water table that supplies the 
stre am ,  the result can be catastroph ic for many f ish and 
aqu a t ic i nvertebrates . The h igh plant biomass will  cause 
wide f luc tuat ions in the amount of d issolved oxygen , and 
the low f low will  cause increased water temperatures i n  
summer . The satur ation levels  for dissolved oxyge n  a lso 
dec r ease with increas i ng temperature , so that f ish with a 
h ig h  r equirement for d i s solved oxygen will  be replaced by 
f is h  that can better tolerate extremes i n  the d issolved 
oxyge n  leve l .  

The habitat o f  aquat ic animals can be degraded i f  
water qual ity i s  red uced by erosion o r  the runof f o f  
tox i c  c hemicals . S i lts and sed iments can deg r ade habitats 
by f i l l ing deep areas of streams , thus e l iminat ing 
f avor able r ear ing areas , and also by e l iminating spawning 
areas by f i l l ing up spaces in streambed grave l .  H igh 
levels of suspended sed iments c an cause abras ive damage 
to d e l icate g i l l  structures and make a sect ion of a stream 
o r  r iver unf it for f ish . 

Tox ic compounds enter ing aquatic systems through r unof f  
can lower habitat quality and s ig n i f icantly alter the 
s t r uc ture of the aquat ic commun ity .  The effects of tox ic 
compounds on an aquat ic system vary widely , depend ing 
upon the vary ing tolerances of  spec ies or the ir  l ife 
h i s tory stages , the deg ree of bioaccumulation , the 
r e s idence t ime of the mater ial i n  the system ,  and its 
deg r adat ion t ime . 

Water quant i ty in i tself i s  a s  impor tant as water 
qua l i ty .  Mos t  lakes have bas ins that s lope gently from 
t he water ' s  edge , with the s lope increas i ng or • dropp ing 
off • fur ther offshore . Th i s  shal low i nshore area is the 
l i ttoral zone , and it i s  u sually the most produc t ive area 
of a lake because sunl ight penetr ates to the shallow 
bottom, a llowi ng attached mac rophy tes to g row . I t  also 
is the prefer red spawning area for most f i sh .  I f  the 
water leve l of a lake i s  reduced by withdrawals e i ther 
d i r ec tly f rom the lake or i nd i rec t ly f rom an adjoining 
a qu i f er , valuable por t ions of the l i ttor al zone are 
los t .  The initial  lowe r i ng of the water leve l is  th e 
mos t c r i t ical because of the relat ively large percentage 
of exposure and thus loss of the gently s lop ing bottom . 
Wave act ion w i l l  eventually c reate a new l i ttoral zone , 
but it  takes many years  and the result will  be a sma l le r  
l ake . The surface- to-volume r at io o f  the smaller lake 
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t hen i ncreases , contr ibut ing fur ther t o  the eutroph ication 
process . 

I t  i s  a pr inc iple of stream f ish ecology that at any 
po int along a stream or r ive r the g reater the base f low 
d ischarge , the g reater the abundance of f ish . Enhanc ing 
base f low improve s f isher ies � reduc ing base f low damages 
t hem . Constancy of stream f low i s  probably the f actor of 
pr imary impor tance in ma intaining str uctural habi tats , 
that i s ,  the stream morphometry and ava i labil ity of cover 
that encour age f ish productivity in f lowing wate r s .  
Constancy of f low depends larg e ly on the amount of base 
f low . Natural stream f low reg imes include moder ate h igh
water events dur ing the spr ing t ime ,  and these per iods of 
inc reased f low ar e impor tant i n  shaping stream channe l s 
a nd for prov id i ng habitats necessary at cer tain l ife 
h i s tory stages of var ious f ishes . When base f low the n 
d ec reases , the meander ing channel carved by the h igh-water 
f low is less f i lled with wate r and provides less useable 
l iv ing space for f ish . I nstream cover , such as logs ,  
boulde r s , undercut banks ,  streams ide tree roots , and 
s heer depth , is r endered progress ive ly less ava i lable , 
and spawni ng habi tats d iminish in  quant i ty and qua l i ty . 
S ilt accumu lates more r ap idly , f i ll i ng pools and 
smother ing benth ic food organisms , and water temperature s 
m ay become less f avorable (Wh i te 1 9 8 1 ) . 

Reduced f low also decreases the abi l i ty of the wate r 
t o  ma inta in its natural channe l char ac ter i s t ics . The 
f low of a stream tends to form s i nusoidal patterns o r  
meanders in  i ts channe l .  Th i s  i s  a result of the phys ical 
force of the water cutting i nto the stream bank on the 
outer or h igh-ve loc i ty s ides of curves and depos i t i ng 
entr ained mater ials on the inner or low-veloc i ty s ides of 
t he c urves . The outer curves or bends thus have deep 
holes , often with undercut banks . These curves or bend s 
a nd holes are intersper sed w i th shallower r if f le areas . 
The result is  a d iver s i ty of hab i tats , with deep ho le s 
f or l arger f ish to h ide i n  and r i f f le areas for i nsec t 
l i fe and f ish  spawning . The dr edg ing and straig htening 
o f  stream channe ls remove these pools , destroying the 
d iver se hab itats . As stated by Kar r and Dud ley ( 19 8 1 )  , 
t hese phys ical a lterat ions r educe the biolog ical i ntegr ity 
of the system . Thus , l i ke r educed wate r qua l i ty ,  the 
r educ t ion of water quantity is generally bad for lakes 
and streams . 

I n  the western Un i ted States , biolog ists have begun to 
study and def ine the instream f low needs of f ish and 
other stream-dwe l l ing organisms . Demands on streams in 
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t he West are heavy , and water allocat ions for i r r ig at ion , 
indust r i a l  and mining purposes ,  and munic ipa l needs have 
b e e n  spec i f ied . The instream f low needs for f i sher ie s ,  
however , have not been legally recogni zed a s  a benef ic ia l 
u se by many states . 

AGRICULTURAL TRENDS RELATED TO SURFACE WATERS 

Th i s  s ec t ion deals with emerg ing trends in ag r icultur a l 
p r ac t ices ( see Chapter 4 ) . However ,  some prac t ices that 
have bee n ongoing for year s and that continue to af fec t 
l a k e s  and streams also w i l l  be d i scussed . 

Water Management and Use 

I r r ig at ion i s  a common ag r icultur al pr act ice , and in  the 
17 wes ter n states i r r igat ion accounts for about 90 percen t 
o f the f resh water used ( see Chapter 4 ) . Nat ionally , 
ag r iculture accounts for about 8 3  percen t  of the fresh 
water consumed ( U . S .  Water Resources Counc il 197 8 ) . 
S upply ing water to crops at c r i t ical t imes has allowe d 
ag r ic ultur ists to f arm areas that would otherwise be too 
d r y , and to greatly increase the product ion of food . 
Ag r iculture w i ll cont inue to use the water allocated for 
i r r igat ion in the West , and i r r ig at ion is pred ic ted to 
i nc r ease in the eastern Uni ted S tates as wel l .  Some 
r e s e arche r s  fee l that i f  wor ld food problems continue , 
the volume of water used i n  the wester n Uni ted S tates 
a l s o  wi l l  i ncrease . As demands for water i ncrease , 
i r r ig at ion methods that conserve water will  become more 
p r e va lent , includ ing spr inkler and dr ip-tr ick le 
i r r ig at ion . Other types of large-scale ir r igat ion , such 
a s  c e nter p ivot systems , require large volume s of wate r 
a nd h igh water pressure . 

I ncreases i n  water use , whether the wi thdr awals are 
d i rec t ly from lakes or streams or ind i rectly from 
g round-water sources , usually w i l l  have negat ive ef fects 
on surface-wate r ecosystems . The impac t of dewater ing 
w i ll be g reatest on smaller streams and lakes . Small ,  
spr i ng-fed trout streams , trout-feeder streams , and 
marg inal trout streams are extreme ly vulner able to 
reduced f low . The so-ca lled trout- feede r streams ar e 
i mpor tant spawn ing and nursery streams that " feed " young 
f i sh and food organisms i nto larger streams and are 
n ecessary to mainta in v iable trout populat ions . Marg inal 
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trout streams usually have trout populat ions ma intained 
by s toc k i ng prog rams and provide pol it ically impor tant 
f isher ies , often near populat ion centers . It i s  probable 
that many of the larger streams in  the eastern United 
States have d i scharges in excess of instream f low needs . 
Research i s  needed to ident ify the streams that wou ld be 
affec ted and by how muc h .  Cooper at ion would then be 
needed to l imit irr igation wi thdrawals to streams that 
would be harmed the least . 

Whi le the g reatest impact of irr igat ion on surface
water ecosystems ar i ses from water withdr awals , retur n 
f low also i s  potent ially harmful . Whi le retur ning water 
he lps to restore instream f low , it is usually much warmer 
and often car r ies nutr ients , bioc ides , and somet imes 
s i l t .  F i l tration through the soi l  and t i le dr a i nag e 
would be helpful i n  r emovi ng chem ical compounds that 
adsor b to soils . I n  most cases , t i le drainage i n  the 
e astern Uni ted States is used to fac i l i tate the use of 
wet soils and not to fac i l itate the return f low of wate r 
u sed for i r r igat ion . I n  the West ,  however , t i le dra ins 
are used to return irr igat ion water to streams and to 
prevent the bui ld-up of minerals in the soi l .  

Wate r management in agr iculture i ncludes removing 
excess water f rom the land as well as add ing water to the 
land . I n  the spr ing and the fall , when heavy r a ins 
somet imes occur , the success of farming may depend on 
mov ing water off the land . T i le drainage and channe l 
mod i f icat ion of drains and streams are the two major 
means of doing so . Channe l mod i f icat ion is an ongoing 
p r ac t ice and is  now controlled by many s tate and federal 
regulat ions . The u.s. Soi l  Conservat ion Serv ice has 
i nformation on channel mod if ications in progress or 
planned (Table 9-2) . Of the almost 3 4 , 00 0  km listed i n  
Table 9-2 , over 17 , 00 0  km are construc ted or under 
contrac t ,  and plann ing for the r emaining k i lometer s  i s  
being c ar r ied out . But unless these mod i f icat ions are 
made with the intent ion of retaining f ish habitats , the 
r esult will be a negative impact on f isher ies .  The 
establ ishment of new channels and the real ignment of 
exist ing channels often result in straight channels 
offer ing l i ttle in the way of habi tats for f ish or othe r 
aquat ic animals . The removal of snag s  dur ing the 
c lean ing of channels often removes cover and productive 
areas used by f ish . Recommendations have been made for 
channe l mod i f icat ion prac t ices that minimize the 
destruct ion of aquat ic habitats ( Nunnally 197 8 ) . I t  
should be noted that of the almost 3 4 , 00 0  km listed i n  
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TABLE 9 -2 Nat ional Summary of  Channel Wor k 

rype o f  Wor k Channe l (km! 

Esta b l i s hment of new channe l 
includ i ng s tab i l i zat ion 

En largement or real ignment of 
ex i s t ing channe l or stream 

Clean ing out natur a l  or man-made 
c hanne l 

Clea r ing and r emova l of loose 
debr i s  

Stab i l i z a t ion 

TOTAL 

4 , 2 3 7  

2 3 , 6 09 

2 , 9 6 2  

2 , 7 67 

3 6 8  

3 3 , 9 4 3  

SOURCE : Data are f rom So i l  Conse rvat ion Serv ice , i nforma l 
commun icat ion , March 12 , 1 9 8 0 . 

Table 9-2 , fewe r  than 11 , 00 0  km are unmod i f ied , well
def i ned , natural channels . Mississipp i has over 2 , 80 0  km 
of natur al streams scheduled to be mod if ied , followed by 
Texa s  w i th a lmost 1 , 3 0 0  km and Geor g i a  with near ly 1 , 200  
km , these three states account i ng for near ly half of the 
total i n  this c ategory . The r emainder are man-made 
d i tches , previously mod if ied channels , or poor ly def ine d  
channels . Unless mod i f icat ion i s  done prope r ly ,  however ,  
over 10 , 0 0 0  more k i lometer s of stream channe l will be 
affec ted . Straightened channels will , after many years 
( 6 0  to 7 0  or more ) , reve r t  to the i r  natur a l  meander ing 
pattern if  left alone . But i f  mod i f ied channe ls are 
con t inuously maintained there will be no reversion , and 
t he cont inu ing process of channel mod if icat ion will 
remove many k i lometers of channe l f rom the natural stream 
c ategory . 

T illage and Soi l  Conservat ion 

So i l  eros ion has been and continues to be a major 
water-re lated problem ( see Chapter s  4 and 5 ) . There are 
no shor t- term incent ives for farme r s  to control soi l  
e ros ion , even though i t  may have a negat ive impact on 
long-term soi l  produc t i v i ty .  I ncreas ing energy costs  now 
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seem to be an ind i r ec t  incent ive to reduce eros ion , 
however , and have s timulated the use of conservat ion 
t i l lage , reduced ti llage , or no- t i l l  methods (Giere e t  
a l .  1980 ) . The u se o f  these methods has been increas ing 
and i s  pred icted to cont inue to increase . At the presen t  
t ime ,  about 20  percent o f  cropped acreag e  i s  cult ivated 
by reduced t i l lage and 2 . 6  percent by the no- t i l l  method . 
These percentages are expec ted to increase to at least 40  
percent and 10 percent , respective ly , by 2 0 10 . Conser va
t ion t i l lage exposes less soi l  and thus should decrease 
eros ion . Soils cult ivated by such prac t ices are not 
t r ave led over as often by heavy agr icultural equ ipment 
and are not plowed deeply as often . Although these two 
f actor s have oppos ite effects on soi l  compact ion , it i s 
ant ic ipated that the ir  use will  mean better water 
i nf i ltrat ion and less sur face r unof f .  Th is could lead to 
g r eater replen ishment of ground water and better stream 
s tability .  A h igher water table would inc rease the 
amount of cool wate r suppl ied from spr i ng s  to streams � 
Because the soi l  would be covered by more plant res idue s , 
runof f water would carry less soi l .  All of these resu l t s  
would b e  bene f ic ial . 

I n  197 5 the average loss of soi l  from c ropland was 1 9  
metr ic tons per hectare , but in some areas the average 
was  as h igh as 57 metr ic tons per hectare , and there are 
repor ts of isolated s i tuat ions where losses reached 2 2 5  
metr ic tons per hec tare . The mouth o f  the Mississ ippi 
River i s  repor ted to transmit an annual load of about 27 0 
m i l l ion metr ic tons of sed iment . C learly , surface-water 
habitats would bene f i t  g reatly from the implementation of 
conservat ion t i l lage prac t ices . 

Wh ile conservat ion t i llage will  reduce eros ion , 
cont inued fall plowi ng and double cropping will increase 
it ( see Chapter 5 ) . The pract ice of fall plowing may 
decrease because of soi l  conservat ion efforts , but double 
cropping will probably increase in an effor t to increase 
p roduct ion . Other ways of increasing produc t ion will 
also be attempted . Ag r icultur i sts wi l l  continue to br i ng 
marg inal lands into crop produc t ion , expand ing f ie ld s i ze 
by reduc ing grass- f i l led water drainage areas and plowi ng 
c loser to s tream banks or lake shores . But gr assed 
waterways and green belts f i lte r and trap s i l t ,  thereby 
r educ ing the amount of s i lt ente r i ng sur face waters . 
These marg i nal lands often have steeper s lopes that 
ordinar i ly would not be t i l led , and they are more eas i ly 
eroded when the soi l i s  exposed . 
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Effor t s  t o  increase crop produc t ion also w i l l  includ e  
the conver s ion of wood land and pastureland to t i lled 
land . Conve r s ion of forest land to row crops may increas e 
erosion by a f ac tor of 100 to 1000 , wh ile convers ion of 
grassland to row crops may inc rease eros ion by a factor 
of 20 to 100 (U . s .  Water Resources Counc i l  1978 ) . 

Thus there are reasons for pred ict ing both increase s 
and decreases in soi l  eros ion . Rising energy costs will 
favor r educed t i l lage and less soi l eros ion , but pressure s 
to increase crop produc t ion will result in  more soi l  
eros ion . The latter w i l l  probably predominate unless 
soil conservat ion effor ts i nc rease . Greater attent ion to 
soi l conservat ion for the sake of long-term ag r icultur a l  
productivity as wel l  a s  for f ishery resources i s  a wor thy 
and essential goal . 

u se of the Ripar i an zone 

Ripar ian zone s are areas assoc iated with sur face wate r 
that reveal , through the ir vegetat ion , the effects of 
that water . A r ipar ian zone , in  shor t ,  is the interfac e 
between an aquat ic environment and a d r ier terrestr ial 
zone that f i lter s or traps pollutants moving f rom the 
land to the water . Ripar ian areas are usually attrac t ive 
sites for crops or grazing .  I n  the western United State s 
espec ially ,  r ipar ian zones usually stand out as the most 
produc t ive t imber and forage s i tes ava ilable . Cattle 
seek f or age on such areas more frequently than they do in 
adj acent dr ier areas . Ag r icultur ists have not made many 
pred ict ions about the i r  u se of r ipar ian zones , but present 
use often affects adj acent sur f ace waters  in ways that a r e  
bad for f ish habitats . As d i scussed previously , these 
inc lude reduc t ion of the width of the r ipar ian zone to 
increase t illed acreag e ,  and l ivestoc k  g raz ing of 
ripar ian zones . 

Some streamside zones are not r ipar i an .  Examples of 
nonr ipar ian s i tes are areas where sagebrush reache s the 
water ' s  edge or where the str eams ide zone i s  composed of 
bedrock , steep-s ided canyons , or boulde r s  and rubble . 
Nonr ipar i an zones also can be affec ted by l ivestock 
grazing , but to a lesser degree than r ipar ian zones . A s  
pressures increase t o  use land for agr iculture , i t  seems 
rea sonable to bel ieve that there will be a temptat ion to 
i ncrease the use of the r ipar ian zones , and that such use 
wiLl cause problems for adj acent sur f ace-water f ish 
habitats . 
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U s e  of Chemicals 

Modern agr iculture depends on f er t i l i zers and pestic i d e s  
t o  ma i ntai n  h igh levels of produc t ion ( see Chapter 5 )  • 

These h igh leve ls of produc t ion have been costly in terms 
of energy use , however .  The pred ic t ion i s  that .  the u se 
o f  chemicals will  be more j ud ic ious and eff ic ient , but 
also more widespread . The overall use of chemicals i s  
expec ted to i nc rease at a r ate of 2 . 5  percent annually 
between 197 7  and 199 0 , compared to an i ncrease of 4 . 5 
percent between 1970  and 1977  and an annual increase o f  8 
percent i n  the 1960 s .  The r educ t ion i n  the r ate of 
i nc rease of chemical f er t i l i zers i s  due to better t im i ng 
and placement , better forms of fer t i l i zer s ,  and reduct ion s 
i n  f er t i l i zer losses . I ntegr ated pest management ( IPM )  
ha s greatly improved pes t  control by ut i l i z ing biolog ica l 
controls and other i nnovat ive methods that r educe 
dependence on pes t ic ides . Wh i le these methods have 
r educed the r ate of chemical u se , other ag r icultural 
ac t i v i t ie s  will cont inue to s timu late i ncreased chem ic a l 
u se .  Double cropping , intercropp ing , and the use of 
marg i nal  lands wi l l  all require  more fer t i l i zer s ,  and 
c onservat ion t il lage will  result in large increases i n  
the use o f  herbic ide s and pes t ic ides t o  control weeds and 
pests previously controlled to some degree by t i llage . 
For tunate ly , more restr ictive regulations have led to th e 
d evelopment of bioc ides that are shor ter-lived . I f  t h es e  
bioc ide s deg r ade rap id ly into nontox ic products , chem i c a l
i nduced problems will  be minimi zed . 

Aquacultur e 

A f inal agr icultural trend that c an affect sur f ace-water 
habitats i s  an increase i n  aquaculture . I n  freshwate r 
a reas a s ignif icant i ncrease i n  product ion i s  pred ic ted 
for such f ish as channe l catf ish , buffalo f ish , and 
t i lapi a .  Th i s  increase will occur in the southern t ier 
of states , with a concentration i n  the mid-South . 
A lthough the r ate of increase may be large , the base i s  
small , and total annual produc t ion will reach only 1 
m i l l ion metr ic tons by 2 0 0 0 . Aquaculture takes place i n  
r aceways , in  open water ponds , o r  i n  cages suspended i n  
l akes or other surface water s .  The problems assoc iated 
w i th aquaculture ar ise from the nutr ients released into 
the water from unused food and from the metabol ic wastes 
of the f i sh .  I f  the nutr ients ar e in organic form they 
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w i l l  suppor t bac ter i a l  populations , caus i ng a r eduction 
i n  d i ssolved oxygen i n  the water . 

IMPACT OF TRENDS 

The foregoi ng d i scuss ion focused on cont inu ing and 
pred ic ted agr iculture pract ices that may affec t  sur f ace
water habitats ( see Chapter 4 ) . The following d i scuss ion 
focuses on the impact s  as we know them or ant ic ipate them , 
based on past exper ience . These are the impacts that 
affect wate r quant i ty ,  water qua l i ty ,  and the physical 
aspects (morphometry) of lakes a nd streams . 

Impacts on Water Quanti ty 

The agr icultura l  trends that will  inf luence water quant i ty 
ar e conservation t i l lage and i r r igation ( see Chapte r s  4 
and 5 ) . Reduced t i l lage and no- t i l l  methods are assumed 
to i ncrease wate r inf i ltration i nto the soi l  and r educ e 
r unoff ,  a lthough i t  has been a rgued that these t i llage 
methods may increase soi l  compact ion , thus decreasing 
water inf i ltr a t ion . Anything that lowers the water table 
and thu s the base f low of streams r educes stream habitats . 

I r r igat ion i s  predic ted to use less water because of 
mor e ef f ic ient methods that may save a s  much as 30 
percent of the water consumed under some cond i t ions . 
These wate r saving s  w i l l  occur pr imar i ly in  the West .  
The water s aved , however , w i l l  then be used to expand 
irr iga t ion . Reduct ions in  g round-water r echarge due t o  
c rop i r r ig at ion , and wetland drainage caused by a 
diminut ion of base f low d i scharge , mus t  be minimi zed , 
s ince less water in  streams and r iver s  w i ll mean f ewer 
f i sh .  Thi s  point deserve s  to be emphas i zed .  W i scons i n  
i s  one of  the few states that h a s  pol ic ies that 
effec t ively regulate the withdrawal of water f rom str eam s  
( E l l i s  e t  a l .  1970 ) . Leg i s lat ion i s  needed elsewhere to 
regulate wi thdrawals f rom streams as wel l  as from g round 
water . The problem i s  i ntens i f ied dur ing drought per iods 
when all water needs become cr i t ical at the same t ime . 

Porous soils tend to r esult i n  the g round-water 
cond it ions that produc e  the "co ldwater "  streams tha t 
s uppor t trou t .  These soi ls also tend to be sui table for 
i r r igat ion farming . I n  sandy central  and nor theaster n 
W iscons i n ,  for example , i r r ig at ion f arming has developed 
greatly i n  the pas t  20 year s .  Pumping ground water fo r 
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i r r ig at ion has severely reduced base f low , to the extent 
t hat some streams have lost  the ir  value for trout f ishing 
(Wh ite 197 5 ,  Hunt 1979 ) . I r r igat ion farming i s  also 
i ncreas i ng on sandy soi ls i n  some of the maj or trout 
stream areas of Mich igan as  well as in warmwater stream 
a reas of southwest Mich igan and nor thern I nd i ana . These 
increases i n  water wi thdrawal for supplemental ir r igat ion 
p resent a ser ious threat to f ish habitats in the eastern 
United States . Wher e increased i r r igat ion needs are 
proj ected ,  f isher ies b iolog ists should wor k c losely with 
agr icultur ists to minimize the damage to streams . 

I mpacts on Water Quality 

Many agr icultural prac t ices inf luence water quality . 
N utr ients are contr i buted by r unoff or dra inage from 
fer t i l i zed areas , by the return f low of water used for 
i r r igation ,  by water r unof f f rom feedlots , and by 
erosion . S i lt also r educes water quality . Eutroph ica
t ion is a natur al ag ing process whereby a lake gradually 
becomes shallower and smalle r  as i t i s  f i lled with organic 
mater ials result ing from plant g rowth caused by nutr ient 
accumu lat ion . Any act iv i ty that increases the amount of 
nutr ients hastens the eutroph ication process . The 
accelerated ver s ion usually is manifested by excessive 
g ro�ths of macrophytes ( rooted aquatic weeds )  and blue
g reen alg ae . Despite cons ider able study , more r esearch 
is needed to learn how to d ir ec t  nutr ients into des i rable 
vegetat ive spec ies that will  result in g reater product ion 
of useful f ish . 

The news med i a  spoke of the • death• of Lake Br ie dur ing 
the past decade . Lake Brie d id not d ie ,  but the lake d i d  
s uffer severe overenr ichment . I n  the process , g reat 
volumes of ita lower waters became devoid of oxygen , 
los ing the mayfly populat ions that were so impor tant as 
f ish food . A remar kable ef for t to control nutr ients f rom 
point sources , such as wastewater treatment f ac il i t ie s , 
helped to s low the eutroph icat ion process in Lake Br ie , 
a l lowing r estorat ion of the economically valuable walleye 
and yellow perch f i sher ies . Waste treatment ef for ts have 
a l so been w idespread and effec tive in bod ies of sur f ace 
water othe r than Lake Er ie . These efforts must be 
cont inued . 

The Nat ional Eutroph icat ion Survey ( U . S .  Environmental 
Protect ion Agency 197 5 )  est imated that 8 percent of the 
lakes and reservoirs i n  the Nor theast and Nor th Centra l  
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U n i ted S ta tes a r e  in a n  advanced state o f  eutrophicat ion . 
A much larger percentage are i n  a moderate state of 
ove renr ichment and suffer f rom weed-choked cond it ions 
tha t  interfere with any form of water recreation , 
i nc lud ing f ishing .  S tud ies of nonpoint sources ( storm 
runof f from mun ic ipal streets and resident ial  lawns ) i n 
1 4 3  d ra inage areas revea led that urban r unoff to sur f ace 
water s contr ibuted 28 km of phosphorus and 680 km of 
n i t rogen per square k i lometer of drainage area . Agr i
culture was responsible for an even g reater inf lux o f  
phosphorus , the main e lement contr ibuting t o  over
enr ichment i n  the major i ty of our sur face water s .  

The amount of r unof f f rom agr icultural land into lakes 
and streams can be reduced , and more eff icient forms of 
f e r t i l i zer will help reduce the concentrat ion of 
nut r ients . Cons istent use of grass cover in wate r 
r unways , and g reen belts along streams and lake shores , 
will also help . Ma intenance of marsh areas in watershed s 
w i l l  help to t r ap nutr ients from waters draining through 
on the way to lakes or streams . Any pr ac t ice that 
r ed uces the t ime that soi ls are exposed without plant 
cover to a i r  or water erosion will help . Fall plowing i s  
an example of a prac t ice wher e  soi l  i s  exposed for a 
leng thy pe r iod of t ime . Soi l  par t icles eroded by wate r 
o r  w i nd contr ibute to the sed iment in lakes and streams . 
I n  add i t ion to the problems of the sed iment i tself , the 
soil par t ic les also car ry adsor bed bioc ides and nutr ients , 
e spec ia lly phosphorus . 

E s t imates of phosphorus load ing i n  Lake M ichigan 
(Anonymous 197 8 )  inc lude 3 0  percent f rom d if fuse source s 
a nd 2 6  percent from the a tmosphere . I t  was est imated in 
the same r epor t that 7 1  percent of the d i f fuse source 
p hosphor us comes f rom ag r iculture . Delumyea and Petel 
( 197 7 )  r epor ted that a major i ty ( 7 3  to 9 0  percent ) of th e 
a tmospher ic phosphorus input to southern Lake Huron was 
due to agr icultura l  activity . I f  the atmospher ic load i n  
L ake M ich igan has a s imilar or ig in ,  agr iculture ' s  
cont r i but ion to the total phosphorus load i n  the lake c a n  
be  e s t imated at 7 1  percent of the 3 0  percent f rom d if f use 
sources plus 7 3  percent of the 26 percent from the 
a tmosphere , or about 40 percent of the total phosphorus 
load in the lake . The pr ac t ice of fall plowing 
c ontr ibutes phosphor us to the d i ffuse load dur ing r unof f  
and contr ibutes phosphorus t o  the atmospher ic load dur ing 
d ry ,  windy per iods . I t  should be noted that ag r iculture ' s  
portion of the atmospher ic phosphorus load in Lake 
M ich igan in all probabi l i ty inc ludes a i rborne soi l  
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par t ic le s  from as far away as Iowa , Nebraska , and th e 
D a kotas . 

O bviously , r educed t i llage or no- t i ll methods will  
r educe soi l  exposure and thus the transfer of soi l  
p ar t icles with the ir adsorbed nutr ients and bioc ides . 
Such a change would bene f i t  aquatic systems and f i sher y 
r esources . However , the inc rease i n  her bic ides and 
pes t ic ides proj ec ted with conservat ion t i llag e  may pos e  
o ther problems i f  not caref u l ly managed . G iere et a l .  
( 1980 ) pred ic t less movement o f  phosphorus under no- t i l l  
methods , but greater loss of n i trogen to the atmospher e . 
Re search into conservation t i l lag e i s  needed to determine 
i ts long- term effects on so i l compact ion and chemical 
movements . 

I ncreased costs will  force mor e e f f ic ient use of 
pes t ic ides and her bic ides , but , as with nutr ients , a n  
overall i ncrease a s  a r esult o f  conservat ion t i llage a nd 
conve r s ion of marg ina l  lands i s  expected . Any prac t ic e 
that a l lows i ncreased r unof f  and erosional loss of so i l  
will  be accompanied by the movement o f  bioc ide s into the 
a quat ic envi ronment .  Past expe r i ence with DDT , dieldr i n ,  
PBB , and PCBs i s  suff ic ient t o  i l lustr ate how eas i ly 
these chemicals move w i thin our environment . The aquat ic 
envi ronment is ideal for the bioaccumulat ion of chemicals .  
Not only do aquat ic animals i ngest these chemicals w i th 
the i r  food , but the g i ll-breathing an imals also absor b 
many chemicals d i r ectly from the water , thus caus ing more 
r ap id accumulation . Once a bioc ide is concentr ated i n  
f i sh , the stage i s  set for movement into any f ish-eat ing 
an imal , such as eag les , ospreys , and human be ing s .  The 
d ec l i ne i n  f ish-eat ing bi rds of  prey was tr aced to 
eggshe l l  thinning caused by long-l ived pes t ic ide s 
( Ratc l i f f e  1967 , H ic key and Anderson 1968 ) , and 
r eproduc t ive f a i lur e i n  some salmon ids has been relate d 
to pes t ic ides ( Burdick et  a l .  196 4 , Johnson and Pecor 
196 9 ) . I n  the Great Lakes , a ban was placed on the sal e  
o f commerc ial spec ies o f  f ish , and people f ishing for 
spor t spec ies wer e  g iven warning s  about the potenti a l  
h azards . These bans and war n ing s are s t i ll i n  effec t , 
but the dec l i ne i n  mos t pes t ic ide s after the i r  use wa s 
d i scont inued has been more r ap id than pred ic ted , and i n  
mo s t  f ish the concentr a t ions a r e  now with i n  safe l imi t s  
f or human consumption . Wh i le the dec l i ne was more r ap id 
than expected , i t  s t i l l  took about 5 years  for the 
concentrat ions to reach safe levels as def ined by the 
federal Food and Drug Administration (FDA) • Even thoug h 
most Great Lakes f ish are below ac t ion levels ( the leve l 
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at which r estr ic t ions on human use are imposed) , some 
catches are s t i l l  made i n  which the f ish are above the 
act ion level s  for dieldr in , PCBs , and mercury . 

The economic value of the f isher ies  i s  in the mi l lions 
of dollar s annually , so economic losses in f isher ies 
par t i al ly offset the g a ins in  other areas of food 
produc t ion result ing from pes t ic ide use . Fur thermore , 
the economic loss resulting f rom permanent loss of a major 
commerc i a l  or spor t spec ies would be compounded for many 
year s .  But even more impor tant would be the overall 
degradat ion of the aquat ic environment and the loss of  
i ts biolog ical integ r i ty for  all  aquat ic animals . 
Finally , and mos t  impor tant , i s  the ult imate hazard t o  
human bei ngs . Even though ag r icultur i s ts pred ict an 
increase in the total use of pes t ic ides and her b ic ides , 
there i s  c ause for some opt imi sm .  I nteg r ated pest 
management i s  be ing more widely pr ac t iced , and r egulat ion s 
have restr icted the development of new b ioc ides to mor e 
shor t-l ived forms . Ma intenance of these regulat ions i s  
necessary for the f uture protec t ion of the aquat ic 
habitat .  

Impac ts on Lake and Stream Morphometry 

Damage caused by s i ltat ion i n  aquat ic habitats is wel l  
known ( Ri tchie 1972 ) . Conservat ion t illage should help 
reduce soi l eros ion , but th i s  benef i t  will  be reduced by 
increased use of marg inal lands that are of ten h i lly or 
otherwise h ighly erodable . Consol idation of f arm 
owner ship and loss of f encerows , the d i scard ing of crop 
rotat ional pr act ices , and an increase i n  fall plowing 
will c ause the s i ltat ion problem to become wor se . The 
loss of fencerows and wind breaks f rom consol idat ion of 
farms has a lready led to an i nc rease in wind erosion 
that , according to some repor ts , is reminiscent of th e 
dustbowl cond i t ions of  the 1930 s .  Much of th is wind
eroded soi l  f inds its  way i nto lakes and streams . Stream 
siltat ion f ills i n  pools , depr iving pool-dwe l l i ng f ish of 
space and concealment . S i l t  cove r s  streambed r if f les  and 
is  depos ited in other g r ave l areas , smother ing spawning 
grounds of cer tain f ish and decreasing benthic inver te
brate populat ions that provide the major share o f  food 
for stream f ish (K ing and Ball 196 4 ) . I n  lakes , s i l t  
contr ibutes t o  the format ion o f  deltas and otherw ise t o  
the f i l l ing- i n  process . S i ltat ion i s  also the majo r  
factor contr i but ing to the l o s s  of useful aquat ic l i f e  i n  
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r �servoi r s ,  where the bas ins are f i l led by the reduc t ion 
of veloc i ty of the stream and the subsequent depos i t ion 
of s i lt . 

S treams ide vegetat ion i s  d i rec t ly affec ted by g r a z i ng  
because r ipar ian zones are usually grazed more heav i ly 
t han upland areas . When cattle are reintroduced into a 
rested area , r ipar ian vegetat ion can be expected to 
d ec l ine 3 5  percent in a shor t per iod . Stud ies have shown 
that the willow canopy i n  a r ipar ian area exc luded from 
g r a z i ng prov ided up to 7 5  percent more shade on the 
stream than areas subj ected to year-round g r a z ing .  
S treams ide vegetation was 7 7  percent more abundant in an 
ungrazed sec t ion than i n  a g r a zed sec tion . In add ition 
to destroying r ipar ian vegetat ion , l ivestock g raz ing 
contr ibutes to the actual e l iminat ion of r ipar ian area s 
by channe l widen ing and agg r adat ion . S treams thus 
mod i f ied are wider and shallower , the channels  conta i n  
more f ine sed iment , the stream banks are more unstable 
and erodable , there a r e  fewe r  undercut banks , and summe r 
water temperatures are h igher . 

L ivestoc k  g r az ing and the r educt ion of stream f low ar e 
t he g reatest threats to the integ r ity of trout stream 
habitats i n  the wes te r n  Uni ted S tates . They also 
contr ibute ser iously to deg r adat ion of aquat ic habitats 
in  the easter n United Sta tes . 

A study in Nebr aska (Van Velson 197 8 )  in  an area fenced 
to exc lude l ivestock r evealed that the stream improved 
w i th i n  3 year s f rom a nonproducer to a good producer of 
trout . The stream width decreased , the stream bank s 
s tab i l i zed , and summer water tempe r atures wer e  lowered . 
An Oregon study (Clair  and Storch 197 7 ) found that with i n  
a n enclosed area along the Deschutes R iver over a 10-year 
per iod of nongraz ing the f i sh populat ion sh ifted from 
p redominate ly dace to r a i nbow trout . I n  Montana ,  brown 
trout biomass per uni t  area in a stream within a nong r azed 
s ec t ion was 340 percent h igher than in an adj acent sect ion 
that was heav i ly grazed (Gunder son 1968 ) .  I n  Oregon , 
t rout b iomass was r epor ted 2 4 0  percent h igher i n  ung r azed 
than in gr azed sec t ions , and in Utah the increase was 36 0 
percent . 

C hannel mod i f icat ion of streams may inc lude dredg ing 
and stra ightening o f  channels  and snagg ing the c learanc e  
of log s o r  o ther natur al debr i s  f rom channe ls . The 
unfavorable effects on stream habitats of "channe l i z a t ion" 
a nd snagg ing have been we ll documented (Funk 1973 , Wh i te 
19 7 3 , Mar zolf 197 8 ) . Str aight dredg ing el iminates the 
pool- r i f f le or pool-bar conformat ion found in meander i ng 
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channels , creat ing a h ighly unnatural and unproduc t iv e  
s ituat ion ( Leopold and Langbe in 1966 ) . Removal of logs 
and othe r  snag debr i s ,  if  done wi thout regard for f is h  
hab i t at protec t ion , e l iminates the very features upon 
wh ich mos t  important stream f ish depend for shelter . Th e 
uni form watercourses  created by channe l i zat ion and 
snagg i ng proj ects usually result in drast ic dec l ines i n  
f ish a bundance , with l i tt le r ecovery for many decades and 
per h ap s  even centur ies ( I r i zarry 19 6 9 ) . The f ish that 
r epopulate shallow stra ightened c hannels tend to be f ar 
smaller , and the resultant biomass of the total populatio n 
i s  typically only 10 to 20 percent of prealterat ion 
cond i t ions . 

S ome s tates have statutes r eg ulat ing s tream channe l 
alter at ion to some extent , and federal agenc ies involved 
in  channel mod i f icat ion have adopted pol ic ies that allow 
for some deg ree of prevent ion and mitigation of damage to 
f ish hab i tats . The degree to wh ich protec tion of f ish 
habi tats is incorporated into proj ect s  var ies 
cons ider ably , however . 

CONCLUSION 

Two common-sense concepts should be cons idered in the 
context of this repor t . One concept is that an 
accumulat ion of relative ly smal l  impacts can severely 
weaken the ecolog ical i nteg r i ty of natural systems ( Kar r 
and D ud ley 1981) . We must be aware of these interac t ing 
and cumu lat ive ef fects . 

The other concept i s  that large natur al systems are 
ver y  d i f f icult to restor e afte r  they have been degr aded . 
Th i s  concept a lso extends to larg e ,  long-l ived organ i sms . 
Many of the h ighly valued f ish in the Great Lakes are 
large , long-l ived spec ies , such a s  the lake trout . Such 
spec ies may take several yea r s  or longer to reach sexua l  
matur i ty and thus r eproduce over a long per iod o f  t ime .  
Once such populat ions are e ndange red , they need many 
years to r ecover . Thus , in response to stress we c an 
expect s h i f ts f rom f i sh communities domi nated by large , 
long-l ived pisc ivores  to communit ies of smal ler , shor t
lived plankt ivores ( Reg ier and Lof tus 19 7 2 ) . Such 
c oncepts c an be useful in g uiding long-r ange plann ing . 
The latte r concept relates par t icularly to the Grea t 
L a k e s .  These large bod ies of f r esh water are a unique 
re source , and the i r  wate r qual ity must be ma i ntained . 
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Aquaculture h a s  a g r e a t  potent ial  for prote i n  
p r oduct ion and should be developed . Th is development ,  
however , mus t be accomplished with due regard for it s 
i mpacts on the qua l i ty of assoc iated sur f ace waters . 

There are a number of unify ing interests that br ing 
agr icultur ists and f isher ies and w i ld l i fe ecolog i sts 
together . Broad land use management is one such interest . 
U r ban spr awl and other such uses cont inue to encroach 
upon pr ime agr icultur al land . The loss of such land 
f orces agr icultur ists to use marg i nal lands where it 
takes more acreage , more fer t i l i zer , more t ime and 
e ffor t ,  and h igher expend itures to achieve the same 
levels of crop produc t ion . A concer ted ef for t to reta i n 
h igh-qual i ty f armland for agr iculture would have many 
benef its . L i kewi se , i n  the long term , both agr icultur i s t s 
a nd f isher ies  and w i ldlife  interests are dependent on our 
soi l  and water resources . We need to protec t the qua l i ty 
o f  these r e sources and u se them in  a manner allowing for 
the i r  perpetu ity .  

Conservat ion t illage methods appear to have strong 
bene f i t s  that outwe igh the i r  d i sadvantages and therefor e 
s hould be promoted . But research is s t i l l  needed to 
answer quest ions about conserva t ion t i l lage . Will  the s e 
methods increase soi l  compac t ion over the long term? 
W i l l  these methods actually i ncrease water inf i ltratio n 
a nd r educe r unoff ?  W i l l  there be less r unoff of 
phosphorus and more loss of ni trogen to the atmosphere ?  

S o i l  conservat ion should b e  brought into vog ue aga i n .  
Ma intenance of g r assed waterways and green belts along 
s tr e ams and around lakes would help ,  as would r educt ion 
of fall  plowing . Marg ina l  lands with h ighly erodable 
g rad ients should not be cult ivated , a�d r ipar i an zones 
mus t  be protec ted from overg r a z i ng .  Windbreaks and 
f encerows should be encour aged . Soi l conservat ion 
methods ar e wel l  known and have been used for many 
year s .  Economists should investigate the cost-bene f i t  
ratio o f  soi l conservation over the long term for soc iety 
a s  a whole and not j ust for  agr iculture (Whi te et  a l .  
19 8 0 ) . 

The v i r tues of spr inkler and d r ip- tr ickle i r r igat ion 
should be emphas i zed .  S ig n i f icant benef its can be ga i ne d  
by encourag ing i r r igat ion methods that conserve water . 
Water shor tages i n  the weste r n  United States will  probabl y 
f orce this trend i n  that area , but these water-conserv i ng 
methods should also be promoted i n  the easte r n  United 
S tates� Much r esearch has been under taken i n  the West to 
def ine instream f low needs for salmon ids � s imilar 
r esearch i s  needed for f ish i n  the eastern United States .  
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Ef for t s  to improve the eff ic iency of fer t i l i zer  use  
s hould be  e ncouraged . We should promote efforts to 
opt imi ze the t iming of fert i l i zer applicat ions to max imi z e  
p lant uptake and thereby minimi ze loss due to r unof f  or 
wind eros ion . The development and use of fer t i l i zer s 
t ha t  are more e f f ic ient also appear to be poss ible and 
shou ld be encouraged . 

Regu lat ion of pest ic ide and herbic ide deve lopment and 
use must be maintai ned so that the trend cont inues toward 
s hor t-l ived forms with harmless deg r adat ion products . 
Integ r ated pes t  management make s good sense and should be 
promoted . 

C hannel mod i f icat ion of natural streams should be 
exami ned very c losely to ensure that the bene f i t s  c lear l y  
outwe igh all  costs . Determining wh ich mod if icat ions will  
cause least damage to f ish habitats mus t  be par t of the 
analysis . I f  the cost of the mod i f icat ion relat ive to 
f i s h  i s  too h igh , the mod if icat ion should not be made . 
Recent prog ress i n  channel mod if icat ion r egulat ions and 
po l ic ie s  has been pos i t ive and should be streng thened . 

RESEARCH NEEDS 

• Stud ies are needed with conservat ion t i llag e  to 
determine changes of soi l  compac t ion , water inf i ltrat ion , 
and r unof f of water and entr ained or d issolved chemicals . 
Previous stud ies show better inf i ltrat ion , less r unof f , 
reduced loss of phosphor us , and increased loss of nitroge n 
to the a tmosphere . Long- term stud ies are needed to 
conf i r m  the very opt imis t ic and benef ic ial results show n 
by previous stud ies . 

• I ncreased i r r igat ion i s  pred ic ted for the eastern 
Uni ted S tates . Th is means increased pressures on streams 
espec i a l ly .  The instream f low needs for easte r n  stream s  
must b e  determined s o  g uidance c an be g iven to ag r i
cultu r i sts as to where wate r can be taken with the leas t 
habitat damage . 

Research must be cont inued on new her bic ides and 
pes t ic ides to determine tox ic i ty to nontarget spec ies . 
Tes t s  should use sublethal cr i ter ia  such as metabolism , 
g r owth , behavior , and reproduct ion i n  these evaluat ions . 

• Research mus t  cont inue on understand i ng the 
dynamics and interact ions of nutr ients in aquat ic systems 
so we w i l l  eventually be able to manage the f 1ow of 
nutr ients into des i red produc t ion . 
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10 
Impacts of Agricultural Trends 
on Interior Wetland Habitats 

WETLAND DIVERSITY AND DISTRIBUTION 

Wetlands are shallow bas ins that hold water and conta i n  a 
nutr ient-r ich substrate that allows g rowth of water-loving 
and water-tolerant plants . Depend ing on the k ind of 
soi l ,  water qua l i ty and ava i lab i l i ty ,  and temper ature 
patterns , the dominant plants i n  wetland areas may be 
mosses , g r asses , sedges , bu lrushes , cattails , s�rubs , o r  
trees ( or any combinat ion o f  these ) that have become 
adapted to the water reg ime . The nature of th i s  habita t 
affects the animal spec ies that settle i n  the wetland 
commun i ty .  Althoug h  the so i l s  i n  such bas ins have 
evolved underwater w i th r educed aerat ion , soi l  classif ica
tion systems r ecogn i ze suc h  soils . A wet land therefor e 
may be ident i f ied even when hydr ic plants are absent . 

Wetlands have been c lass i f ied th rough a var iety of 
systems , the most common of wh ich i nvolve desc r ipt ive 
terms of vegetat ion type , mean water depth , and wate r 
permanence . The most commonly used system ( and the 
cur r ent legal desc r iption) is f rom Mar t i n  et al . ( 19 5 3 ) 
as e laborated i n  Shaw and Fred ine ( 19 5 6 ) . Among the 
maj or types are seasonally f looded bas ins or f lats (Typ e 
1 ) , i nland f resh meadows ( Type 2 ) , inland shallow f resh 
mar shes (Type 3 ) , i nland deep fresh mar shes (Type 4 ) , and 
inl and open f resh water ( Type 5 ) . Nat ionally , there are 
20 type s in all , inc lud i ng shr ub swamp , wooded swamp , 
bog s ,  salt mar shes , and mang rove swamps . S tewart  and 
Kantr ud ( 19 7 1 )  s ignif icantly improved the c lass i f ication 
of wetlands i n  the g lac iated pra i r ie reg ion by emphas i z ing 
water and vegetat ion patterns and processes . Wate r 
permanenc e  i s  an i nherent f ac tor i n  the c las s i f icat ion of 
wetland s and inc ludes ephemeral  (Class I ) , temporary 
(Class I I ) , seasonal (Class I I I ) , semipermanent (C lass 

2 2 1  
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IV) , and _permanent (Class V) . I n  add it ion , vegetat io n  
c an b e  ident if ied by such thing s  as dr awdown or 
germinat ion phase , emergent phase , and open water phase , 
s ince vegetat ion i n  many wet lands proceeds through var ious 
phases , dependent on water depths and water constancy . 
Var ious p lant communit ies may occur i n  d if ferent phases , 
water depths , and long-term success ional stages i n  a 
s ing le wetland . 

A f ederal i nter agency task force recently completed a 
new class i f icat ion system for wet lands and deep-water 
w i ldl ife habitats (Coward in e t  a l .  197 9 ) . Th i s  system is 
de s ig ned to serve broader resource interests than the 
systems currently in use and will form the c lass i f icat ion 
bas is for the current nat ional survey of wetlands . Th i s  
system m ight desc r ibe a m idwestern deep f resh mar sh a s  
fol lows : system = palustr i ne �  class • emergent wet land 7 
s ubc lass = per s i s tent � dominance type • cattai l-bulr ush . 
A souther n  wooded swamp might be a palustr i ne , pe r s istent , 
forested wetland . All  of these descr iptor s can be 
conver ted to numer ica l  terms for computer process i ng . 
B ecause the system i s  h ierarch ical , var ious leve ls of 
deta i l  can . be determined . 

Major wetland r eg ions in the United States are a 
produc t  of geomorphology , c l imate , and loca l  f loras , bu t 
e ach r eg ion may have a var iety of wetland types present,  
accord ing to loca l i zed cond i t ions . 

P r a i r ie Pothole Reg ion These d iver se shallow wetlands , 
ponds , and lakes wer e  g lac i ally formed and or ig inally 
occur r ed in northwest I owa , western Minnesota , nor thern 
and easte r n  Nor th Dakota , easte r n  South Dakota , and the 
P r a i r ie Provinces of Canada ( southe r n  Manitoba , 
Saskatchewan , and Alber ta) . Vegetation desc r ipt ions can 
be found i n  S tewar t and Kantr ud ( 19 7 2 ) . Vegetat ion i n  
the sur round ing dr ier r eg ions i s  pr edominantly prair i e  
g r asses and for bs , but aspen i s  common i n  the t r ans i t ion 
zones between prair ies and boreal forests . Small g r a i n  
a nd row c rop ag r iculture i s  the pr imary land u s e  and , 
along with g r a z i ng ,  strong ly inf luences upland vegetation 
as we ll as  wetlands . 

N or ther n Forests and Forest-P r a i r ie Ecotone These are 
wet lands , often g lac ially formed , that are sur rounded by 
and often invaded by trees . Edges are of ten bog l i ke ,  
even i n  open areas , and i nc lude sedges and mosses a s  wel l  
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a s  alder a nd willow shrubs or trees . These range from 
the i nter lake r eg ion i n  the Great Lakes s tates eastward 
to Ma i ne and nor th to the tundra ecotone . Desc r ipt ion s 
of these wetlands are found i n  Coward in and Johnson ( 19 7 3 ) 
and Golet and Lar son ( 19 7 4 ) . Successional patterns i n  
the nor theastern Uni ted States a r e  outlined in Golet and 
Par khur st ( 19 8 1 ) . 

Western Great Bas i n  and I ntermounta i n  These a r e  shallow 
wet lands formed i n  pluv ial lake bas ins that per s isted 
after the Pleistocene per iod . They occur in cold deser t 
and steppe country , and ar e often sal ine (or alkaline )  
due to h igh rates o f  evapora t ion . C lass ic examples are 
the Bear River Mar shes (Utah) , the Malheur Lake Mar she s 
(Or egon ) , S t i llwater Mar sh i n  the C ar son S ink (Nevada ) , 
the Tule-K lamath Bas i n  (Cal ifor n i a  and Or egon) , and the 
mar sh systems of the central valleys of C al i fornia.  The 
gene r a l  vegetat ive and l imno log ica l  char acter i s t ic s  of 
this type of wetland , as wel l  as i t s  use by w i ldl ife , are 
outl ined i n  Duebber t ( 19 69 ) . 

Southe r n  Gr eat P la ins I n  this reg ion there are sever al 
extens ive reg ions of shallow wetlands , ponds , and lake s 
that serve as w i ldlife  habitats i n  summer and winter . 
These i nc lude over 121 , 0 0 0  ha ( 3 0 0 , 00 0  acres)  of mar she s 
and lakes i n  the S and H i ll r eg ion of nor thwestern 
Nebr aska ( Sander son and Bellrose 19 6 9 )  and about 100 , 00 0  
ha ( 2 50 , 0 00 ac res)  in the P laya Lakes i n  the H igh Plains 
reg ion of nor thwester n Texas ( Bolen et  a l .  197 9 ) . Many 
ar t if ic ial ponds and r eservo i r s  have been constr ucted to 
add ope n  water hab itats attr ac t ive to migr atory and some 
winte r i ng water fowl ( Hobaugh and Teer 1981 ) , but they do 
not r eplace natur al wetlands as breed i ng or winter ing 
hab i tats . 

R iver Oxbow Swamps and Delta Marshes These may occur 
anywher e  i n  Nor th Amer ica but are most prominent i n  the 
south central reg ion . They are charac ter i s t ic of slow
mov ing r iver s  with broad , anc ient bas ins , and those with 
large s i lt loads . Older wetlands are forested by water
toler ant trees , such as cypress and pin oak (Fredr ickson 
19 7 9 a ) , but younger delta areas are dominated by emergent 
mar s h .  One o f  the best  examples i s  the Mississipp i Rive r  
Delta ,  wh ich formed a mass ive mar sh i n  Lou is iana that now 
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i s  be i ng lost due t o  water leve l control structures that 
have depr ived the area of nutr ient-r ic h  and rev i tal i z ing 
s i lt , with a resu ltant invas ion of salt water (Gag l i ano 
19 8 1) • 

Southern Wooded Swamps Large bas i ns that hold water much 
of the year because of geolog ic formation , r ive r 
i nf luence , or vegetat ive char ac ter i s t ics , these occur a s 
far nor th as the Mingo Swamp of southeast Missour i ,  
Reelfoot Lake i n  nor thwestern Tennessee , and the Great 
D i sma l Swamp of Virg inia  and Nor th Carolina ,  and rang e  
southward to the Okefenokee Swamp of southeastern Georg i a  
and Lake Okeechobee and the Everg lades i n  Flor ida . Many 
are r iver-or iented and r iver- inf luenced . Several were 
dr a i ned ear ly i n  the h i s tory of the United States bu t 
l ater were restored . 

I nland Coastal Mar sh Often large mar shes formed beh i nd 
beach r idges of large lakes , these are charac ter i s t ic of 
the g lac ially i nf luenced Great Lakes and the large lakes 
of souther n  Man itoba . Some are inf luenced by the wate r 
levels of the lake , i nc lud i ng w i nd t ides , whereas othe r s 
are separated from the lake , are older , and are in 
eutroph ic or bog l i ke stages .  Large mar shes o f  th is type 
are st i l l  common along the Great Lakes but are much 
r educed in s i ze .  I n  Mich ig an ,  7 1  percent of the marshes 
of thi s  type have been los t  (Jawor s k i and Raphae l 197 9 )  • 

WETLAND DYNAMICS 

Wetlands r etain enoug h vegetat ion charac ter istic s  to b e  
put i nto c lasses or types , b u t  they vary in water 
permanence and vegetat ion and are charac ter i zed by 
f luc tuating water levels . I n  the wester n Great Bas in , 
I ntermountain , and P r a i r i e  Pothole reg ions , water 
f luc tuat ion i s  caused by ear ly spr ing snowmelt or heavy 
r a i nfall and late-season dry i ng . In r iver f lood pla i n s , 
spr i ng f loods are regular i n  some dra inages and per iod ic 
i n  others . Throughout the P r a i r ie Pothole reg ion , late 
s ummer d ry i ng and year-to-year r unof f are maj or influenc e s  
o n  wetland cond i t ions . Many emergent plants d o  not 
toler ate permanent inundat ion and are character istic of 
tempor ar i ly f looded areas . These inc lude sedge , 
a r rowhead , and moisture- tole rant g r asses , such as manna 
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grass . Other s ,  such a s  catta i l ,  tolerate stand i ng water 
but do not seed wel l  i n  such s ites . Only a few true 
hyg rophytes , such as certain bulr ushes , submergents ,  and 
float i ng- leafed plants , germinate and g row wel l  i n  deeper 
water . 

Stab i l i ty i n  wetlands seems to produce anaerobic 
condit ions that t ie up nutr ients in substrates and 
concentrate tox ic chemicals (Cook and Powers  1958 , Har ter 
1966 ) • Per iod ic dry i ng , on the other hand , oxygen.ates , 
detox i f ies , decomposes , and r eact ivates the f low of 
nutr ients . Concurrently , natural seedbeds result i n  
germinat ion o f  d iver se emergent and submergent p lants as 
well as ter restr ial plants , depend ing on soi l moi stur e 
levels . Hence stab i l i zat ion of water levels produces 
lakel ike  cond i t ions that reduce the product ion of typ ica l 
wetland f lor a and f auna . 

An imal populat ions may be tempor ar i ly e l iminated by 
such per i od ic water f luctuat ions , but spec ies that have 
evolved in such dynamic sett ings s urvive by v i rtue of 
drought- tolerant egg s ( i nve r tebr ates) , bird-carr ied egg s 
( amph ibians and f ish) , immig r at ion ( mammals and 
inver tebr ates ) ,  migrat ion ( birds) , and other mechanisms . 
However ,  reg ional c limatic changes can affect wetlands 
and the i r  w i ld l i f e  populat ions . Moreove r , some spec ies- 
the more aquat ic ones , l i ke f i sh--are s lower to retur n 
after wetlands have dr ied than are semiaquatic forms . 

Man- induced changes i n  vegetat ion and i nver tebrates 
have been stud ied by Kadlec ( 19 6 2 ) and Harr i s  and 
Mar sha ll ( 1963 ) . Examples of responses to shor t-term 
water cyc les in pra i r ie wet lands have been documented by 
Weller and Spatcher ( 19 6 5 ) and Smi th ( 19 7 1 ) . Natura l  
long-term success ional changes in vegetation have been 
observed i n  nor theastern for ests by Golet and Parkhurst  
( 1 9 8 1) • 

WETLAND WILDLIFE VALUES 

Numerous spec ies of inver tebrates , f ish ,  amph i bians , 
rept i les , b i rds , and mammals occur i n  wetlands ( Shaw and 
Fred ine 1 9 5 6 , Sander son and Be llrose 196 9 , Chabrec k 197 9 ,  
Land in 197 9 , We l ler 1979a , b) . Rather than attempt to 
list all these spec ies , th i s  d i scuss ion wi ll focus on 
selec ted ver tebrates of econom ic or aes the t ic prominence 
as a means of assess ing wi ldlife  value s and losses due to 
wetland alterat ion . 
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Several impor tant furbearer s are always assoc iated 
w i th water : muskrats , ( introduced ) nutr ia , mink , 
beave r s , otters , and raccoons . Mus k r ats , mink , and 
nutr ia  ach ieve the i r  g r eatest dens i ty and product ivi ty in 
mar shes . The lodge-bu i ld ing muskrat  is a good spec ies 
f or denoting the depth and cond i t ion of mar shes , and i ts 
popu lat ions ref lec t major hab i tat patte r ns . Several 
s tud ies have shown that the water cyc le i s  a major f ac tor 
i n  year- to-year popu lat ion var iat ion (Weller and Spatche r 
1 9 6 5 , Weller and Fredr ic kson 1974 , Neal 1977 ) . 

Harvest  data on furbearer s  taken dur ing the 197 5-197 6 
s eason ref lec t both the abundance and the economic 
impor tance of these spec ies (Table 10-1) . Nutr i a  ar e 
harvested in Lou i s iana , Mary land , the Carolinas , Texas , 
Or egon , and Wash i ng ton . Mink and muskrats are taken i n  
a lmost a l l  s tates , but the major ity are taken i n  the 
we tland-r ich states of the uppe r Midwest , the Dakotas , 
a nd Lou i s i ana . The total harvest value of these three 
spec ies in the United S tates exceeded $33 m i l l ion i n  
1 9 7 5-1976 ( Deems and Pursley 197 8 ) . 

About 4 4  spec ies of water fowl occur i n  the wetland s  o f  
N or th Amer ica ( Be llrose 1980 ) , o f  wh ich 4 spec ies of 
geese and 10 to 13 spec ies of duc k s  are harvested i n  
s i zable number s  annually ( U . S .  F ish and W i ldlife Serv ice 
19 7 5 ,  Chabr ec k 19 7 9 , u . s .  Depar tment of Ag r iculture 
1980b) . The total harvest of duc ks var ied f rom 4 . 5 to 16 
m i l l ion ducks  annually between 19 5 5  and 19 7 7  with an 
i ncreasing trend for 1963 to 1975  ( F igure 10-1) . Th i s  
var i at ion was generally cor r e lated with populat ion 
f luctuat ions tha t ,  in tur n ,  were dependent on water 
cond i t ions i n  wetlands , wh ich i nf luence the reproduc t i v e  
s uccess o f  breed ing ducks . Several reg ional stud ies have 
detai led th i s  cause-effec t  relationsh ip (Yeager and Swope 

TABLE 10-1 Harvest , Average Pelt Pr ice , and Tota l 
Value of Some Wetland Mammals Harvested i n  
197 5- 197 6 

Mink Musk r a t  Nut r i a  

Har ve s t  2 3 5 , 0 6 9  6 , 4 1 5 , 8 6 1  1 , 57 0 , 0 8 3  

Mean pelt pr ice $10 . 0 0 $3 . 50 $5 . 2 5  

Total value $2 , 3 50 , 690 $22 , 4 5 5 , 5 1 4  $8 , 24 2 , 9 3 6  

SOURCE : Adapted f rom Deems and Purs ley 197 8 .  
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Mil. Ducks Harvested 
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FIGURE 10-1 Total duck harvests i n  the United States and 
harvest by f lyways . SOURCE : USDA 19 8 0 b .  

1956 , Smith 197 1 ,  Weller 197 9b) . The number s  of geese 
vary less  dramatically because of the i r  use of mor e 
stable and nor ther ly Canad ian wetlands , and the harvest 
aver aged about 1 . 6  million bi rds per year dur ing the 
per iod 1955-197 7 .  Geese also are more terrestrial  and 
often g r aze on wet meadows and shallow marsh dur ing the 
breed ing season as wel l  as in w inter . Large wetlands are 
impor tant for rest and protec t ion dur i ng southward 
migr at ion . 

I n  add i t ion to water fowl , many spec ies of bi rds are 
dependent on wetlands , ponds , and lakes , and are termed 
" wa terbirds . •  These i nc lude loons , grebes , coots , 
gallinules , rails , wh ite pe l icans , and other spec ies . 
C e r ta i n  terns and gulls a lso are assoc iated with marshe s ,  
and may nest and feed ther e  dur ing the summer , but gull s 
a l so feed in the uplands . The wader s and shorebi rds 
inc lude those spec ies assoc iated w i th wate r but mor e 
i nc l ined to wade the shal low shore l i nes or mudf lats , such 
as h erons , cranes , sandpipe r s , and plovers . Othe r b i rd s  
n e s t  and f eed i n  the marsh-edge vegetat ion . 

Long- term stud ies done i n  nor thwestern Iowa prov id e  
d ata o n  common spec ies i n  emergent mar shes and r e late 
est imates of minimal nest  dens i�y to var iat ions i n  habita t 
cond i tions (Weller and Fredr ic kson 197 4 ) . These s tudies , 
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l i ke those o n  furbearers and water fow l ,  assess responses 
of breed i ng bird populations to var iations in the qua l i t y  
o f  mar shes and demonstrate the " boom-or-bust• nature of 
wet land produc t i v i ty .  Add i t iona l data on marsh birds 
were presented by Krapu and Duebbert ( 197 4 )  and Duebber t  
( 198 1) . 

Unl i ke f ish , which are restr icted to water , or 
amph ibians , wh ich stay i n  a re lat ively restr icted area , 
water fowl and other migratory b i rds that nest i n  norther n  
mar shes o f  the Uni ted States and Canada ut i l i ze numerou s 
wet lands dur i ng the ir  southward migrat ion and on winter i ng 
areas i n  the United States , Mex ico , and Central and Sout h 
Amer ica . Wh i le i t  i s  easy to assume that these spatially 
separated areas represent d i f ferent issues in resource 
conservat ion , migratory birds use rest s tops when they go 
south and then move free ly on winte r i ng areas to ut i l i z e  
a ny avai lable resource . Thus the survival , retur n ,  a nd 
successful breed i ng of many spec ies are dependent on the 
avai lability of wet lands i n  widely separ ated areas ( see , 
for example , He i tmeyer and Fredr ickson 198 1) . Recen t  
legal r u l i ngs  impose responsi b i l i ty for mai ntaining these 
resource s i n  the United State s  to the federal gover nme n t  
u nder the Migratory B i rds Treaty .  

WETLAND LOSSES DUE TO DRAINAGE 

I nsuff ic ient or i ncomplete baseline data on wetlands i n  
Nor th Amer ica prevent a n  accurate appr aisal of wetland 
losse s .  However , several observat ions and assessments 
document a drastic and cont inuing dec l i ne in wetland 
area , numbers , and qua lity .  

I nformat ion der ived from Swamp Reclamat ion Acts , and 
var ious estimates of wet soi ls by the Soi l  Conservation 
Service , led to an est imate that there was an or ig inal 
wetland area of mor e than 51 million ha ( 127  m i l l ion 
acres ) i n  the contiguous Uni ted States ( Shaw and Fred i ne 
1 9 56 ) . Th i s  i nc luded an unknown amount of coasta l mar s h . 
I n  a par tial wet lands survey by the USDA in 19 2 2 , near ly 
3 mi llion ha ( 7 . 4  m i l l ion acres ) of t idal mar sh were 
i nc luded . The 1955  est imate of Shaw and Fred ine ( 19 5 6 ) 
i nc luded almost 3 . 8  million ha ( 9 . 3  million acres ) of 
c oastal mar sh ( 1 . 6  m i l l ion ha of fresh and 2 . 2  million ha 
of saline ) . However ,  to s impl i fy calculat ions , no attempt 
was made to separ ate coastal f rom inland marsh . 

Shaw and Fred ine ( 19 5 6 ) est imated that by 19 5 5  ther e 
were 3 3  m i l l ion ha ( 8 2  mi ll ion acres)  of wetlands , or a 
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loss of over 18 mi llion ha ( 3 5 . 4  pe rcent ) . A Soi l 
Conservat ion Service est imate i n  1977 (USDA 19 80a)  showed 
28 . 5  m i l l ion ha ( 7 0 . 5  mi llion acres)  ( F igure 10-2 ) , or 4 4  
perc ent of the or ig i nal est imate . Th i s  est imated loss of 
a�s t  4 . 7  million ha ( 11 . 5 m i l l ion acres)  i n  20  year s 
e�a l s  over 2 3 3 , 0 0 0  h a  ( 57 5 , 0 0 0  acres)  pe r  year . 

Los se s  of wetlands have var ied by reg ion and t ime . As 
c ivi l i zat ion moved westward and urban i zat ion and 
�r icu lture expanded , the easte r n  states were the f i r s t 
to lose wetlands through drainage followed by such 
�il-r ich areas as I nd iana , I ll i nois , and Iowa . Th e 
major P r a i r ie Pothole reg ion extended f rom the W i scons i n  
glacial lobe o f  nor th central Iowa through western 
Minnesota , eastern South and Nor th Dakota , nor theastern 
�ntana , and i nto Canada . Drainag e i n  Iowa has been 
fairly well documented ( F igure 10-3 ) and has c aused an 
estimated los s  of 94 percent ( B i shop 19 8 1 )  • 

In 19 5 5  i t  was est imated that 57  percent of the 
wetlands of the ent ire Prai r ie Pothole reg ion ( Schrade r 
1955 ) h ad been los t .  Conside r i ng only Types 3 ,  4 ,  and 5 ,  
Haddoc k and DeBates ( 19 6 9 )  est imated that over 40 , 00 0  h a  
( 100 , 0 0 0  acres ) had been lost i n  the three major Prair ie 

Pothole s tate s  of Minnesota , South Dakota , and Nor th 
Dakota d u r i ng the year s 1966- 1968 . Because some areas 
have signif icant numbe r s  of Types 1 and 2 (which 

1 85 0  1 9 00 1 9 5 0  2000 2 0 5 0  2 1 00 2 1 50 
Y E A R  

F IGURE 10-2 Est imated area of 
remaining wetlands i n  the United 
S tates and in the P r a i r ie Pothole 
states , 1850- 19 7 7 . SOURCE : 
Adapted f rom Shaw and Fredine 1956  
and USDA 19 80 a .  
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FIGURE 10-3 Area of Iowa ' s  remaining 
wetlands . SOURCE : Based on data i n  
Shaw and Fredine 19 5 6  and Bishop 19 8 1 . 

const ituted about 4 0  percent of the 1955  survey) , i t  i s  
obvious that thi s  est imate was a minimal one . 

The most dramat ic loss of a wetland type has been i n  
r iver bottom swamp and ove r flow wetlands that have bee n 
c onver ted to cropland . Data f rom the Missour i • boot 
heel •  summa r i zed by Kor te and Fred r ic k son ( 1977 ) showed a 
loss of 9 6  percent s i nce the or ig i nal est imate was made 
( F igure 10-4 ) . Losses of such bottomland forests 
throughout the Mississ ippi R iver valley total near ly 80 
pe rcent of the or ig i nal  10 m i l l ion ha  ( 2 5  million acres)  , 
a nd 2 5  percent of the r emainder probably will be drained 
by 1995 (MacDonald et al . 1979 ) . 

Loss of emergent mar shes of the Mississ ippi River 
Delta in Lou is iana demonstrates the i nd i r ec t  conseque nce s 
of act ion taken without an understand i ng of hydrolog ic 
r e lat ionships . Thi s  act ion was the construct ion of 
l evees , drainage , and nav igat ion channels and forest 
removal that now causes s i lt- laden water to f low d i rect l y  
i nto the Gulf o f  Mex ico . Because s i lt f rom the 
Mississ ippi River bu i lds  substrate and recharges th e 
nutr ients for a d iverse emergent plant communi ty ,  its 
loss ( combi ned with invas ion by salt water ) has resulte d 
i n  the loss of 10 , 000  ha ( 2 5 , 0 0 0  acres ) of marsh per 
year . The loss has amounted to 3 2 4 , 0 0 0  ha ( 80 0 , 00 0  
acres)  s ince 1890 ( 4 , 0 00  h a  per year ) , with the r ate per 
year increas ing geometr ically (Gag l iano 1981) . 
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FIGURE 10-4 Area r emaining and 
percent loss of Missour i ' s  swampland 
forests . SOURCE : Based on data i n  
Kor te and Fredr ickson 1977 . 

Mean annual rates of wetland loss can be calculated 
f rom the l imited data shown in  F igures 10-2 , 10-3 , and 
10-4 . Nat ionally , the loss has been about 0 . 4  percent 
per year s i nce 1850 . Losses i n  I owa were g reatest 
between 1906 and 1922 ( about 3 percent per year ) and hav e 
decreased to 0 . 2 percent per year s i nce 195 5 , presumably 
because so few wet lands are left to drain , and many of 
them are protected by state or federal agenc ies . Loss of 
Missour i ' s  lowland forest has been more r ap id , with 
average loss rates of 1 percent per year before 1900 and 
1 . 2 percent between 1900 and 1920 , dropping to 0 . 5  
percent by 1950 , when 7 8  percent had been los t .  

TYPES OF WETLAND ALTERATIONS IN RELATION T O  WILDLIFE 

The usual man- induced per turbat ions on a midcont inent 
wetland are listed in  Table 10-2 . Such perturbations 
somet imes are spec i f ic to the plant community of part of 
a wetland ( e . g . , wet meadow , shallow mar sh , deep marsh) , 
but usually the ent ire wet land is affected . Vast reg ions 
of wetland cluste r s  thus ar e somet ime s lost or mod i f ied . 

Marg inal wet-meadow vege tat ion suffer s most from 
intens ive land use because i t  i s  los t when drainag e  
allows enc roachment o f  agr icultural and construc t ion 
activities . Par t ial drainage of wet lands , wh ich occur s 
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TABLE 10-2 General Types o f  Wetland Losses i n  
Midcontinent Nor th Ame r ic a  

Tot a l  los s 
A .  Dra inage fol lowed by farm ing , con s t r uc t ion ,  or other use of 

the s i te .  
B .  T i l ing o f  adj acent a reas w i t h  enc r oach ing ag r icu l t u r a l  or 

othe r l and use r e s u l t i ng i n  los s o f  wet meadow zone . 

c .  F i l l ing f r om the per imete r c r e a t ing abrupt shor e l ines a s  

we l l  a s  decre ased s i ze . 

D .  S i ltat ion by poor uph i l l  s o i l  management i n  ag r ic u l t u r a l  or 

u r bani z ed a r eas . 

Mod i f ied produc t i v i ty due to pol lutants 

A. Fer t i l i ze r  r unof f  

B . L ivestock wastes 

c. Sewag e d i sposa l 

D .  Pes t ic ides 

Wate r - leve l mod i f ic at ion 

A. Flood ing 

B . Wate r stab i l i zation 

c .  Use for i r r igat ion , indus t r y , or h uman wate r s upply 

I n troduc t ion o f  exot ic plants or an ima l s  
A .  C a r p  and s un f i sh 

B .  Trout s toc k ing for aquac u l t u r e 

c .  Aquat ic plants 

C luster mod i f icat ion with loss of d ive r s i ty of wetland types by 

complete or par t i a l  d r a i nage 

A. Dra inage o f  sma l l  u n i t s  i nto s t reams , reduc i ng s i ze of both 

large and sma l l  un its . 

B .  Dra inage of sma l le r  u n i t s  into larger wet l ands , f lood ing 

larger we t land s . 

F lood ing of we t land c l u s t e r s  

A .  F lood con t ro l  impoundment s 
B . I r r igat ion impoundments 

C. Hyd roe l ec t r ic powe r produc t io n  

dur ing t i l ing operations , may result i n  a success iona l 
s h i f t  toward wet-meadow vegetat ion at a lower contour 
level wh i le reduc i ng deep-marsh vegetat ion (Table 10- 3 ) • 

I n  s uch c ases , wet-meadow w i ld l i fe might i ncrease . 
However ,  par tial  drainage of wet meadows combi ned wi t h  
d r a i n ing o f  adj acent uplands and/or i ntens ive use of the 
marsh edge ser iously reduce s wet-meadow bird populat ions . 
Thus i t  i s  not surpr ising that marsh hawks , short-eared 
owls , and sandh i l l  cranes are now uncommon in the much
d r a i ned and mod if ied Prai r ie Pothole reg ion . Mar sh b i rds 
may be replaced by upland spec ies that favor weedy cove r 
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TABLE 10-3 Some Relat ive Populat ion Changes and Habitat 
Sh ifts by Wi ldlife  Following Natura l  or Man-Made Wet land 
Perturbat ions 

W i ld l i f e  A r r anged 
by Veget a t i v e  
Communi ty--
f rom Dry ( top ) 
to Wet ( be low) a 

Upland edge 

D r a ined 
T i led/or 

Const ruct ion 

k , N .  pheasant 
M .  dove 
Dee r *  
Meadowla r k  
Bobol i n k  

Mar sh edg e ( mud f la t )  
Shore b i r d s *  
He ron s* 

Marsh edg e ( sh r ub )  
R . W .  b l ac k b i r d  

W e t  meadow 
Swamp spar r ow 
Sedg e wr en 
M a r s h  h awk 
SE o w l  
K ing r a i l  
M i n k  

S ha l low m a r s h  
R . W .  b l ac k b i r d  
Am . b i t t e r n  
Sor a 
Dabb l i ng duc ks 
Ga l l i nu le s  

Deep ma r s h  
L BM  w r e n  
Va . r a i l  
'i . H .  blac k b i r d  
Coo t 
D iv i ng d uc k s  
G rebes 
L .  b i t t e r n  
Mus k r at/nut r i a 

D r a i ned 
D r ough t  

+ 
+ 
+ 
+ 
+ 

Par t i a l ly 
D r a i ned 

+ 
+ 
+ 
+ 
+ 

+ 
+ or 0 

0 

0 
0 

- or 0 
- o r  0 
- or 0 
- or 0 

0 
0 or + 
0 or + 
0 or -

0 or -

Par t i al ly 
F looded 

00 or -

0 or -

0 o r  + 

0 or -
0 or -

0 or + 
0 or + 

- or 0 
0 or + 
- or + 

0 
0 or + 

0 
0 or -
0 or -

F looded 

NOTE : Based ma i nly on m idcont i ne n t ,  sem ipermanent p r a i r ie mar shes . 

aBased on b r e ed i ng pop u l a t ions except as i nd ic ated by aster i s k . 
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(pheasants ,  meadowlar ks , doves , and song spa r rows ) , bu t 
these are small i n  number s  unless other habitats are 
avai lable . 

One of the most d i f f icult losses to evaluate i s  that 
of small , seasonally f looded wetlands (Types l and 2 )  
that are eas i ly drained and that often are not regarded 
as of h igh value for w i ldl ife because they dry out by 
m idsummer . Some stud ies (Evans and B lack 195 6 )  have 
noted h igh use by breed ing water fowl , wh i le othe r 
r esearchers feel these wetlands are of lesser impor tance.  
Because these wetlands reduce farming e f f ic iency and are 
e a s i ly drained by t i le or d i tch , these areas have been 
reduced severely .  Most fede ral and state regulation s 
offer little or no protect ion for these shallow wetlands . 

A related loss i s  the drainage of these smaller 
wet lands i nto larger ones , wh ich often seasonal ly or 
permanently f lood s the larger un i t ,  mak ing it mor e 
lake l i ke .  Some good examples of th i s  i n  urban forest
success ion wetland s have been noted in the Nor theas t 
( Gole t and Parkhurst 1981 ) . Attrac tive deep-mar sh 

vegetat ion is thereby reduced or el iminated , and th i s  
loss d ir ectly affects nesting bi rds (Table 10-3 ) .  Such 
permanently changed water levels may have only tempor ary 
impac ts i n  r educ i ng the areas of emergent vegetat ion , 
s i nce plant succession may advance upslope . Th i s  depend s , 
however , on bas i n  contour s ,  s i nce abrupt shores are not 
conduc ive to the g rowth of emergent plants . Even then , 
t he character of the wetland i s  changed by the add i t ion 
of more open wate r i n  the center . Wher e  wet lands become 
open lakes (Type 5 ) , alternate uses by b i rds ( such as 
postbreed i ng or mig r ational rest stops ) may occur i f  
adequate food i s  avai lable i n  the v ic i n i ty .  But the 
stab i l ity of the water leve l may also mod ify stands o f  
s ubmergent plants , thus i nf luenc i ng the k inds of 
waterbirds found there . Moreover , such conve r s ion 
ser iously l imits habitat d iver s i ty i n  a r eg ion . 

Wetland losses resu lting f rom impoundment of stream s  
f or i r r igat ion o r  for use i n  hydroe lectr ic power plant s 
are inc reas ing ly common . The construct ion of the 
Gar r i son d ivers ion i r r igat ion proj ec t  in Nor th Dakota 
w i l l  e l iminate 89 , 0 0 0  ha ( 2 2 0 , 00 0  ac res ) of agr icultur a 1  
l and and wet lands . Such actions once were most common i n  
popu lated areas , but proposals for such proj ects i n  
C anada and Alaska threaten vast areas of wetlands once 
regarded as safe because of the i r  i solat ion and seve r e  
weather . 
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Althoug h many o f  the impacts o f  such per turbat ions o n  
w i ld l i f e  and prec i se assessment o f  the wild l i fe populat ion 
losses are d i f f icult to measure , the potenti a l  
consequences seem stagg e r i ng .  

MEASUREMENT OF WILDLIFE LOSSES ON WETLAND S 

I de a l ly ,  the impac ts of wet land losse s on w i ldlife should 
be measured by continuous censusing of wi ldlife  popu la
t ions over t ime concurrent with drainage patterns in 
di f f e rent type s and s i zes of wet lands . But thi s  involve s 
expens ive , long- term stud ies with uncertain outcome s .  
Mor eover , such wor k has customar i ly been viewed as  mer e  
documentat ion o f  the dem i se o f  w i ld l i fe r ather than 
involvement in agg ress ive and innovat ive prog rams to 
prese rve w i ldlife habitats . Thus only qualitat ive 
assessments can be made . Judgments such as those i n  
Table 10-3 are based on general observat ions o f  the 
natur a l  success ional changes in wet land commun ities and 
year- to-year changes produced by c l imat ic cond i t ions . 
Better data are avai lable on these changes with respec t 
to vegetat ion than to w i ldl ife , howeve r .  

A dec l ine in  the d ivers i ty and abundance of bird s ,  and 
a n  i ncr ease in small mammals , was recorded as a result of 
dra i nage and channeli zat ion of Mi s sour i ' s  bottomland 
forest  (Fredr ickson 1979b) . Evans and B lack ( 19 56 ) , 
Smith ( 19 7 1 ) , and Yeager and Swope ( 19 5 6 ) noted decl ine s 
in  water fowl populat ions as a product of drought and 
dra inage in pra i r ie potholes . Dr amat ic changes in bi r d  
and muskrat populat ions were noted for Type 4 marshes i n  
Iowa by We l le r  and Spatcher ( 196 5 )  and We ller and 
Fredr ickson ( 19 74 ) . Water fowl responses to chang ing 
water level s  i n  a pothole c luster have been noted by 
Weller ( 1979b) . 

Total drainage of a wet land for some alternate use 
wi l l  obviously result i n  a major impact on all wildl ife , 
but the losses often are par t i a l ly due to i ncomplete 
dr a i nage . Moreover , there has been no assessment of th e 
i mpac ts  on w i ld l i fe of f lood ing ,  a common result of the 
dr a i nag e  of several smaller wet land s  into a large r one . 
By u s ing natural var iat ions i n  w i ld l i fe response to 
fluc tuat ions in the qua l i ty of a Type 4 wetland , We l le r 
( 198 lb) est imated the losses of wi ld l i fe due to f lood ing 
or par t i a l  drainage . Although the losses were not as  
g reat as for  dra inage , f lood i ng was calcu lated to 
elimi nate 6 5  to 7 0  percent of the mus k r ats  and nest ing 
b i r d s . 
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Such technique s a r e  useful only i f  data o n  othe r 
wetland types and vegetat ion communi t ies are ava i lable . 
There i s  cons iderable var iation among wetlands , and i t  i s  
impor tant to record not only d ifferent leve ls of 
productivity but also the range of normal var iation found 
i n these dynamic , c limate- sens i t ive habitats . 

WETLAND PROTECTION AND ACQUISITION 

The cont inuing loss of wetlands has i nduced a var iety of 
ef forts to s low the los s and retain suf f ic ient area to 
maintain typical faunal and f loral d iver s i ty and the 
product ion of wildl ife for hunt i ng . Water fowl hunter s 
have been espec ially involved in forceful conservat ion 
prog rams resulting in the acqu i s i tion , protec t ion ,  and 
management of wetlands for both breed i ng and winte r i ng 
wate rfowl . 

The ear l iest acqu i s i t ions were refuges to protect 
spec i f ic birds and were i n i t i ated by the Nat ional Audubo n  
Soc iety .  Subsequently , the B iolog ical Survey o f  the u . s .  

Depar tment of Agr iculture i n i t i ated an acqu i s i t ion ( and 
somet imes restorat ion) prog r am in 190 8 , resulting in a 
large number of Nat ional W i ldlife  Ref uges managed by the 
u . s .  F ish and W i ld l i fe Service . Th i s  system of refuges 
now inc ludes some 2 . 5  mi llion ha (6  million ac res) . The 
present goal is to acqu ire about 8 10 , 0 00  ha ( 2 million 
acres)  more by 1986 through lease or purchase i n  
M innesota , South Dakota , and North Dakota (Ladd 197 8 ) . 
There has been cons iderable local resi stance to such 
programs , however .  I n  1977 the governor of Nor th Dakota 
dec lared that no fur ther acqu i s i t ions of land by the 
f ederal gover nment wou ld be permitted i n  the state . Th i s  
was legally tested by the u . s .  F ish and Wildlife Service , 
a nd i n  1981  the courts held that the federal government 
ha s  a mandate to provide habi tats for water birds unde r 
i nternat ional migratory b i rd treaties with Canada , 
Mex ico , Japan , and Rus s i a , and that state s cannot 
obstruct such acqu i s i t ions . 

The u . s .  Depar tment of Agr iculture once a ided farme r s  
i n  drain ing wetlands . Now , the depar tment manages the 
F ederal Water Bank prog ram and expends some $10 m i l l ion 
annually for the protect ion of wet lands and adj acent 
uplands that help protect water sheds , prevent f loods , and 
se rve wi ldlife needs . As of 1978 , ove r 160 , 00 0  ha 
( 4 0 0 , 0 0 0  acres)  had been protec ted for a 10-year per iod 
(Ladd 197 8) . 
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S tate s also have acqu i red bloc k s  of land for wildl i f e  
h ab i t ats that now total 2 m i l l ion h a  ( 5 . 1 mi l l ion acres)  
(Ladd 197 8 ) , mostly acqui red through the P i t tman
Robe r tson Act ,  which taxes f irearms and ammunit ion to 
prov ide funds for the acqu i s i t ion and management o f  
w i ld l i fe habitat . Minnesota also has a state water bank 
prog r am and g ives farmers property tax credits if they 
abst a in f rom draining wetlands . A recent analysis 
sugge sts that such economic i ncent ives are effec t ive and 
that the compensat ion is fair ( U . s .  Corps of Eng i neers 
19 8 1) • 

P r ivate organizat ions and i nd ividuals a lso have been 
involved . Ducks  Unl imited (Canada) i n i t i ated protective 
easements on wetlands in the Prair ie P rovi nce• of 
Sas k a tchewan , Mani toba , and Alberta afte r  a severe 
d r oug ht had r educed duc k  populat ions i n  the 1930 s .  Both 
Canad ian and u . s .  hunte r s  contr ibute sizable amounts 
annua lly to thi s  ongoing progr am .  Smaller and often 
pr i s t ine areas have been acquired by the Audubon Soc iety , 
the Nature Conservancy , and local nature s tudy centers .  

Many biolog ists bel ieve that outr ight purchase can 
only provide an example , and that maintenance of a 
harvestable water fowl populat ion w i l l  depend upon a 
changed ph ilosophy of land use that cons iders the 
long-term advantages of wet lands to all soc iety . As a 
r esult , var ious e ffor ts are under way to protect 
sig n i f icant and often larger wetlands at the state a s  
we ll a s  the nat ional leve l .  Some 15 states now have some 
type of wetland protec t ion law .  I n  add i t ion , Sect ion 40 4 
of t he 1972 Federal Water Pollut ion Control Act provides 
feder a l  protect ion of wetlands from dredge and f i l l  
act ivit ies . The u . s .  Corps of Eng ineers  is  charged with 
tak i ng protec tive act ions under th i s  act ,  and the u . s .  
E nvi ronmental Protec t ion Agency ( EPA) oversees the permit  
process .  However , both agenc ies currently l imit the i r  
act ions to wet lands near r iver s  and d o  not believe they 
are author i zed to regulate per turbat ions e lsewhere . 
He nce drainage cont inues in many s tates where wet lands  
are most abundant . 

WETLAND RESTORATION AND CREATION 

A n umber of major wetlands that wer e  drained later wer e  
f ound to be less than sat isfac tory for ag r icu lture and 
other purposes and have s i nce been restored . These 
i nc lude the Great Dismal Swamp i n  Virg inia , Hor icon Mar sh 
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i n  Wi scons i n ,  the Sour i s  Mar shes i n  Nor th Dakota , and 
K lamath Lake in Oregon and C a l i for n i a .  Many r estorat ions 
have been successful where remnant f lora and fauna 
persi sted , but the response has also been good even where 
ag r icultural activities have been pract iced for many 
year s .  Many marsh plants have seeds that r ema i n  viable 
for 15 yea r s  or more and thus are adapted to the dynami c 
water cyc les character istic of marshe s .  Other seeds are 
spread eas i ly by wind ( e . g . , catta i l ) , so that plant 
e stabli shment can be r ap id when cond i t ions are ideal . 
Cur rently , there i s  cons ider able interest i n  marsh 
r estorat ion and c reat ion , par tly as a m i t igat ion measure 
an0  par t ly to encourage placement of new mar she s in  
d e s i r able locat ions , such as  nature s tudy center s .  

ESTIMATING FUTURE WETLAND LOSSE S 

I n  spite of increased effor ts to conserve wet lands 
th rough state and federal leg i s lat ion , tens of thousand s 
of  hectares are drained annually for ag r iculture , 
construct ion , and othe r i ntens ive land use s .  Moreove r , 
s kyrocketing land value s ,  pol i t ical inf luences that 
hampe r land acqu i s i tion , the trend toward c lean farming , 
t he need for more i ntens ive produc t ion on ava i lable land , 
i nc reased oppor tun i t ie s  to sell products abroad , and lac k 
o f  apprec iat ion of wetland values will  f ur ther s t imulate 
d r a i nage where i t  i s  not proh i b i ted by law . 

One can calculate a mean loss of 2 3 3 , 00 0  ha ( 57 5 , 0 0 0  
acr e s )  per year between 195 5  and 1977 , based o n  data 
p lotted i n  F igure 10-2 . The cur rent r ate of loss has 
been est imated a t  more than 120 , 0 0 0  ha ( 3 0 0 , 00 0  acres ) 
per year nat ionally ( USDA 1980a) . Certain areas 
undoubtedly will suf fer great losses , both becaus e  
wetlands a r e  s t i l l  ava i lable and because economic 
incent ives ex ist  for land use changes . Two c r uc i a l  area s 
f or the product ion and winter i ng of water fowl , 
respectively , are the P r a i r ie Pothole r eg ion and th e 
M i s s i s s ippi River Delta forests and emergent marshe s .  
Los ses o f  bottomland forests t o  ag r iculture by 2 0 0 0  wer e  
p roj ec ted a t  2 . 3 mill ion h a  ( 5 . 6  m i l l ion acres)  i n the 
Second Nat ional Water Assessment (U . S .  Water Resource s 
Counc i l  1980 ) . Calculat ions by MacDonald e t  a l .  ( 1979 ) 
suggest that 86 percent of the or ig i nal Miss i s s ippi 
bot tomland will  be destroyed by 199 5 .  Calculated delta 
mar sh losse s i n  Lou i s i ana were 10 , 00 0  ha ( 2 5 , 00 0  acres ) 
per year for 1980 (Gag l iano 1981) , and proj ec t ions 
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sugge s t  that such losses may reach over 1 5 , 000  ha ( 3 8 , 000  
acres )  pe r year by 2000 . At th i s  r ate , several ent i r e  
par i shes would b e  los t  with i n  the next S O  t o  200  years , 
creati ng great economic loss to the public and los s o f  
habi tats for f ur bearers , water fowl , and other wildl ife . 

Losses i n  the Prai r ie Potholes can be assessed by 
projec t ion of the weak data points i n  F igure 10-s , wh ich 
ind icate that the current area is about 10 . 5  m i l l ion h a  
( 2 6  m i l l ion acres) , o r  3 5  percent of the est imated 2 9 . 8  
mil l ion ha ( 7 3 . 6  million ac res)  i n  the area or ig inally . 
All of the r emaining area w i l l  be lost by 2 0 5 5  i f  the 
present rate of drainage continues . Unfor tunately , the 
197 7  survey does not g ive state or reg ional est imates for 
Prai r i e  Potholes in a manner compar able to the 195 5  
survey . 

S tud ies of Prair ie Pothole loss have been sporad ic and 
r� ional . A study by Evans and Blac k  ( 1956 ) showed how 
minor losses of wet lands drained i nto larger units 
d�reased duck habitat on one smal l  area . A study of 
losse s in  three s tates (Minnesota , South Dakota , and 
North Dakota)  showed a loss of about 2 4 , 50 0  ha (60 , 4 4 0  
acre s )  of most ly Types 1-3 wetlands because of subsid i zed 
drainage programs of the Soi l  Conservat ion Service (SCS ) 
between 1954 and 1958 ( U . S .  F i sh and Wi ld life Service 
1961 ) . Moreover , deeper wet lands also were drained 
because drought had r educed these to less permanent 
water s .  In 1964-1968 , over 5 0 , 00 0  ha ( 12 5 , 0 0 0  acres)  o f  
wetlands were drained i n  these three states (Horwi tz  
1978 ) . More recent ly , the  channe l i zat ion of  smal l 
water sheds under SCS-sponsored programs c lear ly i ncreased 
the ease and extent of drainage both in Minnesota (Choate 
1972)  and i n  South Dakota (Er ickson 197 5 ) . 

1 8 5 0  1 9 00 1 9 50 2000 2050 2 1 00 2 1 50 
Y E A R  

FIGURE 10-5 Proj ected losses of 
total u . s .  wetlands and Pra i r ie 
Potholes at present drainage rates . 
SOURCE : Weller 198la .  
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What f actors will  inf luence the rate at which wet lands 
are drained i n  the future? The easiest wetlands to dra i n  
are small  ones i n  shallow bas ins , so that larger , deepe r 
wet lands tend to be preserved . But wetland drainage 
techn iques a lso have improved , and f i ll i ng i s  common i n  
cer tain areas . I t  i s  apparent that ex isting laws ar e 
s lowi ng but not s toppi ng the d r a i nage of wetlands and 
that mor e effective laws are needed . 

WETLAND MANAGEMENT 

Management may be def ined as human activity d i recte d 
toward manipulat ion of habitat for the good of w i ld l i fe 
and man . The product ion of w i ldl i fe has been maximi zed 
on a r educed number of hectares and areas by a var iety of 
management prac t ices . Management prac t ices to enhance 
threatened or e ndangered plant spec ies , as we ll as common 
plants useful for biomas s  produc t ion or water pur i f ica
t ion , also are possible . 

Techn iques useful i n  wet land habitat management have 
been reviewed by Sander son and Bel lrose ( 19 6 9 ) , Linde 
( 1969 ) , and Weller ( 197 8 ,  198la) . We can c lass i fy these 

techniques as e i ther • natural• or • a r t i f ic ial• proces se s . 
The natura l  processes common to wetlands are water leve l 
f luctuat ions , grazing ,  and f i re .  Of these , water leve l 
manipulat ion has been most effec t ively used by wi ldlife 
managers  and produces one of the least expens ive , longes t 
l ived , and most aesthet ically pleas ing ( i . e . , natural)  
results . 

Because the f lora and f auna of wet lands have evolved 
w i th chang i ng water levels , the stabi li zation of wate r 
levels seems to be detr imental to most spec ies of mar sh 
wi ldlife . Therefore , when emergent vegetat ion has bee n 
e l iminated by h igh water , herbivores ,  or d isease , water 
leve ls can be reduced to reac t ivate nutr ients and reduce 
tox ic e lements . A lush g rowth of new vegetat ion results , 
wh ich , when ref looded , attracts i nver tebrates , amphibians , 
b i rds , and semiaquat ic mammals . The result ing • boom• may 
last several year s , and this product ion i nc reases the 
long- term mean produc t ion leve l .  However ,  there has bee n  
confus ion over what const i tutes appropr iate water leve l 
f luc tuat ions because changes i n  water level dur ing the 
nesting of birds or muskrats can cause loss  of nests and 
egg s  or death of young . Hence water levels should be 
relative ly stable dur i ng  breed ing per iods , but not all 
year or year to year . In  some years a loss of breed i ng 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


2 4 1  

populations will result f rom management , but subsequen t 
revitali zat ion of the mar sh will attract larger numbers 
of w i ldlife and i ncreased product ion . 

Only managed wetlands have water control structure s ,  
and management often i s  d i f f icult o n  areas lac k ing contro l 
struc tures . Water d iver s ion by instream impoundments or 
irr ig ation channel s  is  used i n  some western mar shes . I n  
mos t  cases , management i s  restr ic ted to regulat ion of 
herbivores . Graz ing by muskrats , nutr ia,  moose , and 
domes t ic l ivestock is d iff icult to control , and the 
impac t  can be dramat ic . 

F i r e  has been used to temporar i ly e l iminate excess ively 
dense vegetat ion , such as cattails , to create open space s 
attract ive to water birds , and to return nutr ients to 
circulation . 

D ugouts , level-d itching , and blasting are techn iques 
that af fec t  small areas and that can be used to creat e 
a r t i f ic ial nesting s ites , improve cover-water inter
sper s ion , or fulf ill  fther spec i f ic habitat needs . 
Herbic ides have also been used to create tempor ary 
open i ngs , but thi s  pract ice seems feas ible only whe r e  
water hyac inths o r  other exot ic plants have c reated 
cont inuing chok ing of wetlands . 

wetland losses have been so extens ive that only a 
modes t  par t of these can be replaced . Since losse s 
c ont i nue to occur , sound management prog rams will be 
requ ired to increase wildlife production on remaining 
wetland areas managed pr imar i ly for w i ldlife . Moreover , 
other  uses of land sur round ing wetlands will  further 
mod i f y  remaining wetlands and require t ighter controls 
over manageable factor s .  

P ROJECTED IMPACTS OF CURRENT AGRICULTURAL TRENDS 

Ag r icu ltural trends vary by r eg ion , and the impacts o f  
we t l and destruct ion or deg radat ion o n  wildlife are 
ther efore not uniform national ly ( see Chapter 4 ) . 
A l though this sec tion attempts to c ite the concerns of 
biolog ists regarding var ious areas , it emphas i zes those 
a r e as where the prospects of fur ther wetland losses are 
g r eatest , namely , the Prai r i e Pothole reg ion and the 
lowland hardwood forests . 

B enef ic ial E ffects Any act ion that reduces fur ther 
dr a inag e , or the conve r s ion of pr ime or submarg inal land s 
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t o  row crops , w i l l  s ignif icantly a i d  wi ldl ife i n  wetland s . 
I n  dr ier reg ions , where agr icultur al productivity i s  low 
and e r r at ic , a trend away from the convers ion of grass
lands to c ropland would mean less  drainage . Maintenance 
of grass cover on uplands through the proper regulat i o n  
of  l ivestock g r a z i ng would r educe eros ion into wet land 
bas i ns . Improved watershed management also would improv e 
water qual i ty and reduce eutrophicat ion and s iltat ion of 
wetlands . I f  h igh energy costs lead to r educed cultiva
t ion , there will  be more upland cover , and integr ated 
pes t  management would result in  reduced water pollutants . 

Detr imental E f fects Cont inued t i l ing ,  channe l i zat ion 
(Fredr ickson 19 7 9b) , and dr a i nage of small  water shed s 
( Choate 197 2 )  and of wet lands that normal ly store water 

will  dry out uplands and enlarge rema i n ing wetlands . 
Th i s  will  result i n  lake l i ke r ather than mar shli ke 
cond it ions i n  some wetlands , wh ich wi l l  negatively af fec t 
w i ldlife . Ur ban development on former f armlands will 
compound th i s  problem . Concurrently ,  f lood i ng wi l l  lowe r 
w i ldlife  produc t ion on enlarged wetlands . 

I nc reases i n  the s i ze of feedlots i n  water sheds , th e 
u se of  h igh-sulfur coals that produce ac id r a i n ,  and 
i nc reased fer t i l i zer and herb ic ide use i n  no- t i l l  agr i 
c u l ture could negat ive ly a f fec t water quality i n  wetlands .  

I ncreased farm s i ze ,  increased equipment s i ze ,  
i r r igat ion , and other i ntens ive farming pr ac t ices all 
produce • c lean farming •  and encour age fur ther drainage o r 
t he use of uplands adj acent to wet lands . I r r igat ion i s  
viewed with par t icular concern by several observer s i n  
western areas . because of its role i n  lower i ng water 
tables and el iminat ing sur face wet lands . Thi s  impac t 
var ies by locat ion , water ava i labi l i ty ,  and intens i ty of 
i r r ig ation . 

U nce r ta i n  Impacts Aquaculture may prove benef ic ial by 
provid ing fur ther economic i ncent ives to mai ntai n  
wetlands . The t iming o f  aquaculture harvests , however ,  
could have negat ive effects on breed ing birds or furbeare r  
populat ions . Moreover , aquaculture creates compet i t ion 
among all spec ies that feed on the inver tebrates of 
mar shes and negat ive ly affects wild l i fe and nat ive f ish 
by the shee r number s of i ntroduced f ish ( Swanson and 
Nelson 197 0 ) . Add it ional ly , there is a tendency to 
mod ify natura l  Type 5 wetlands in some areas to provid e 
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free ze-proof depth i n  winter , good summe r oxygenat ion , 
and d r awdown of water for harvest . The general pattern 
of  f ish g rowth and removal i s  such that the wetlands 
could be lost to most wetland birds except for predaceous 
merganse r s  and herons , wh ich could become a problem i n  
f i s h  produc t ion . 

B iomass produc t ion i n  uplands would i nf luence wetlands 
by s t imu lat ing i ncreased farming intens ity and possibly 
s i lt a t ion . Growing of wetland plants such as catta i l  or 
reed for biomass could add usefu l i nter spers ion and 
ope n i ng s  to densely vegetated areas . However , water 
reduct ion to dry such upland areas for harvest mus t  be i n  
late fall or ear ly winter , r ather than dur ing bird and 
mammal breed ing seasons . 

Forest cutt ing prac t ices are per tinent to wet land 
wi ld l ife only i f  tree-cutt ing produces s i ltat ion o r  
f lood ing i n  the wet lands . 

PROTECTION OF WETLANDS 

I ntens ive w i ldlife management , however good it may be , 
cannot fully compensate for wetland losses of 5 0  to 9 5  
percent . W i ld l i fe harvests will  be r educed propor
tionately , and management str ateg ie s must be devi sed to 
p r event the loss of threatened spec ies . Some m i t igat ion 
of losse s may be possible , and some ar t i f ic ia l  wet land s 
c an be created , but these contr ibut ions to wild l i fe 
surv ival w i l l  be re lat ively minor . 

Some wet lands may be of g reater long- term economic 
value for the harvesting of furbeare r s  and the leasing o f 
l a nd for water fowl harvesting than for ag r icultural 
c r ops , but thi s  use will requ i r e  d i fferent bus ines s  
approaches than have been deve loped i n  the moder n  f arm 
management system . 

A lthough data on wet land drainage are d i f f icult to 
g ather , and the long-term effects of drainage can only be 
e s t imated , the evidence i s  overwhe lmi ng that the values 
of  wetlands to hydrolog ic and other l i fe-suppor t systems 
a r e  i nd ispensable . Several r ecent r eviews (Good et al . 
1 9 7 8 , Greeson et al . 19 7 9 )  provide extensive summar ies o f  
t he values o f  wet lands . F ie ld stud ies by Nov i t z k i  ( 19 7 9 ) 
i n  Wi scons in and Brun et  al . ( 19 8 1 )  i n  North Dakota , and 
model i ng stud ies by Moore and Lar son ( 19 7 9 ) provide 
exce llent evidence that wet lands inf luence stream f low 
a nd r educe f loods . Wetlands i nf luence underground water 
tables ( S loan 197 2 ) , thoug h of ten only in sma l l  amounts . 
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They also improve water qual i ty ,  reduce wind and wate r 
e ros ion , s tore org anic mater i a l ,  pur ify the a i r , and add 
vi sual d ive r s i ty .  Local i zed , shor t-term benefits  shou ld 
not take precedence over long- term values impor tant to 
the ent ire cont inent , and even the wor ld . Thus , both fo r 
w i ld l ife and for other values , we tland losses must not 
cont inue . We tland values must  be carefu lly documented , 
a nd the public i nformed of these values . 

Implementat ion of the follow ing recommendat ions i s  
e ssent ial to preserve Nor th Amer ican wet lands 
( r ecommendat ions are not in pr ior i ty orde r )  : 

1 .  Leg al responsibi l i ty for enforcement of federal 
we t land protect ion laws must  be c lar i f ied . 

2 .  All types of wetlands should be protected f rom 
s i l tat ion and other per turbat ions that reduce wi ld l i f e  
h abitats , water-hold ing capac ity , or water qual ity .  
Those wet lands for wh ich f lood ing i s  not a natural 
phenomenon should be protected from f lood ing . Currently , 
dredge and f i l l  ope rat ions can be regulated ma inly on 
wetlands assoc iated with streams . 

3 .  Wetlands of all types should be protected t o  
p reserve natural f lora and fauna , t o  prevent endanger i ng 
any spec ies , and because each wetland type serve s  a 
d if ferent w i ldlife community . Currently , most wetland 
protec t ion laws do not cove r C lass I I  ( tempor ary) or 
C lass I I I  ( seasonal)  wetlands . 

4 .  Fede ral and state po l ic ie s  that encourage o r  
s ubs id i ze the drainage or a lterat ion o f  wetlands should 
be abol ished . 

5 .  Sui table land management systems should be devi sed 
and demonstrated to encourage certain  wet land use and 
preservat ion by pr ivate owne r s . The provis ion of 
economic incent ives has been the major means of 
p reserving wetlands , but better assessments of the value 
of furbearer harvests and of leasing land for hunt ing may 
i nc rease voluntary protec t ion . 

6 .  Knowledge about wetlands and wetland preservat io n 
p r og r ams should be d ir ec ted to f armers  and other land 
manager s so that preservat ion ef for ts  are based on 
understand ing and cooperation . 

7 .  Evaluation of wetlands should be done on a 
l ong- term bas i s , incorpor at ing data on the annual 
contr ibut ions of wet lands to water qual ity and stor age , 
f lood control ,  and recreat ion as we ll as to wi ld l i fe . 
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RESEARCH AND INFORMATION NEED S 

Several k inds of i nformat ion are needed to understand 
fully the current impacts of ag r icu lture on wi ldl i f e  
habi tats and populat ions . Obtaining such i nformat ion 
often requ ires expens ive , long-term research on wildlif e 
habitat ecology . The following are a few examples of the 
types of studies needed . 

• Determine wild l i fe dens i ty by habitat type . 
Populat ions of nongame birds , of wetland mammals , and of 
common species of ducks still  are i nsuf f ic iently related 
to vegetat ion type and quality .  There are examples f rom 
a few habitats , but informat ion recorded under var iou s 
habitat qua l i ty cond i t ions i s  needed to serve as 
base l i nes  for model s  to pred ict loss . 

Per form exper imental stud ies on vegetat ion and 
wild l i fe . Most data are based on observat ional studies 
that cannot be repl icated . Uncontrollable var iables 
inf luence the quality of the data and r e f i nement of 
assessment techniques . Several study des igns ar e 
poss i ble , but water control struc tures are essential to 
create areas of suff ic ient s i ze to attr act wild l i fe . 

Per form observat ional stud ies of wetland s i ze and 
wild l i fe . Data on the relationship between wildlife 
number s  or spec ies d ive r s i ty and wetland s i ze are 
essential to assess the impac�s of dra i nage where 
wetlands of d i f ferent s i ze s  are el iminated . Small 
wetlands tend to be drained f irst  and are of d i fferent 
types than larger wetlands and serve d i f ferent bird or 
mammal spec ies and therefore suffer d i f ferent ial losses 
of spec ie s . Desc r iptions of the commun i t ie s  and of the 
impac ts of drainage on them are inadequate . 

• Develop wildlife assessment techniques . Var iou s 
qua l i tat ive techn iques are be ing deve loped . The Habitat 
Eva luat ion Procedures (REP ) of the Fish and Wildlife 
Serv ice are spec ies-or iented , whereas the Corps of 
Eng i neers ' Habitat Evaluat ion System (RES ) is  community
or i e nted . Both have advantages and d i sadvantages , but 
both are necessary because of the need for speed of 
a s sessment and the lac k of a data base on the vegetat ion 
and wi ld l i fe character i st ic s  of var ious types of 
habitats . Greater emphas i s  is needed on quant i tat ive 
bas e s  on wh ich to make qual i tat ive j udgments . New 
techn iques have been deve loped by Bur nham et a l .  ( 1980 ) 
and others , who are perfecting r apid census technique s 
that provide dens ity est imates as well as data on spec ies 
dive r s i ty and habitat se lection . 
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• Assess wetland losses . Var i at ion i n  th e 
techn iques of c lass i fy i ng and quant ify ing the d istr ibut ion 
and area of wetlands make s assessment of loss r ate s 
d i f f icult . Each new system must be adj usted so that 
equ ivalent habitats are recorded . Currently ,  uncertainty 
exists as to the equ ivalency of certa in wet soi l  types 
and certain ephemeral wetlands . 

Determine soc ioeconomic inf luences on dra inage . 
Federal prog r ams that provided f inanc ial ass i stance for 
dr a ining wet lands increased the loss of wet lands i n  many 
areas unt i l  a president ial decree mandated a change in 
such polic ies . Nat ional and state systems to preserve 
wetlands i nc lude outr ight purchase , or easements , by the 
F ish and W i ldl ife Serv ice and such th ings as tax 
i ncentives not to drain wetlands for ag r iculture . 
However , resistance to these prog rams suggests tha t 
soc ial i nf luences and nuisance fac tor s of wet lands may be 
of overr id ing impor tance ( Le i tch and Dan ielson 197 9 ) . 
Not only i s  better u nderstand ing of farmer  dec ision
mak ing necessary , but new methods of information 
d i sper sal are essent ial to inform landowner s  of the 
values of wetlands and the economic and tax benefits o f  
ma intaining them i n  the ir  natur al state . 

• Determine value s of Types 1-3 wet lands . Mos t 
wet land r egulations at the state and nat ional level do 
not protec t these temporary wetlands , wh ich dry out i n  
most years and do not occur i n  some years . The ir value 
to w i ldlife is known but not quant if ied , and the i r  role 
in water retent ion , f lood control , and water recharge i s  
uncerta i n .  Drainage of these types of wetlands i s  great , 
a nd the i r  loss will cont inue unless research documents 
the i r  value more conv inc i ngly . 

• Study mitigat ion needs and processes . Ag r i
cultural and other act ivities often result in lowered 
qua l i ty ,  i f  not total loss , of wet lands . Replacement o f  
lost habitat tends t o  be j udged o n  sur face area o f  water 
even though the substrate shape , r ichness , and the 
vegetat ive community it  suppor ts d if fer g reatly .  As a 
resu lt ,  there is no mit igation based on wildlife 
product ion units or other more real istic value s .  Such 
approaches need to be explored , tes ted , and activated . 

• Assess the effects of pestic ides and fer t i l i zer . 
Exper imental s tud ies should be conducted to measure the 
inf low of her bic ides and fer t i l i zers into mar she s and to 
a ssess the poss ible consequences on f lora and fauna 
r ichness and productivity .  
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1 1  
Impacts of Agricultural Trends 
on Coastal Wetland and Estuary Habitats 

The coastal wet lands are the mar i ne shore s  of the Un i ted 
States,  exclud i ng Alaska and Hawa i i .  They cons i st of 
approx imate ly 8 , 0 0 0  l i near k i lomete r s  of the coasta l 
shoreline and approx imately 8 6 , 00 0  km of t idal shoreline 
as shown i n  Table 11-1 . The coastal zone i s  an area 
where urban , i ndustr i a l , and rec reat ional ac t iv i t ies are 
increasing .  

The estuar ies of the Uni ted S tates r ange f rom the 
deep , stable bays of the Nor thwest , such as Puget Sound , 
at one extreme , to waters around the trop ical reefs of 
the Flor ida Keys , at the other . I n  between these 
extremes are systems of every k ind and g r adat ion where 
nearly every combinat ion of natur al f i sh and wi ldl i f e  
productivity occurs . 

W i th in these ecolog ical systems , the character i s t ics 
of which are largely determined by natural factor s ,  such 
as geolog ical h i story , t idal ampli tude , weather , water 
currents , and geog r aph ical locat ion , human impacts have 
become a major c ause of alterat ion of water and water
related resources . With i n  each coastal reg ion of the 
United S tates , one of the maj or concer ns i s  pollut ion . 
In some areas , such as southwest Flor ida and Cal i forni a , 
the major sources of concern are domestic waste s ,  wh i le 
in othe r reg ions , such as New Eng land ,  the Pac i f ic 
Nor thwest , and A laska , industr ial  pollut ion i s  the major 
concern . 

Other major concerns are conservat ion of wetlands i n 
New Eng land and the mid-Atlant ic and south Atlantic 
r eg ions ; eros ion i n  the south Atlantic r eg ion and the 
easter n  Gulf of Mex ico ; water d iver s ion in the lowe r 
M is s i ss ippi r eg ion ; and f reshwater supply in the Gulf of 
Mex ico . 
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TABLE 1 1-1 S i ze and Shape Compar isons Among B iophys ical Reg ions 

N 
1.11 

Chesa- � 
Nor th Midd le peake Sou t h  
A tlant ic Atlant ic Bay Atlan t ic Car ibbean 

Ocean coastl ine (mi ) 1 , 3 5 8  1 , 2 8 6  1 1 . 3  8 1 7  1 , 5 4 2  
T idal shor el ine ( mi ) 4 , 4 1 9  7 , 9 9 2  5 , 4 6 9  9 , 7 9 3  3 , 4 3 7  
Estuar ine water area ( mi2 ) 3 , 4 0 1  5 , 13 0  4 , 5 5 4  3 , 9 7 3  7 1 7  
M a r s h  a r ea (mi2 ) 9 7 . 6  6 0 3 . 1  5 9 5  2 , 2 6 7  6 1 6 . 4  
Coastal count ies a rea ( mi2 ) 1 1 , 1 7 7  19 , 2 3 7  1 3 , 8 5 9  2 4 , 8 3 9  9 , 86 9  
Descr ipt ive r at ios 

Tidal shore l ine/ocean coas t l ine 3 . 3 6 . 2  4 0 8 . 0  1 2 . 0  2 . 2  
Estuar ine water ar ea/ocean coastl ine 2 . 6  4 . 0 4 0 0 . 0  4 . 9  0 . 4 6  
Estuar ine water a rea/t idal shor el ine o .  7 7  0 . 6 4 0 . 8 3 0 . 4 1  0 . 2 1 
Ma rsh area/ocean coas t l ine 0 . 0 7  0 . 4 7 5 3 . 0  2 . 8  0 . 4 0  

Marsh area/tidal shoreline 0 . 0 2 0 . 0 8 0 . 1 1 0 . 2 3 0 . 18 
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Pac if ic Pac if ic 
Gu l f  of Sou th- Nor th- Pac i f i c  
Mex ico west west Alaska Islands Total 

Ocean coas tl ine (mi ) 2 , 2 7 0  1 , 1 9 4  6 6 9 1 4 , 8 9 9  1 , 1 9 4  2 5 , 2 3 0  
T idal shore l ine ( mi l 1 5 , 4 7 6  3 , 0 6 0  4 , 7 9 3  3 3 , 9 0 4  1 , 3 2 8  8 9 , 5 7 1  
Estuar ine water area (mi2 ) 10 , 94 4  7 9 9  1 , 9 4 6  1 4 , 3 5 3  1 5  4 5 , 8 3 2  
Marsh area (mi2 ) 8 , 4 2 7  1 9 1  4 4  . s  a 1 5  1 2 , 8 4 1  
Coasta l count ies a rea (mi2 ) 4 8 , 1 5 1  3 1 , 1 6 8  4 2 , 7 6 8  3 3 4 , 4 1 3  6 , 7 0 3  5 5 2 , 1 8 4  
Descr ipt ive r at ios 

T idal shorel i ne/ocean coastl ine 6 . 8  2 . 6 7 . 2  2 . 3 1 . 1  3 . 6  
Estuar ine wate r a rea/ocean coastl ine 4 . 8 0 . 6 7 2 . 9  0 . 9 6 0 . 0 1  1 . 8  

Estuar ine water area/ t idal coastl ine o .  7 1  0 . 2 6 0 . 4 1  0 . 4 2  0 . 0 1  o . s  
Ma r s h  area/ocean coastl ine 3 . 7 0 . 16 0 . 0 7 0 . 0 1  0 . 5  

Marsh area/t idal s hor e l ine 0 . 5 4 0 . 0 6 0 . 0 1  0 . 0 1 0 . 1  N 
U1 
U1 

aNo data . 

S OURCE : Brokaw 1 9 7 8 . 
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1 990  2000 2010 2020 2030 
FIGURE 11- 1  Proj ect ions of par t ic ipat ion i n  major  
hunting and f ish i ng ac t iv i t ies under med ium-level 
populat ion assumpt ions , 1978-20 3 0 . SOURCE : USDA , Fores t 
Service 1980 . 

C oncern for estuar ine and near shore mar ine areas i s  
appropr iate . I n  197 2  the value of commerc ial f ish 
harvests was $750  m i l l ion ( U . S .  Depar tment of Commerce 
197 2 ) ; in 1970 expend itures for saltwater recreat iona l 
f ishing were est imated at near ly $ 1 . 25  b i l l ion , and at 
$24 4 m i l l ion for waterfowl hunting (U . S .  Depar tment o f  
the I nter ior 197 2 ) ; and dur i ng the 1975-1976 season the 
total mar ket value of fur harvests exceeded $150 million 
( Deems and Pur sley 1978 ) .  Other uses of estuar ine and 

near shore mar ine areas , such as recreat ional boat i ng , 
b ird watching , and swimming are a lso dependent upon the 
quality of the water and water-related resources . F igur e 
1 1-1  shows the proj ec ted impact of spor t f ish ing i n  salt 
wate r s  through the year 2030 . Mos t  coastal ecolog ists 
agr ee that coastal f i sher ies are at the i r  max imum 
susta ining y ield . However ,  most estuar ine areas of th e 
U n i ted S tates have been mod i f ied more or less severely by 
human ac t iv i t ies . Thus it i s  imperat ive to manage the 
coastal env ironment to avoid f ur ther deg r adat ion . 

Conf l icts between r ec reat ional and commerc ial user s o f  
e stuar ies h ighl ight the problems of allocating both the 
shorel ine and the adj acent wate r s  for d i f ferent purposes . 
These conf l icts w i ll i ncrease i n  f requency and i ntens i ty , 
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par t icular ly i f  proj ected i nc reases i n  rec reat iona l 
demands and consumpt ion of f isher ies products are real i zed 
as the populat ion cont i nue s to g row and the population 
dens i ty of coastal reg ions i ntens if ies . The populat ion 
of the Uni ted States , exc lud ing Alaska and Hawa i i ,  rose 
f rom 12 per sons per square k i lometer i n  1790  to 150 i n  
19 7 0 ,  and the populat ion with i n  8 0  k m  o f  the coast rose 
f rom 60 to 108 million people between 19 4 0  and 1970 . 

GEOGRAPHICAL AND ECOLOGICAL DESCRIPTIONS OF ESTUARIE S  

The s hor elines of the Uni ted S tates a r e  gener ally d iv ided 
into the Pac i f ic ,  Gulf , and Atlant ic reg ions . The reade r 
i s  d irec ted to u . s .  Depar tment of the I nter ior ( 19 7 0 a )  
f o r  deta i led maps o f  the estuar ine zone s o f  the United 
S tates . The Pac i f ic r eg ion , with its nar row shelf , cold 
coasta l  waters , emerg ing shorel ine , and few estuar ies , i s  
qu i te d ifferent f rom the Gulf and Atlant ic r eg ions , wh ich 
have a broad shelf , many estuar ies , and a subs id i ng 
s horeline and are warmed by the Gulf S tream .  Shoreline 
types and areas are shown i n  Table 11-2 . The term 
• estuar ies , "  as u sed in this chapter , i ncludes bays , 
lagoons , f j ords , other semienclosed saltwater- i nf luenced 
bod ies of water , and r iver delta areas . 

The Pac i f ic Coast i s  a tecton ically r i s i ng area . Th i s  
produces a coastline w i th alternat ing sandy beaches and 
c l i f f s  that extend i nto deep water nea r  shore . Wate r 
c irc ulat ion along th i s  k ind of coast tends to reduce the 
effects  of events on land , e i the r natural or man- induced . 
The refore there may not be s ignif icant major agr icultural 
impacts on the coastal water s of the Pac i f ic Coast .  Th e 
bays of the West Coast wer e  tectonically formed with deep 
bas ins i nto wh ich empty streams f rom mounta inous areas , 
f e r t i le valleys , forests , r angeland , and c ropland . The 
nor ther n area has abundant r a i nfall , wh ile the souther n 
a r e a  i s  ar id .  Wh ile there are numerous small , semi
enc losed natural bays , the large estuar ies are Puget 
Sound , San Franc isco Bay , and the Gulf of C al i for n i a ,  
whe r e  the Color ado River enters Mex ican water s .  Smalle r 
e stua r ies are found along the nor thern coast of 
Was h i ng ton , wher e  weathe r i ng of the shore has produced 
low coastal f lats . These · r ise to more rocky coasts at 
Cape Mend ic i no . In the souther n  por t ion of the Pac i f ic 
C oas t ,  San Diego and Tomales bays have f r i ng ing marshes , 
but Newpor t Bay and other areas adj acent to Los Angele s 
h ave been almost complete ly r eplaced by urban development . 
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TABLE 1 1 - 2  Sho re l ine Types fo r the Uni ted S tates 

Estua r ine Grave l or 
S ho re l ine a 

Coa s tli ne a Surface Area
b 

Rocky Beachd 

(mi l ( km )  (mi l ( ltm )  ( acre s )  ( ltm2 ) (mi ) ( km )  

New Engl and Ma ine 2 , 500 4 , 0 1 1 . 5  2 2 8  3 66 . 9  3 9 , 400 1 5 9 . 4  

New Hampshire 40 64 . 4  1 3  2 0 . 9  1 2 , 4 00 5 0 . 2  

Mas sachusetts 1 , 2 00 1 , 930 . 8  192  3 08 . 9  207 , 000 8 3 7 . 7  

Rhode I s l and 3 4 0  547 . 1  4 0  64 . 4  94 , 700 3 8 3 . 2  N 
Connecticut 270 4 34 . 4  3 1 , 600 1 2 7 . 9  U1 

CXI 
Total 4 , 3 5 0  6 , 999 . 2  38 5 , 100 1 , 5 58 . 4  

Middle New York 6 38 1 , 026 . 5  1 2 7  2 04 . 3  3 7 6 , 600 1 , 5 2 4 . 1  

Atlantic New Jersey 4 6 9  7 54 . 6  1 3 0  2 09 . 2  7 78 , 4 00 3 , 1 5 0 . 2 

De laware 2 2 6  3 6 3 . 5  38 4 5 . 1 3 9 5 , 500 1 , 600 . 6  

Maryl and 1 , 9 3 9  3 , 1 1 9 . 9  3 1  4 9 . 8 1 , 4 06 , 100 5 , 6 90 . 5  

Virginia 993 1 , 5 97 . 7  1 1 2  180 . 2  1 , 67 0 , 000 6 , 768 . 5  

Total 4 , 2 6 5  6 , 862 . 3  4 3 8  688 . 6  4 , 626 , 600 18 , 7 3 3 . 4  

South North Carol ina 3 , 66 1  5 , 8 90 . 5  3 0 1  484 . 3  2 , 206 , 600 8 , 9 3 0 . 1 

Atlantic- South Ca ro l ina 3 , 06 3  4 , 928 . 4  187 3 00 . 9  4 2 7 , 900 1 , 7 3 1 . 7  

Gul f Georgia 204 3 28 . 9  100 160 . 9  1 7 0 , 800 6 91 . 2  

F lorida 8 , 4 2 6  1 3 , 5 57 . 4  1 , 3 5 0  2 , 1 7 2 . 2  1 , 05 1 , 200 4 , 2 54 . 0  

M i s s i s s ippi 3 5 9  5 7 7 . 6  4 4  7 0 . 8 2 5 1 , 200 1 , 0 1 6 . 6  

Al abama 607 976 . 6  5 3  8 5 . 3  5 3 0 , 000 2 , 144 . 8  

Total 16 , 3 2 0  26 , 2 3 9 . 4  2 , 0 3 5  3 , 2 74 . 4  4 , 6 3 7 , 700 18 , 768 . 4  
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Sandy Unc l a s s i f i ed Marsh or Unconso l ida ted Rockyd 
Beach Beache s  Mangrove C l i f f s  Shore 
(mi ) ( km )  (mi ) ( km )  (mi l ( km l  Cmi ) ( km )  (mi ) ( km )  

New England Ma ine 5 0  8 0 . 5 1 0  16 . 1  2 , 4 4 0  3 , 926 . 0  

New Hampshire 2 5  4 0 . 2 

Massachuse t t s  305 4 90 . 7  6 3 5  1 , 02 1 . 7  

Rhode I s land 4 5  7 2 . 4  1 4 0  2 2 5 . 3  

Connecticut 1 4 5  2 3 3 . 3  

Total 955 1 , 5 36 . 6  

Middle New York 3 3 1  5 3 2 . 6  

Atlantic New Jersey 2 1 5  3 4 5 . 9  2 0 5  3 2 9 . 8  

De l aware 76 1 2 2 . 3  100 1 60 . 7  

Maryl and 46 74 . 0  

Virginia 294 4 7 3 . 0  5 3 0  8 5 2 . 8  

Total 
IV 
VI 

south North Carol ina 1 , 26 9  2 , 04 1 . 8  1 , 5 0 3  2 , 11 18 . 3  \D 
Atlantic- South Ca ro l ina 1 96 3 1 5 . 4  

G u l f  Georgia 102 1 6 3 . 6  

Florida 

M i s s i s s ippi 1 , 3 7 5  2 , 2 1 2 . 4c 2 , 4 2 3  3 , 8 98 . 6
c 

Al abama 

Total 
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TABLE 11-2 ( con tinued) 

Estuarine Grave l or 

Shorel ine a Coa stline a Surface Area
b Rocky Beachd 

(mi l ( km )  (mi l ( km )  ( ac re s )  ( km2 ) (mi l ( km )  

Lower 

M i s s i s s ippi Loui s i ana 7 .  7 2 1  1 2 , 4 2 3 . 1  3 9 7  6 38 . 8  3 , 54 5 , 100 1 4 , 34 6 . 3  

Texa s-Gu l f  Texas 1 ,  792 2 , 88 3 . 3  3 7 3  600 . 3 1 , 34 4 , 000 5 , 4 38 . 9  

Ca l i forn ia-

South Pac i f ic Ca l i forn ia 3 , 4 2 7  5 , 5 1 4 . 0  840 1 , 3 5 1 . 6  5 5 2 , 100 2 , 2 34 . 2  1 7 . 5  2 8 . 5  
N 

Col umbia- Washington 3 , 02 6  4 , 868 . 8  1 5 7  2 5 2 . 6  1 9 3 , 800 784 . 3  
0\ 
0 

North Pac i f ic Oregon 1 , 4 1 0  2 , 268 . 7  2 96 4 76 . 3  5 7 , 600 2 3 3 . 1  

Total 4 , 4 36 7 , 1 36 . 5  4 5 3  7 28 . 9  2 5 1 , 400 1 , 0 1 7 . 4  

Ala ska Alaska 3 3 , 904 54 , 5 5 1 . 5  6 , 64 0  1 0 , 68 3 . 8  1 1 , 02 2 , 800 4 4 , 607 . 1  

Great Lakes Wi scon s i n  9 , 5 7 1  1 5 , 3 9 9 . 7 1 0 , 600 4 2 . 9  

Michigan 1 5 1 , 700 6 1 3 . 9  

Ohio 3 7 , 200 1 50 . 5 

New York 48 , 900 1 97 . 9  

Total 9 , 5 7 1  1 5 , 3 99 . 7  

Hawa i i  Hawa i ian I s .  1 , 0 5 2  1 , 6 92 . 7  7 5 0  1 , 2 06 . 7  

Caribbean V i rgi n  I s .  1 7 5  2 8 1 . 6  1 1 7  188 . 2  

Puerto Rico 700 1 , 1 2 6 . 3  3 1 1  5 00 . 4  

Total 875  1 , 4 07 . 9  4 2 8  688 . 6  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I m p a c t s  o f  E m e r g i n g  A g r i c u l t u r a l  T r e n d s  o n  F i s h  a n d  W i l d l i f e  H a b i t a t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 5 3 8

http://www.nap.edu/catalog.php?record_id=19538


Lower 

M i s s i s s ippi Loui s iana 

Texa s-Gu l f  Texa s 

Ca l i fornia-

South Pac i fic Ca l i fornia 

Col umb i a- Washington 

North Pac i f i c  Oregon 

Total 

Alaska 

Great Lakes 

Hawa i i  

Caribbean 

Alaska 

Wisconsin 

Mich igan 

Ohio 

New York 

Total 

Hawa i ian I s .  

Virg i n  I s .  

Puerto Rico 

Total 

Sandy 

Beach 

(mi l ( km )  

8 3 5  1 , 34 3 . 5  

674  1 , 084 . 5  

6 2 2  1 , 06 5 . 6  

2 , 107 4 16 . 4  

2 5 9  3 , 3 90 . 6  

a 

b
Data a re from u . s . Department o f  Comme rce 1 9 7 5 . 

Unc l a s s i f ied Marsh or Unconsol idated Rocky
d 

Bea;;:hes Mangrove C l i f f s  Shore 

(mi l ( km )  (mi l l km l  (mi l (km)  ( m i. )  

1 , 1 08 1 , 78 2 . 8  

3 5 9  5 7 7 . 6  4 2 1  6 7 7 . 4  

202 3 2 5 . 8  7 5 7 . 0  1 . 2 18 . 0  

Data are from u . s .  Department o f  the I n te rior l9 70b . �I n c l ude s Gul f Coas t s  o f  Florida , Mi s s i ssipp i , and Alabama . 

Source mate rial not s u f fi ciently exp l i c i t  to clas s i fy .  Mo s t  beaches in these categories a re probably 

s he l ly ,  pebbly , or grave l or mixture s . 

( km )  

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Impacts  o f  Emerg ing  Agr icu l tu ra l  T rends  on  F ish  and Wi ld l i fe  Hab i ta t
h t tp : / /www.nap.edu/ca ta log .php?record_ id=19538

http://www.nap.edu/catalog.php?record_id=19538


2 6 2  

The estuar ies o f  the Gulf o f  Mex ico are extens ive and 
c ontr ibute much of the f ish c atch of the United S tates . 
These estuar ies are somewhat s imi lar to those on the 
A tlantic Coast , in that they were formed on a shallow 
coastal she lf dur ing the r i se of the sea after the las t 
ice age . The estuar i ne envi ronments of the Gulf r ange 
from the hyper sal ine Laguna Madre of south Texas to the 
M is s i s s ipp i R iver Delta to the car bonate mangrove swamps 
of the Flor ida Everg lades . The estuar ies of the Gulf 
r ece ive a large i nf low of f resh water , s i nce approx imately 
50  percent of the r a i nfall i n  the Uni ted States falls 
w i th in the Gulf ' s  water shed . S ince much of th i s  rain  
or ig inates f rom the evaporat ion of Gulf water s ,  the 
G u lf ' s  estuar ies and shore l i ne are h ighly sens i t ive to 
ag r icultural trends . The marshes i n  the estuar ies ar e 
h ighly product ive of seag r asses and phytoplankton , vary 
constant ly with var iat ions in r a infall and coastal energ y 
p atter ns , and have been g reatly affected by ac t iv i t ies 
l i ke deve lopment of the i ntercoastal canal and the por t s  
o f  Galveston , Corpus Chr i st i ,  Sabine , and Mobile and 
those on the Miss iss ipp i River . The Gulf coastal water s 
are h ighly turbid because the r ivers carry heavy loads of  
s i lt .  

The estuar ies o f  the Atlant ic reg ion are d ivided i nto 
f looded r iver valleys and wate r in glac i ated areas of the 
nor ther n Atlant ic Coast . W i th i n  this reg ion i s  
Chesapeake Bay , a drowned r iver valley h ighly affected b y  
ocean t ides and r iver i nf low . Marshes are extens ive 
throughout the bay area and are h ighly product ive of 
w i ldlife . The Hudson River e stuary i s  heav i ly af fec ted 
by human activities in New Yor k and its por t . 

All the coastal reg ions are h ighly product ive for many 
k i nds of aquatic life , rang ing from anadromous f i sh ,  l i k e  
s a lmon , t o  var ious spec ies o f  c rabs , shr imp , and oyster s , 
and numerous mar ine f i sh spec ies . The total mar ine catc h 
of  the Uni ted S tates for 197 9  was about 3 . 5  million metr ic  
tons , or about 5 percent of  the wor ld catch (U . N .  Food 
and Agr icultural Organ i zat ion 197 9 ) . The Gulf of Mex ico 
cont r i buted roughly half of the country ' s  commerc ial f i s h  
and shellf ish catch . The sport f ish catch may equal or 
exceed the commercial c atch , depend ing on the area and 
spec ies of f ish . 

The e stuar ies are normally trans i t ional freshwater
sa ltwate r systems influenced by weather patterns on both 
land and sea . They are gener ally h ighly produc t ive and 
somet ime s eutroph ic , depend ing on var iat ions in the 
nutr ient i nput from r iver s  and local r unof f .  The 

Copyright © National Academy of Sciences. All rights reserved.

Impacts of Emerging Agricultural Trends on Fish and Wildlife Habitat
http://www.nap.edu/catalog.php?record_id=19538

http://www.nap.edu/catalog.php?record_id=19538


2 6 3  

nut r ients a r e  gener ally d i luted by offshor e cur rents , 
t id a l  ac t ion , and r a infal l .  

U nt i l  recent t imes there was little sc ient i f i c  
under stand ing o f  estuar ies as d ist inct environments , 
although the estuar ies of the great r iver systems have 
alway s been a pr imary source of human food . The inter
chang e  of f resh and saline water s with in estuar ies makes 
them sui table environments for the spawni ng and growth of 
var ious f i sh and cr ustaceans , and the i r  shoals are the 
s i te of extens ive beds of mussels , c lams , and oyster s .  
Wh i le i t  may be true that estuar ies are tr ans itory 
env ironments because they are subject to all the changes 
tha t  occur where land and sea meet , these trans i tory 
cond i t ions do not occur with s uch suddenness as to des troy 
the e stuar ine envi ronment i tself . However , i t  i s  possible 
f or h uman activity to r esult i n  the destruct ion of 
estuar ies . Thi s  has happened in the past and could occu r 
w i th g reater f requency i n  the future . Much of th i s 
de s t r uct ion by alterat ion i s  ins id ious (Odum 197 0 )  • 

LEGI SLATIVE ACTION RELATED TO ESTUARINE HABITATS 

Throughout mos t of its recorded h i s tory the compet itive 
economic system of the United States has led most of its 
c i t i zens to choose to ignor e the environmenta l conse
quences of that system . But when it was real i zed that 
Lake Er ie ,  the Hudson River estuary , and othe r larg e 
bod ies  of water were s lowly becoming unf i t  as aquatic 
habitats for most  spec ies , the nat ion enacted leg i s latio n  
to r ever se the destruct ive trends . The Nat ional 
Env i r onmental Pol icy Ac t of 196 9 , the Federal Wate r 
Pollu t ion Control Act of 19 7 2 , the Mar ine Protection , 
Re search and Sanctuar ies Ac t of 19 7 2 , the Safe Dr inking 
Water Act of 1974 , and the Coastal Zone Management Act of 
1 9 7 2  all  inc luded recommendat ions for regu lat ing mos t of  
t he h uman ac t iv i t ies that  affect coastal waters . 

These var ious acts and federal regu lat ions issued 
p ur suant to the acts were intended to regulate all 
d i scharges of wastes , water , dredg e mater ials , and so on , 
i nto the waters and wet lands of the United States . The 
acts  resulted i n  a vast and comprehens ive evaluation of 
t he nat ion ' s  water s and the ir  c apac i ty to absor b wastes . 

Through implementat ion of the var ious acts , u . s .  water s 
h ave been g reat ly improved dur ing the past decade . W i th 
the he lp of these laws and r egulat ions , many polluted 
e nv i r onments have restored themse lves r apidly , although 
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i t  i s  d iff icult to determine the extent of the restorat ion 
because there are no complete h i stor ical records of 
natur al ecosystems . However , almost no control ex ists 
over eff luents from nonpoint sources . These are due to 
water use and changes i n  the normal water f low of drai nage 
areas , streams , and lakes , a s  wel l  as soi l eros ion ,  
nutr ient r unoff , agr icultur a l  chemical runoff , and street 
runoff , whose impact may be greater than eff luents f rom 
point sources . 

HOW AGRICULTURE AFFECTS ESTUARIES 

The impact s  of ag r iculture on estuar ine systems ar e 
p r imar i ly due ( 1)  to r iver load and r unoff f rom adj acent 
uplands , and ( 2 )  the d i r ec t  use of coastal wet land s for 
agr iculture .  F igure 1 1-2 shows the water budget for the 
Uni ted States , ind ic at ing the f low of fresh water to the 
coasts . 

The greatest impacts of agr icultural trends on 
estuar ies are c aused by r ive r burdens . These can be 
separ ated i nto major and minor impacts . I n  general , 
mu lt iple agr icultural  activities occur in the drainag e  
a reas o f  the major u . s .  r iver s .  Approx imately 5 0  percent 

Streamflow to 
Pacif ic --+41111.., 
Ocean-
300 bgd 

Subsur face 
flow-
2S bgd 

R eservo1r net evaporat•on-

15 bgd (measured )  

Strea mflow to Mex •co- 1 .6 bgd 

Strea m f l ow to 
AtlantiC Ocean 
and 

Gulf of MeK ico-
920 bgd 

Su bsurface f low-
7S bgd 

FIGURE 1 1-2 Water budget for the conterminous United 
S tate s .  SOURCE : u . s .  Water Resources Counc i l  1978 . 
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o f  the United S tates i s  inc luded i n  the drainage bas i n  o f  
the M i s s i s s ippi River , and roughly 7 5  percent of the 
r ive r return f low moves through its extens ive r iver 
system . The downstream impacts on estuar ies will  be 
influenced by all  known ag r icultural prac t ices and 
potent ial changes . Much of the antic ipated inc rease in 
ag r icultural area will be in  the dr ainage bas ins of the 
major and minor r iver systems east of the Miss issipp i .  
Eros ion ,  nutr ient , and chemical leve ls , a s  well  as wate.r 
quant i ty ,  will all be inf luenced . The degree of upland 
change wi ll inf luence the impac t of agr iculture on 
estuar ies . 

The ecolog ical balance of the Chesapeake Bay , for 
examp le ,  is regulated by four major r iver s  and 5 0  
t r ibutar ies . The bay i s  intens ive ly used for both 
commerc ial  and spor t f i sh i ng and for other r ecreat iona l 
purposes . I ts marshes are havens for a mult itude of 
birds , and oysters from the bay are wor ld- renowned . 

S an Franc i sco Bay i s  inf luenced by the Sacr amento and 
San Joaquin r iver s ,  wh ich or ig inate in  the mounta ins and 
fer t i le valleys of Cal i for n i a .  D ivers ions o f  these two 
r iver s  may cause changes in the habitat s of the bay by a n  
i ncrease in salinity and a decrease in nutr ients . The 
f low from small r iver s in the southern Califor n i a  are a  
passes d irectly through ocean outfall& to the P ac i f ic 
Ocean , bypass ing estuar ine systems . 

The deep waters of Puget Sound and the Strait  of Juan 
de Fuca are affec ted by numerous r iver s ,  inc luding the 
Sxag i t ,  which supplies 60 percent of the fresh water that 
ente r s  the sound . 

Almost a l l  the other estuar ies of the Uni ted S tates 
are affected by the many smaller r iver systems in coasta l 
areas . E ach of these may reflect the agr icultural impacts 
of a more spec i f ic type of act iv ity . 

The quality of freshwater input to estuar i ne systems 
in the Un i ted States is regulated by local and upr ive r 
wastewater c r i ter ia  established by the u . s .  Env i ronmental 
Protec t ion Agency (EPA) . In gener al , these cr iter ia have 
r esu lted in an improvement of the envi ronmental balance 
of e s tuar ine systems since 19 7 0 . There i s  a concur rent 
move toward control of agr icultural and urban r unoff from 
nonpo int sources that may fur ther improve estuar ine 
systems . The product ivity and aesthetic value of 
estuar ine systems are determined by nutr ient ava i labi lity 
and the amount of tox ic mater ials ente r i ng the systems . 
I f the tox ic mate r i als are removed but the nutr ients are 
not ,  the result may be an i ncrease i n  wi ldlife and plant 
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produc t i v i ty .  I f  nutr ients are reduced i n  eutroph i c  
systems , the r esult w i l l  be an i ncrease i n  e stuar ine 
produc t iv i ty .  Nutr ient- l imi ted systems may be affected 
negat ively . 

Agr icultural ac t i v i t ies and changes i n  the amounts of 
suspended mater ials , nutr ients , pes t ic ides , and chemicals 
in coastal water s  are related . The fer t i l ity of estuar ies 
is related to water runof f from land and the r ates of 
f lush ing due to t ides and currents . Major s torms have 
f lush i ng ef fects , remov ing accumulat ions of sediment , 
r educ ing salinity ,  and often opening passages between 
estuar ies and coastal water s .  The management of estuar ie s 
must therefore consider a w ide range of var iables , some 
man-made and some natural . 

GENERAL EFFECTS OF AGRICULTURAL TRENDS 

The only approach that can be used i s  to dev ise scena r io s  
delineat ing r anges of causes and effects . I t  i s  
imposs ible t o  provide information o n  the impacts  of a l l  
agr icultur al trends o n  the wide r ange o f  coastal 
hab itats , because the net ef fec t  of any trend cannot be 
e st imated by means of a quan t i tat ive methodology . 

There are some gener al  ag r icultural trends whos e 
e f fects are appl icable to a ll coastal habitats ( see 
Chapter 4 ) . Ther e  is a general consensus that , becaus e 
o f  energy constraints , one of the general changes in  
ag r icultural prac t ices will  be  a r educt ion of i r r igat io n 
i n  the ar id wester n r eg ions of the Uni ted S tates and a 
trend toward more l ivestock g r a z i ng . Th i s  reduct ion i n  
c ropland , coupled with the impact o f  the est imated 50  
percent increase in wor ld popu lat ion by the year 200 0 ,  
w i ll lead to a n  increase i n  the convers ion of forests and 
range land to cropland east of the Mississ ipp i River . 
E st imates of the land that w i l l  be conver ted r ange f rom 
16 to 4 0  m i l l ion ha . I n  general , this transformat ion 
w i ll take place in areas where water is ava i lable and 
probably i n  r i ver ine wetlands . The impac t on aquat ic 
systems will be an i ncrease i n  chemicals and nutr ients , 
and changes i n  amount of runof f . 

Th i s  w i ll result in  a general reduct ion of ag r icultural 
ef fects on ar id western environments and i nc rease the 
agr icultur al e ffects on e stuar i ne systems in the East .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

I m p a c t s  o f  E m e r g i n g  A g r i c u l t u r a l  T r e n d s  o n  F i s h  a n d  W i l d l i f e  H a b i t a t
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http://www.nap.edu/catalog.php?record_id=19538


2 6 7  

Water Ava i lab i l i ty and I r r igation 

Because of energy constra ints , there will be a general 
trend in wester n i r r igat ion to sh i f t  to the mor e  eff ic ien t 
d r ip method . Th is  will have the general effect of 
reduc ing eros ion and the movement of nutr ients and 
chemicals i nto the water shed . 

I n  the East , on the othe r hand , there will be a n  
i nc rease i n  water use , and unless more emphas i s  i s  placed 
on eros ion control there will  be a general increase i n  
sed iment i n  bod ies o f  water . More nutr ients and chemicals 
wi l l  also be used , but these mater i als may be mor e  
e ff ic ient ly u t i l i zed as the i r  costs continue t o  r i se .  
Whethe r  or not mor e  eff ic ient use of fer t i l i ze r s  and 
chemicals will  lead to r educed amounts of both i n  natural 
bod ie s  of water , g iven greate r agr icultural production , 
i s hard to pred ic t .  No mechan isms are ava i lable to 
determine the total impac t of such changes on an ent i r e 
water shed , such as the Miss i s s ipp i River or Chesapeake 
Bay system . 

Forest Prac t ices 

I n  gener al , there wi l l  be an emphas i s  on increas ing the 
harvesting of trees ( see Chapter 7 ) . Th is  will r equ i r e  
greater u s e  o f  nutr ients , chemicals , and s i lv icultur e 
methods to deve lop tree spec ies that g row more r apidly . 
The net ef fect on the env ironment will  depend on the 
a reas of the country involved , the types of nutr ients and 
chemical s used , and the eff ic iency of the i r  appl icat ion . 

Nutr ients and Chemicals 

The amounts of plant nutr ients and chemicals used i n  
agr iculture will  i ncrease because o f  a need for g reater 
produc t ion . The net quant i tat ive effec t  cannot be 
ant ic ipated because the current trend is toward deve lop ing 
mor e  spec ia l i zed chemicals for spec if ic uses , and becaus e 
g reater emphas is  w i l l  be placed on b iodegradab i l i ty and 
tox ic ity control . Wh i le the local effects of such 
chemicals on w i ld l ife may be g reater , the increase in 
biodeg r adabi l ity w i l l  r educe downstream effects . Thu s 
the net result of this trend may be a lower overall 
impac t on wildlife in estuar ies . 
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SPECIFIC EFFECTS OF AGRICULTURAL TREND S 

Water Use and Changes in F low to Coastal Waters 

Water use is  r e lated to i r r igat ion trends , wh i le chang e s  
i n  runoff depend o n  soi l preparat ion and management . 
Figure ll-3a shows the i r r igat ion water budget for th e 
Uni ted States and the Caribbean dur ing a normal year , 
wh i le F igure ll-3b shows the i r r igat ion water budget fo r  
the 1 7  western s tates dur ing a normal year . 

The data ind ic ate that trends i n  water use and the i r  
e ffects o n  e stuar ies may not be a s  s ignif icant i n  the 
East because of re lat ively h igh rainfall and re lat ively 
l i tt le i r r igat ion . Some trends ind icate that cur rent 
ag r icultural lands will not change much , wh i le othe r 
t rends suggest that the irr igat ion of ar id land in the 
West will be reduced as mor e farmland i n  the East i s  
brought into product ion . 

O n  the P ac if ic Coast ,  because of r ap id urban develop
ment i n  southern areas and substant ially greater r a i nfal l 
i n  the nor th , water d istr ibut ion prac t ices may damage 
wi ldlife habitats . Urban areas in southern Cal ifornia  
i n i t ially r e lied on the l imi ted amount of water ava i lable 
loca lly and on water from the Color ado River . Eventually ,  
however , these resources proved i nadequate , and now wate r 
i s  diver ted from nor thern to southern California by mean s 
of the California Aqueduct at a r ate of 7 . 5  b i ll ion l i te r s  
pe r day . Thi s  water comes from the San Joaqu i n-Sacramento 
r iver system and wou ld otherwise enter San Franc i sco Bay , 
thereby maintaining a habitat typ ical of the estuar ine 
i nter face between t idal salt water and f resh r iver water . 
The San Joaqu in-Sac r amento r iver system provides water t o  
i r r igate the fer t i le Sac r amento Valley area , but because 
of evaporation and the salinity of the r iver , the soi l  i n  
t he valley i s  becoming more saline .  The San Luis drainage 
system returns excess  ground water of h igh salin ity to 
S an Franc i sco B ay .  Sc ient ists be lieve that the present 
d iver s ion of r iver water to the south and the salty 
r eturn f low f rom the drainag e system are mak ing the San 
Franc i sco estuary more saline , thus chang i ng the 
e nvironmental balance of the bay . 

A ruling of the u . s .  Supr eme Cour t providing the stat e 
o f  Ar i zona with more water f rom the Color ado River may 
add to the problems of the San Fr anc i sco Bay system . 
This  ruling w i l l  r educe the amount of water avai lable for 
i r r igat ion and urban use i n  souther n  California , and 
s teps are be ing taken to i ncr ease the capac i ty of the 
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FIGURE 11- 3 I r r igat ion wate r budget , in millions of  
ac re- feet , at 1975 leve l of development for  ( a) the 
Uni t ed States and Car ibbean , and ( b) the 17 weste r n  
s tates ( Second N at ional Water Assessment ) . SOURCE : 
Adapted from u . s .  Depar tment of the I nter ior et al . 1979 . 

C al i fornia  Aqueduct to make up the d i fference . The net 
effec t  of all thi s would be to decr ease the freshwate r 
i nf low and increase the salinity r eturn f low to the bay 
area , and there i s  controver sy as to how much th i �  wi l l  
change the estuary . 
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S ome states , such as  Texas , have conduc ted stud ies on 
the fresh water r equ i r ements of estuar ies . S i nce all of 
t he s tate ' s  r iver systems but one or ig inate i n  the state , 
methods of controlling the f low of fresh water in Texa s 
e stuar ies c an be designed wi thout inters tate agreements .  

Dams on r iver s  also affec t  estuar i ne systems , althoug h 
i t  i s  d i f f icult to assess the i r  r eg ional or nat ional 
impact . Dams r etard nutr ient f low by causing settl ing i n  
r eservoi r s ,  and they may accelerate the biodegradat ion of 
chemicals because water in  r e servo i r s ' remains standing 
longer than normal running r iver water . The effects of 
dams on ag r icultur a l  trends , and hence on wildlife  
habitats , mer i t  future research cons ider at ion . 

Ther e  i s  substant ial controve r sy on the role of dam s 
i n  r egulat i ng r iver f low to estuar ies . Dur ing h igh 
rainfall , water may be stored beh ind a dam and late r 
r e leased to provide a more even r ate of r iver f low. Some 
sc ient i sts  th ink that estuar ies need the bur s t  of r ive r 
water that would otherwise r e ach them at t imes of 
intens ive rain . Othe r s , however , think that the mor e 
s table estuar ine e nvironment result ing f rom a more 
constant r iver f low benef i t s  estuar ies . 

Water Qua l i ty Changes 

Suspended So lids 

Soil  eros ion from u . s .  agr icu ltural lands averages over 
3 . 7  b i l l ion metr ic tons per year and on some lands may 
r each a s  h igh as 3 4  metr ic tons per hec tare per year , 
wh ich has an impact on estuar ies ( see Chapter 4 ) . I t  i s  
e st imated that the M i ss i s s ipp i R iver c ar r ies an average 
of 273 m i llion metr ic tons of suspended sol ids per year . 
There is  a general trend toward the use of such soil 
conservat ion methods as contour ing ,  r educed t i llage , and 
d r ip i r r igat ion that may r educe the annual loss .  F igure 
11-4 ind icates the areas where eros ion or sed imentation 
are  major problems . 

I f  the general trends toward eros ion control are 
rea l i zed ,  i t  is  est imated that the r educ t ion i n  the 
amount of soi l  lost through e ros ion would offset the 
amount of eros ion caused by an increase in the amount o f  
land used for ag r iculture ,  at least in  nat ional terms . 
Reg ional assessments of the amount of eros ion , however , 
may s t i ll show that i t  exceeds the amount of so i l  saved 
through eros ion control methods . I t  should also be note d 
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Explanation 

Area J)foblem 

D Area i n  which erosion or sedi mentation is  a signi ficant problem 

CJ Unshaded area may not be problem-free, but the problem was not 
considered major 

Nature of erosion or sedimentation problems 

e Cropland or rangeland erosion or sedimentation 

t Urbanization, m i n i ng,  or i ndustrial and highway construction 

• Natural erosion of stream channels 

• Shorel ine, streambank,  or gully erosion 

l / ' . . 

• Sedi mentat ion of farm ponds . lakes, water supply. and flood-control channel� 

Boundlrin 

-- Water resources reg i on 

- Subregion 

FIGURE 11-4 Eros ion and sed imentat ion problems . 
SOURCE : u . s .  Water Resources Counc i l  1978 . 

tha t a reduc t ion in  the amount of soi l  sed iment reaching 
e stuar ies may in some areas r educe nutr ient load ing and 
ther efore d iminish estuary produc t iv i ty . 

N utr ient Runoff 

The h igh cost of fer t i l i zers will requ i r e  the use of more 
eff ic ient applicat ion methods . Th i s  will  r educe the 
r unof f  of nutr ients . I f  such an effect occur s in  
estuar ies that have become eutroph ic ,  r educed runof f 
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should result i n  improvement . Bu t  i f  i t  occur s in a n  
estuary where nutr ients a r e  l imited , there would be a 
decrease i n  productivity .  

The total amount o f  n i trogen i n  r unoff from a n  aver ag e  
area (Vollenwe ider 196 8 )  i s  16 . 6  t o  2 8 . 1 kg/ha per year . 
O f  this , 2 . 3 to 5 . 8  kg/ha per year , or 13 . 8  to 2 0 . 6  
percent , comes from ar able land . The total amount of  
phosphor us i s  1 . 7 to 2 . 5  kg/ha per year , and 5 . 9  to  2 0  
percent comes from arable land . Nutr ient enr ichment 
p roduces a substant ial reduc t ion in the amount of 
d i ssolved oxygen in the water . 

About one third to one half of u . s .  food and f iber 
production is attr i buted to the use of fer t i l i zer s 
( Hobbie and Copeland 197 7 ) . Fer t i l i z�r i s  heavi ly 

applied to cultivated crops , par t icular ly in the coasta l 
p la ins of the southeastern and Gulf states , and these 
areas contain some of the mos t  extens ive estuar ies in  th e 
c ountry (McHugh 197 6 ) . 

The res idents ( par t icular ly suburbanites)  of large 
metropolitan areas adj acent to coastal waters  also use 
large quant i t ies of fer t i l i ze r s  (Hobbie and Copeland 
19 7 7 ) . Per hectare ,  the amount of fer t i l i ze r  used ofte n 
i s  much g reater than on agr icultural land . Usually these 
mate r ials are recyc led through munic ipal sewage treatment 
p lants , but dur ing heavy r a i ns some , i f  not all , of these 
wastes bypass the treatment plants and go d i r ectly to 
e stuar ies . 

The pr inc ipal effec t of fer t i l i zer r unoff from 
ag r icultur a l  f ie lds into estuar ine habi tats i s  
e utrophicat ion-- i . e . , i ncreased amounts o f  algae , 
increased biolog ica l oxygen demand (BOD) , instabi l i ty i n  
d issolved oxygen levels , and per iod ic f i sh k i lls . These 
impacts have been thoroughly documented for both 
f reshwater and saline water s ( L i kens 1972 ) . I n  coastal 
Lou i s iana the impac ts are exacer bated by the drainag e 
c ana l networ k ,  which d i scharges nutr ients d irectly into 
coastal lakes . 

P e s t ic ides and Herbic ides and Other Tox ic Substances 

Runof f is probably the s i ng le most s ignif icant cause o f  
pes t ic ide and herbic ide contaminat ion o f  sur f ace water 
f lowing into estuar ies . A pest ic ide may be adsorbed on 
e rod i ng soi l par t icles or suspended in runof f water , or 
both . Chlor i nated hydrocarbons , because they are 
per s istent and have low solub i l i ty i n  water , are usua l ly 
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transpor ted o n  soi l  par t icles . Organic phosphates ar e 
u sually more soluble than chlor inated hydrocarbons . 
Her b ic ides , par t icular ly the inorganic type , are h ighly 
soluble in  water . The greatest dangers from the runoff 
of soluble pest ic ides ex ist in  the per iod immed i ately 
followi ng  applicat ion , pr ior to the ir becoming adsorbed 
onto soi l  part icles . To some degree these dangers ar e 
u nder control in major ag r icultural areas because weather 
cond i t ions are closely observed to determine when 
pest ic ides are best applied (Li  197 7a , b) . However ,  rain  
does not a lways fall  when pred ic ted . 

Pestic ides , espec ially the more per s i s tent and tox ic 
ones , are more dangerous than plant nutr ients to 
anadromous f ish spec ies . I n  the 10-year per iod of 19 6 3  
to 197 2 , ag r icultur al pollut ion o f  all k inds  accounted 
for 7 . 8  percent of all f i sh k i lls : agr icultural 
pe s t ic ides accounted for almost two th irds of the k i l l  
caused by agr icultural pollut ion . Manure and s ilage 
dr a i nage k i lled about one third . Fer t i l i zer runof f 
accounted for only a m i nute por t ion of all f ish k ills ( L i 
19 7 7 a , b) . I t  can be assumed that when anadromous spec ies 
were present ( and that inc ludes a good par t of the year ) , 
they wer e  predominant i n  these k i lls . 

Shellf ish are par t icular ly vulnerable to tox ins 
because they cannot migr ate to escape pest ic ides , and 
c los ing the i r  shells is a l im ited protect ive device . 
She llf ish can survive br ief encounters with tox ins , bu t 
they c annot surv ive cont inued exposure above certain 
leve ls . Mor eover ,  the i r  bod ies can accumulate quant itie s 
of some · tox ic substances far i n  excess of the average 
amounts in the natural envi ronment .  Analysis  of 80 9 5  
samples o f  C rassostea v i rg i neca, c .  gigas , and Mercener ia 
mer cene r i a  for 15  organochlor ine compounds showed tha t  
DDT r es idues were ubiqu i tous ( Butler 197 3 ) . The max imum 
DDT res idue detected was 5 . 3 9 ppm . Dieldr i n  was the 
second most commonly detected compound , with a max imum 
res idue of 0 . 23 ppm . Endr in , Mirex , and polychlor inated 
b iphenyls were found only occas ionally . A c lear downward 
trend in DDT res idues in mollusks began i n  19 6 9 . At no 
t ime were the res idues of such magni tude as to cause harm 
to mollusk s ,  but they were large enough to pose a threat 
to other e lements of the biota through recyc l ing and 
mag n i f icat ion ( Butler 1973 ) . 

The effects of pes t ic ide on w i ldlife in the Uni ted 
States are d i f f icult ' to determine . Knowledge of urban 
and agr icultural r unof f i s  accumulat ing through stud ies 
of waste loads to estuar ies . In many areas , chemical s 
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from urban industry may have more s ignif icant effec t s  o n  
the e nvi ronment than chemicals carr ied into bod ies of 
water by ag r icultural runof f . There is a trend i n  
agr iculture toward the use o f  chemicals with g reater 
deg r adabi l i ty and toward mor e spec i f ic appl icat ion . I f 
t h i s  trend cont inues , one cou ld expect the harmful 
effects of chemicals on estuar ies to decrease . 

Other e ffects of ag r iculture on the qual i ty of water 
i n  e stuar ies may i nc lude the accumulat ion of heavy metal s 
u sed for trace nutr ient s ,  drainage of r iver bottomlands , 
chang ing stor age capac i ty ,  and runof f of l itter from the 
f orest f loor . 

O ngoing research may i nd ic ate the actual effects of 
chemicals on the food chai n .  Lou i s i ana is an exce l lent 
example area s i nce i t  has a maj or por t ion of the forested 
we tland habitats in the Uni ted State s . The Mississipp i 
R iver alluvial f lood plai n ,  i nc lud i ng the Atchafalaya 
Bas i n ,  was and st i l l  is the largest  cont iguous wet land 
area in the Uni ted S tates . Th i s  habi tat i s  undergoing 
r apid change (Turner and C r a ig 1981 ) . Plummer ( 19 7 9 ) 
l i sts some 5 3  pest ic ides u sed i n  Lou i s i ana ag r icultur e . 
These inc lude three major c lasses of pes t ic ides , each 
h av i ng d i st inc t i ve e f fects on the environment . 
Organochlor ines , for example , are s t i l l  be i ng used i n  
cotton , r ice , and soybean ag r iculture i n  Lou i s i ana . 
Organophosphate compounds are les s  per s i stent than 
organochlor ines , deg r ad i ng w i th i n  a few months , and they 
do not accumulate in the t i s sues of org ani sms that 
consume them . They are , however , h ighly tox ic to mammal s  
and inver tebrates . Carbonate s ar e s imi lar i n  struc tur e 
to org anophospates ,  but vary i n  tox ic i ty to mammals . 

Fung ic ides be i ng used i nc lude a broad range of 
c ompounds , both organic and i norg anic . Examples are 
f ixed copper , sulfur , Bordeaux , and Benomy l .  

A large number o f  organ ic her bic ides , such a s  d ini t r o
ana l i ne , d i n itrophenol , chlorophenoxy- subs t ituted urea , 
T r iaz ine , organic arsenicals , and Par aquat , are also i n  
cur rent use . 

Cor n ,  cotton , soybeans , r ice , sugarcane , and sweet 
potatoes are the major ag r icultur a l  products of the 
M i s s i ss ipp i River alluvial f lood p lain . To protect over 
5 . 7  million ha , pest ic ide s wer e  used on the three majo r  
c rops o f  the Southeast ( soybeans , cotton , and r ice )  a t  an 
aver age rate of 1 kg/ha per year . Th i s  f igure exclude s 
0 . 9  m i l l ion kg of defol iants , 2 . 4 mill ion kg of soi l 
fumigants , and unknown quant ities  of fung ic ide s ( Schm i t t 
and W inger 1980 ) . 
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Methy l par ath ion and EPN , both organophosphates , 
accounted for over one half of the total i nsec t ic ide use 
in  the r eg ion . Toxaphene , an organochlor ine ,  accounted 
for one third . 

The effects of these chemicals on the envi ronment are 
determ i ned by a number of fac tors ,  i nc lud i ng c l imate , 
so i l  type , hydrology , method of applicat ion ,  amount used , 
and t ime of year . An impor tant f actor i s  the inherent 
longevity of the compound i tself . Th i s  charac ter i s t ic i s  
moder ated by such external cond i t ions as pH , amount of 
r a i nfall , temper ature changes , and biodeg radat ion . 

Ag r icultural chemicals are tr ansfer red into the 
wet lands of Lou i s i ana by wind movements ( e spec ially 
chemicals spr ayed by a i rc r aft )  by be ing dissolved i n  
water runof f , and by be i ng i ncorpor ated i n  detr i tus 
car r ied by water . Most of the pestic ides that reac h  
aquat ic ecosys tems , though , a r e  those adsor bed o n  e roded 
soi l  (Bai ley et al . 19 7 4 , Woolh i se r  197 6 ) . 

An EPA s tudy of pes t ic ides and polychlor inated 
biphenyls i n  the Atchafalaya Bas i n  of Lou i s i ana (He r n  e t  
a l .  1979 ) repor ted no trace of org anophosphorus pest ic ides 
in the bas i n ' s  wate r or sed iments . Nor were the 
pe r s i stent org anochlor i nes , such as benzene-hexachlor ide , 
Captan , Dachtal , Endosu lfan , Endr in , or Toxaphene ,  
detec ted . But DDT , banned i n  1972 , was detec ted i n  7 8  
sample s  o f  bottom sed iments ,  and samples taken near 
ag r ic u ltural areas showed concentr at ions as h igh as 150 
par t s  pe r b i l l ion (ppb) . 

P e st ic ides at low or undetectable concentrat ions i n  
aquatic systems c a n  result i n  extremely h i g h  leve ls  i n  
a n imals . Aldr in and D ie ldr i n  were not detec ted by the 
Atchafalaya Basi n  study i n  any water sample and wer e  
found in only one sed iment sample , but two th i rds o f  the 
f i s h  sampled contained one or both pest ic ide s .  Wate r 
s amples showed a max imum Toxaphene concentrat ion of 0 . 0 1 
ppm , whi le f i sh t issue s  contai ned over 10 0 ppm of 
Tox aphene , a 10 , 00 0- fold concentrat ion . Thus although 
Endr i n ,  Dieldr i n ,  and Chlordane were banned from 
ag r icultural use i n  1 9 7 5 , s ignif icant leve ls continued to 
be found i n  the wi ld l i fe of the bas i n .  

Applicat ions of a s  l it tle as 0 . 0 2 t o  0 . 06 kg/ha o f  DDT 
have c aused dec l i ne s  in populat ions of shr imp , amph ipods , 
c rayf i sh , i sopods , annelids , f i sh , f idd ler crabs , and 
blue crabs in aquat ic systems (Woodwe ll et al . 19 6 7 )  • 

These dec l i nes are often caused by spec tacular d ie-of f s , 
wh ich d i s r upt food chains and ecosystems . I nspect ion of  
seve r al spec ies of f ish that suffered mass mor tal i ty i n  
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the ear ly 19 6 0 s  i n  south Lou i s iana showed letha l 
concentrat ions of the pes t ic ide End r i n  i n  the ir t issues 
(Blus et a l .  197 9 ) . Her bicides such as Tr iaz ine have 
been shown to act at the base of the food cha i n  by 
destroy i ng macrophytes , f i lamentous algae , and severa l 
spec ies of i nver tebrates ( Scorg ie and Cooke 197 9 ) . The 
ramif icat ions of producer and herbivore destruct ion 
extend to all troph ic levels of the ecosystem .  

Pest ic ides may reduce wildlife populat ions by 
i nter fer i ng with the i r  reproductive processes as wel l .  
There i s  evidence implicating DDT and Endr in in  the 
dec l i ne of the Lou i s i ana populat ion of brown pel icans i n  
the mid-19 7 0 s .  Org anochlor i nes  may be l inked to the 
thinning of egg shells and reproduct ive fa i lure ( Blus et 
a l .  197 9 ) . 

An i ncreasing ly urgent problem i s  the rapid i ncrease 
in pes t  populat ions resistant to control by ex i s t i ng 
pest icide s .  Lethal compounds applied to pests are agents 
of selec t ion . The more lethal the agent and the more 
f requently the populat ion i s  exposed , the more rap id is 
the development of res istant strains of pests . Newsom 
( 19 7 2 ) repor ts that the development per iod can be as 
short as 4 year s ,  and that in  some cases ( for example , 
the r ice water weevi l  and the soybean looper ) ,  no known 
i nsec t ic ide will effec t ively control the insec t . The 
adopt ion of IPM and result ing dec reased use of pestic ides 
may s low down the selec t ion process and , although not 
• el iminating •  the pest in the shor t term , extend the 
effec t ive l ife of the pes t ic ide . 

Coastal Land or Estua r i ne Use Mod if icat ion 

Conve r sion of Habi tats to Ag r icultural Use 

A compar ison of the net rate of wet land convers ion for 
d i fferent areas is shown in Table 11-3 . From 1849 to 
1934  the loss r ate was est imated at about 0 . 10 percent 
annually , assuming that 3 million of the or ig i nal 4 . 6 
m i l l ion ha had already been rec laimed by 1849 . For 1 9 6 4  
t o  19 7 4 , t h e  r ate was 1 . 3  percent per year for Louis iana 
a s  a whole . I n  compar i son , the annual convers ion rate 
for coastal swamps and marshes in Lou i siana was 0 . 4  
percent per year and 0 . 5  percent for all u . s .  coastal 
wetlands . It was 2 . 1  percent per year for the 
M i s s i s s ippi R iver alluvial f lood plain , where most of 
Lou isiana ' s  forested wetlands are located (Turner  and 
C r a ig 198 1) . 
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TABLE l l-3 Wetland Loss Rates for i n  Lou i s iana Compared 
with Those for the United State s 

Miss i s s ipp i  R i ve r  Alluvial 
F loodplain (MRAF) 

Loui s i ana for es ted wet land 
S tate total 
MRAF on ly 

Coastal wetlands of the 
U n i ted States 

Lou i s iana coa s tal swamps 
and mar shes 

SOURCE :  Turner and C r a i g  1 9 8 1 . 

Percent Rema in ing Lost 
Annually ( i nterva l )  

2 . 1  ( 19 6 7 - 1 97 7 )  

1 . 3  ( 19 6 4 - 1 97 4 ) 

1 . 9 6 ( 19 6 4 - 1 9 7 4 ) 

0 . 5  ( 19 5 4 - 1 97 4 ) 

0 . 4  ( 19 5 4 - 1 97 4 ) 

Conver s ion of River Bas ins Bottomland hardwoods ar e 
dom inant tree spec ies that g row on soils that ar e 
moi sture- saturated or i nundated dur i ng  par t of the year . 
They inc lude oak-gum-cypress and elm-ash-cottonwood a s  
the dominant t imber assoc iat ions . Cottonwood , willow , 
ash , e lm ,  hackber ry , maple , beech , sycamore , and 
sugarberry are cons idered minor spec ies . Surveys by the 
Fore s t  Serv ice prov ide a bas i s  for determining the 
present status and r ecent changes in the extent of 
bottomland hardwoods in the southeastern United States . 
From the 1960s to the 197 0 s , the annual net loss of 
fore sted bottomland& in the 12 southeastern states wa s 
about 170 , 00 0  ha.  From the 1950s to the 1970s  the loss 
rates in  eac h  state generally approached l percent pe r 
year . A major dec l i ne in  forested bottomland acreage 
occurred i n  Ar kansas , Georg i a ,  Lou i s iana , Mi ssissippi , 
M i s sour i ,  Nor th Carol ina , and Virginia (Turner et  al.  
19 8 1) . 

The reason for the changes was that farme r s  ant ic ipated 
economic ga ins from the conve r s ion of these bottomland& 
to crop product ion . Land drainage , f inanced pr imar i ly by 
the federal government , st imulated fur ther land clear ing 
( Turner e t  al. 1981) . 

I n  Lou i s iana , as we ll as i n  the rest of the f lood 
plain , f lood control , bank stabil i zat ion , and ag r icultura l  
d r a i nage proj ects have resulted i n  the convers ion of 
about 7 . 3  million of the or ig inal 9 . 3  million ha o f  
forested wetlands t o  other uses (Gi ll 1973 , Bragg and 
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Tatschi  197 7 ) . Mo s t  o f  th i s  land has been transformed 
i nto farmland , pr imar i ly for soybean and cotton 
cult ivat ion (Ster n i t z ke 19 7 6 , MacDonald et al . 19 79 ) .  
The net economic return  per hec tare i s  reported to be 2 
t imes h igher for farmland than for forest (MacDona ld e t  
al . 1979 ) . However ,  crayf i sh farms i n  combi nat ion with 
forested wet lands may be economically competit ive with 
f armland (Gary 197 4 ) . 

O f  the or ig i nal 4 . 5  m i l l ion ha of forested wetlands i n  
Lou i s iana , about 4 9  percent remain . Most  o f  the habita t 
losses i n  Lou i s i ana have been within the Mississ ippi and 
Atchafalaya r ive r drainage basins . The major i ty of these 
losses have occurred in order to i nc rease ag r icultural 
production and are c lear ly permanent (Turner and Craig  
1 9 8 1 ) . 

Lou i s iana i s  now los i ng about 3 6 , 00 0  ha of forested 
wetlands annually , or 1 . 3  percent of the rema ining area . 
MacDonald et a l .  ( 19 7 9 ) have shown that thi s  r ate of 
change increases in  dry year s , when bottomland& can be 
c leared of trees more eas i ly .  The most recent r ates of 
net los s are h igher than ever . I f  cont i nued , one half o f  
t he remaining area w i l l  be lost by the year 20 0 5 .  S i nce 
the last Forest Serv ice survey i n  1974 , about 10 percent 
of  the rema ining forested wet lands has been conver ted to 
some other ecosystem , pr imar i ly ag r iculture . Ther e i s  
e very i nd icat ion that a dramat ic policy change i s 
necessary to reverse this  long-term trend (Turne r  and 
C r aig 198 1 ) . 

The impacts of bottomland c lear i ng  have been documented 
i n  several recent repor ts . Among these impacts are the 
following : 

1 .  Deter iorat ion of water qua l i ty because of increased 
eros ion from the cleared f lood plain (Livingston 19 7 8 ) 
and because the forest no longer ex ists to serve as a 
k i nd of f i lter , remov ing nutr ients , sed iments ,  and 
agr icultural tox i ns from f lood water s  and from r unoff 
across the f lood pla i n  (Kemp 19 7 8 , Mitsch et al . 19 79 ) . 

2 . S tream f low instabi l i ty because the r ipar ian 
forest ac ts a s  a reservoir dur ing f loods , relea s i ng wate r 
s lowly as the stream returns to normal levels . Gosse l i nk 
et al . ( 19 8 la)  estimate that the forests of the 
M is s i s s ipp i River alluv i al f lood plai n  h i stor ically had 
the capac i ty to stor e a volume of water equ ivalent to 6 0  
days o f  d i scharge o f  the Miss i ss ippi River . Because of 
channe l i ng and levees ,  th is has been r educed to about 1 2  
d ays of f low. Th i s  change i s  impor tant to downstream 
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areas . I t  means r iver stages a r e  h ighe r  for a g ive n 
d i scharge r ate dur i ng f loods and lower dur ing low-water 
pe r iod s  ( L ittlejohn 19 77 ) . 

3 .  Reduct ions i n  the movement of org anic mater ials , 
wh ich are potent i a l  food for downstream aquat ic organism s  
( Mu lholland and Kuenzler 197 9 ) . 

4 .  Loss of habitats for birds , mammals , and fo r 
spawning f ish (Gosse l i nk et  a l .  l9 8 lb) . 

Conver s ion of Coastal Wet lands Proj ect s to rec la im 
mar shlands for ag r icu ltural purposes i n  Lou i s i ana reache d  
a p e a k  between 1 9 15 and 1920 . The major i ty o f  these d id 
not last because of poor dr a i nage , deter ior at ion of 
levees , seepage , and the shr i nkage and ox idat ion of 
organic soils . The mar she s of the Lou i s i ana coastal zon e 
have numerous 'rectangular lakes document i ng these 
f a i lures (Gag l iano 197 3 ) . Conve r s ion of wetlands to 
ag r icultur al land s t i l l  occur s ,  however .  I n  Baratar i a  
Bas i n ,  Lou i s iana , approx imate ly 8 0 0 0  ha o f  mar shland wa s 
r ecently conver ted to ag r icultural land (Adams et  al .  
19 7 6 ) . 

Wet lands i n  F lor ida have also decreased i n  extent 
dr amat ically in thi s century , due to conver s ion to 
ag r icultural land . I n  gener a l ,  the effec t  has been 
dec reased f isher ies and fewe r hab i tat areas for water fowl . 
I n  the upper S t .  John ' s  R iver bas i n ,  water fowl populat ions 
have dec l i ned so substant ially that the Flor ida F ish and 
Game Commiss ion no longer bothe r s  to count the r emaining 
bird s .  F i sh populat ions were measured twice a year 
dur i ng the ear ly 197 0 s  i n  i solated mar shes and in mar shes 
close to large pastures .  F ish i n  unaltered areas 
amounted to about 220 kg/ha , but there were only 5 to 10 
kg of f i sh per hectare i n  mar shes adj acent to improved 
pasture ( Flor ida F ish and Game Commiss ion 1972 ) .  

I n  the Chenier Plain  of Lou i s i ana , ag r icultur a l  
act iv i t ies take p lace i n  areas that were forme r ly 
wetland , r idge ,  or upland forest . Over 8 0  percent ( 7 0 0 0 
h a )  of the i ncrease i n  ag r icultural area s i nce 1952  has 
resu lted from draining natur a l  and impounded wet lands . 
Most of the land currently in ag r iculture was be ing 
farmed many year s before 1952 . These farms wer e 
or ig i nally e stabli shed on the pr a i r ies of the Chen ier 
P l a i n , then on c leared upland forests , and f inally on 
d r a i ned wetlands . At the same t ime ,  ag r icultur al land 
has been taken over for urban uses . Between 19 5 2  and 
1 9 7 4  there were no changes in this patte r n �  that i s ,  no 
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ag r icultural land rever ted to natural wet land s  or upland s 
(Gossel ink et al.  1979 ) . 

The impac ts of wetland convers ion to other purposes 
are wel l  documented . Major effects are as follows : 

1 .  D irect loss of wetland habi tats for f ish and 
wi ldlife . Both nutr ia and musk r ats are commerc ially 
harvested in Louis iana . Although fur harvests are 
histor ically var iable , there has been a f a i r ly sharp and 
persist ing dec l ine in  harvests of nutr ia and muskrats 
s i nce about 197 2 in  Louis iana , wh ich i s  the major 
domestic fur-produc ing state (Gosse l ink et al. 1979 ) . 
The reasons for the decline are d i f f icult to ident i fy 
w i th certainty , but one i s  the d isrupt ion of habitat . 
Virtually all commerc ial f ish spec ies on the Gulf Coa s t  
are dependent o n  mar shes as nursery g round s .  Turner 
( 19 7 7 ) has shown a d ir ec t  relationship between mar sh 
nur sery area and shr imp yields wor ldwide . Fresh marshes 
appear to be j ust as impor tant as salt mar shes to thi s 
relat ionsh ip . 

2 .  Reduct ions in  the movement of nutr ients between 
wet lands and estuar ies . Mar shes send large amounts of 
organic matter to adj acent estuar ies . Th is  org anic 
matter is believed to be important in estuar ine food 
c hains . Marshes also buffer the f low of nutr ients 
between uplands and estuar ies and act as a sink for 
n itrogen and sulfur (Gosselink et a l .  197 4 ) . 

3 .  Changes in  drainage patterns and flooding becaus e 
o f  the network of ar t i f ic ial canals necessary to farm 
wetlands . The extens ive networ k of ag r icultur al  cana l s  
h a s  been documented by Gae l  and Hopkinson ( 19 79 ) , Bed ient 
( 19 7 5 ) , Gosselink et a l .  ( 19 7 9 ) , and other s .  The ir 
impacts are d iscussed be low under channe l i zat ion . 

I n  add i t ion to these impacts , the convers ion of 
wetlands to r ice f ields in  southwest Lou i s i ana and 
easte r n  Texas has caused changes in water fowl habitats . 
Before the 1970s , snow geese winte r i ng in Lou i s iana and 
Texas wer e  found mainly i n  coastal mar shes . As r ice 
c ult ivat ion subsequently increased , large number s  of 
bi rds that had wintered in  eastern Lou isiana shifted t o  
r ice f ields i n  the western and northern parts o f  the 
state (Be llrose 197 6 ) . I n  general , i t  i s  thought tha t 
the loss of mar shlands as wildlife habi tats has been 
par tially offset by the development of r ice cult ivat ion 
( D illon 1957 ) . Reservo i r s  used to provide water for r ice 
f i�lds provide habitats for winte r i ng water fowl , such as 
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birds d isplaced by the c lear ing o f  bottomland hardwood s 
( L i nduska 1964 ) . Waste r ice lef t  after harvesting is  an 
impor tant food source (Di llon 195 7 ) , espec ially i n  wet 
year s when the g rowth of mar sh g rasses and sedges dec l i nes 
(McG inn 196 3 ) . Fulvous wh istling ducks near ly always 
rest  i n  r ice f ields i n  Lou i s i ana ( L induska 1964 ) .  Many 
geese now winter exc lus ively in r ice f ields , catt le 
pastures , and other ag r icultural lands ( Lynch and 
Sh i ng leton 1967 ) . Thi s  i s  a pos i t ive development in tha t 
the loss of certain habi tats has been succeeded by the 
cre at ion of other s that offer a dependable source of 
food . But it i s  negat ive in  that it  encourages large 
concentr ations of bi rds , result ing in crop damage and 
eventually in attempts to control the birds , wh ich come 
to be cons idered pests . 

C hanne l i zat ion 

C hanne l i zat ion has been wide ly used in coastal Lou is iana 
to a id in the drainage of ag r icultural f ields . Channe l
i zat ion refers to two types of act ivit ies . The f irst i s  
the dr edg ing of new canals , and the second i s  the 
deepening and s tr a ightening of natural streams . In both 
case s , deep and hydrolog ically eff ic ient water courses 
are formed . In add i t ion , dredged spoil i s  placed 
along s ide the channel . Th i s  spo i l  mater ial forms a 
con t i nuous bar r ier that impedes the movement of water 
between the waterway and adj acent wet lands . Thus 
c hanneli zat ion in coastal Lou i s iana has had two general 
consequences . The channels have speeded the f low of 
upland r unof f to coastal bod ies of water , and the 
exchang e  of water between wetlands and water bodies ha s 
been reduced . I n  ear l ier t imes , most upland runoff 
f lowed through wet lands before reaching estuar ies . 

The impacts of channelization are becoming 
i ncreasing ly well under stood and i nclude the following : 

1 .  Along with the c lear i ng of forests , channeli zat ion 
has increased the volume of runof f . For example , it i s  
e st imated that r unoff f rom the uplands sur round ing the 
upper Bar atar ia Bas in  w i l l  i ncrease by 4 . 2  t imes betwee n 
1 9 7 5  and 199 5 . Nutr ient runof f will i nc rease by 2 8 
percent for nitrogen and 16 percent for phosphorus 
( Hopk inson and Day 1980 ) .  A s im i lar f ind i ng of i ncreased 
runof f has been shown for the Lake Pontchartrain Bas in  by 
Turner and Bond ( 198 2 ) . 
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2 .  Upland runof f throug h  channels leads t o  an increase 
in nutr ients i n  estuar ies downstream .  Th is has caused 
widespread eutroph icat ion in estuar ine bod ies in Lou i s iana 
( C r a ig and Day 1977 , Seaton and Day 1979 ) . Gae l and 

Hopki nson ( 19 7 9 )  showed that eutroph ic cond it ions in th e 
Baratar ia Bas in were related to channe l dens ity .  

3 .  The direc t i ng of upland runoff i nto canals and th e 
r educ t ion of water exchanges because of spo i l  banks have 
reduced the possibi l i ty that upland runof f will  be 
affected by ove r land f low . Studies have shown that 
signif icant amounts of suspended par t icu late matter , 
n i trogen , and phosphor us are removed if  upland r unoff 
f lows through wet lands (Kemp 19 7 8 , Hopkinson and Day 
1 9 8 0 ) . Th is over land f low can also lead to i ncreased 
wetland productivity (Conner et al . 198 1 ) . 

4 .  The decrease in water exchange caused by spo i l  
banks c a n  also lead t o  decreased wet land productivity . 
Conner and Day ( 1976 ) have shown that swamp productivity 
i n  the southeastern United State s  i s  re lated to water 
exchange . Conner et a l .  ( 19 8 1 )  repor ted that the 
productivity rate in a semi- impounded swamp in the 
Baratar i a  Bas in was 50 percent lower than the rate of 
productivity in an adj acent swamp . The water exchang e 
was substant ial.  

5 .  Channeli zat ion can affec t  the s i ze of  furbearer 
populat ions . Gray and Arner  ( 19 7 7 )  found that furbeare r 
populat ions were s ignif icantly lower i n  channe l i zed 
sect ions of the Louxapal ila River in Mississippi and 
Alabama than in an unchannel i zed section .  Th i s  was true 
even in a sect ion channe l i zed 5 5  year s before the study . 

6 .  Spo i l  banks reduce the movement of nutr ients and 
sediments into wetlands and allow mor e rap id saltwate r 
i ntrus ion (Cr a ig et al . 197 9 ) . 

7 .  Spo i l  banks make wetlands less able to absor b 
f lood waters . A study by Hopki nson and Day ( 19 8 0 ) 
ind icated that an unchanne li zed swamp can carry a g reate r 
f lood d i scharge at lower s tages than one with 
channe l i zat ion . Because the spoi l on stream bank s 
conf ines water to the channel , water from the stream 
cannot f low ove r wet lands . 

8 .  Streams draining wetland water sheds expor t more 
organic carbon than those draining upland water sheds . 
When a wet land drainage stream i s  channe l i zed , i t  takes 
on the character i st ic s  of an upland drain ing stream 
( Mulholland and Kuenzler 1979 ) . 
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Gr a z i ng 

Cattle g r a z i ng i s  a wel l-establ ished prac t ice on wetlands .  
The r apid plant g rowth and large area make these areas 
attract ive for year-round g r a z i ng .  The one impor tant 
cr i ter ion for g r a z i ng cattle on marshland is the abi l i t y  
of these soft soi ls  t o  support the we ight o f  the cattle . 
Chabreck ' s  ( 1964 ) study of cattle g r a z i ng preferences on 
d i f fe rent marsh e levat ions showed that cattle spent half 
of the i r  t ime on • h igh•  mar sh ( f irm,  we ll-drained soi l 
w i th spar se vegetat ion) and half on • intermed iate• and 
• 1ow• mar shes ( soft moist  soi ls , open bod ie s  of water ) .  
Documented g r a z i ng impacts are as follows : 

1 .  Grazing changes the vegetat ion o f  the natura l 
a re a .  I t  sets bac k p lant success ion i n  much the s ame way 
as cultivat ion and burning . When cattle crop the tal l 
rough vegetat ion , they create opening s  for the g rowth of 
annual g r asses . 

2 .  Gr azed areas are charac ter i zed by short sparse 
vegetat ion , usually composed of minor spec ie s . The 
trampling of the sof t soils by c att le of ten has as much 
effec t  as actual  g r a z i ng in br ing ing about thi s  change . 
I ndeed , the process of r evegetat ion takes longer after 
compac t ion caused by trampling and f lood i ng (Chabrec k 
196 4 ) . 

3 .  The removal of plants w i th h igh forage value by 
cattle means that wi ld l i f e  are lef t  with the nonpalatabl e 
types of vegetat ion . 

4 .  L ight or moder ate g r a z i ng encourages the growth of 
cer tain plants that provide valuable food for wildli fe  
(Chabrec k 1964 , Neely 196 7 ) . Opening areas for annual 

grasses and removing compe t i t ive spec ies create seed 
s tock and food mater ials for water fowl and furbearers . 

Aquaculture 

I t i s  doubtful that upland aquaculture will have any 
effec t  on estuar ine habi tats . Aquaculture shou ld resul t 
i n  l i ttle loss of water , and return f low will  be absor bed 
through normal downstream proces se s .  

Aquaculture w i l l  be de layed unt i l  the industry i s  
integ r ated with regulatory restr ic tions . A t  present , 
land costs are excess ive for eff ic ient economic g ain and 
wet lands are protected by str ict federal permitt i ng 
r equ i rements . The viable i nc rease i n  aquaculture may be 
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somewhat restr icted t o  areas devoted t o  cool ing water o r  
pond ing for water treatment purposes . Thi s  land i s  
ded icated t o  water use , and the cost of levy developmen t 
i s  already spent . Mod if icat ions may be with in economic 
j us t i f ication .  

Aquaculture technology i s  r apidly gaining momentum.  
In  the Nor thwest , salmon and trout cultivat ion i s  
becoming economically advantageous .  I n  the South and 
Southeast , oyster cu lture has been economically viable 
f or many years in  leased bottom water s trad i t ionally 
ded icated to thi s  purpose . Crayf ish can be cult ivated i n  
r ice f ields with l ittle or no effect on estuar ine 
hab itats . Crayf ish culture i n  wetlands where d i k i ng i s  
r equ i red ,  however ,  would be environmentally damag i ng .  
Shr imp culture i s  a viable technique that provides good 
y ields , in  warm estuar i ne areas , providing that ded icated 
water s  are ava i lable at reasonable cos t .  

Oyster c ulture has been prac t iced for more than a 
century (Van S ic k le et a l .  1976 , Hofstetter 197 7 ) .  The 
harmful effects of oyster bottom culture as pract iced on 
the Gulf Coast are minimal (He r ke 1976 ) , and the pos it ive 
e f fects are s ig n i f icant . Oyster cult ivat ion involves 
supplying culch , which provides a substrate where 
naturally produced larvae can set and matur e .  At oyster 
matur i ty ,  the beds are harvested by dredg ing . Oyster s 
are produced us i ng s im i lar techniques i n  estuar ies of the 
Nor theast and Northwest wherever adequate wate r 
e nv ironments are ava i lable . 

Unlike oyster culture ,  the cult ivat ion of crayf ish and 
catf i sh constitutes a potential threat to wetlands . 
Although catf ish can become acc limated to brac k i sh water 
(Allen and Avault 197 0 ) , the soi l  required for pond 
construct ion (Davis  and Hughes 197 7 ) generally means that 
catf i sh are not farmed in coastal areas . Where they are , 
however ,  pond eff luents drain i nto coastal water s .  These 
effluents are sources of pollut ion (Hinshaw 197 3 )  because 
o f  wastes from f ish feed (Mac et a l .  197 9 ) , d i sease
management-related compounds ( Schnick and Meyer 19 7 9 , 
Table 1 ) , and eutroph icat ion of pond waters ( H i nshaw 
197 3 ) . For instance , Fi nucane ( 19 6 9 )  reported the tox i c  
e ffec ts of Ant imyc in on mar ine habi tats .  Effluents f rom 
catf i sh farms are of such g reat concern that leg islation 
has been introduced (Wi lliams et al. 197 7 ) . 

The impac t of crayf ish farming on wetlands depends o n  
whether the crayf i sh a r e  g rown i n  naturally vegetated 
ponds , as in r ice culture , or in swamp forest (Gary 
197 4 ) . The construct ion of naturally vegetated ponds 
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usually involves the conver s ion o f  swamp o r  freshwate r 
mar shes . The devegetated ponds , separated hydrolog ically 
from sur round ing wetlands , no longer exchange nutr ients , 
s tor e excess storm water s ,  or provide habitats for nat ive 
biota . 

wetland forests managed as crayfish f arms are 
subj ec ted to mod i f ied f lood i ng that mimic s the seasona l 
f lood ing of r ipar ian wetlands . These forests change 
compos i t ion toward typical bottomland hardwood s ite s 
( Conner et  al.  1981) , and normal wetland func t ions are 

mod i f ied (Gosselink et al . l9 8 la , b) . Pai lle ( 1980 ) 
showed how crayf ish product ion and predat ion change under 
these c i rcumstances .  

Cult ivat ing crayf i sh w i th r ice presents few problems 
to estuar ine habi tats , othe r than those inherent in r ice 
c ulture i tself . In f ac t ,  the need to mod ify the use of 
pes t ic ides on r ice to avoid poisoning the crayf ish 
p robably leads to a better environment . The problem of 
pes t ic ide use in  r ice-cr ayf ish operat ions i s  d i scussed by 
Hyde et al. ( 19 7 2 ) , Cheah et  al. ( 1980 ) , and Jolly et al. 
( 19 7 6 ) . 

Local Runoff f rom Agr icultur al Land 

Very l i ttle informat ion is ava i lable on the d irec t  effec t s  
of local agr icultural r unof f  on estuar ine hab i tats . I n  
some ar id areas there may be increased salin ity due t o  th e 
leaching of soils dur ing runoff .  I n  dense crop areas , 
pest ic ide s and herbic ide s may affect habitats .  S i lt ing , 
f illing , and delta format ion f rom channeli zed r unof f  may 
reduce estuar ine areas or change the i r  general biolog ical 
balance . Changes i n  forest management may reduce l itter 
and thus the movement of organic matter into the 
e stuar ies . There are insuff ic ient data to analyze these 
impacts , however .  

RESEARCH NEEDS 

I norganic and organic loads on estuar ies mus t  be 
mon itored . Cont inued research to determine the · effects 
of agr icultur al trends on the country ' s  estuar ies should 
be suppor ted . All estuar ies are impor tant . Therefor e 
what goe s  into them should be known and analyzed . 

Aquatic and estuar ine resources for aquaculture 
should be evaluated . As f i sh ing pressures f rom spor t and 
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commercial interests inc rease , f i sh resource s w i l l  
d ec l i ne .  Th i s  decline could be offset by a g radual 
trans i t ion to i ntens ive aquaculture . Thi s  trans ition 
w i l l  require a reevaluat ion of aquat ic and estuar ine 
resources and will invoke a change from establ ished 
t r ad i t ion . Th i s  will be a ser ious problem that may 
affec t  the natural habitat , if not now , i n  the near 
f utur e .  

Research o n  the cor rec t  balance between the use 
of pest ic ides and her bic ides and the ir  harmful effects i s  
needed t o  permit the use o f  these mate r ials for ag r i
c ultural product ion at leve ls compat ible with the 
environment of estuar ies . 

• Any r egulat ion of upland agr icultural pract ices 
should be based on knowledge of ag r iculture ' s  effects on 
wate r quant ity and quality in estuar ies downstream .  

• Analys is  o f  ecosystems shou ld be under taken to 
determine where ag r icultural trends can be r e lated to 
wate r quant i ty and quality ,  changes dur ing f low , stor ag e 
i n  lakes and dams , and r iver d i scharge i nto estuar ies . 
River  systems and the combined ag r icultur al act iv i t ie s  i n  
t he i r  drainage areas are too compl icated to evaluate , 
however . Therefore data on r iver d i scharge to estuar ie s 
are necessary to unde r stand and pred ict effects f rom 
upland ag r icultural  trends . 
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Appendix A 
Major Trends in Agricultural Land Use 
by Geographic Regions 

Append ix A summar i zes by geog r aph ic reg ions the major 
t rends i n  agr icultural land use ident i f ied by the 
Comm ittee . Any pred ict ion is based on informat ion 
ava i lable at a spec i f ic t ime , and therefore i t  r epresents 
a s i ng le per spec t ive on a dynamic process . Actual futur e 
events and the i r  t iming will ref lect a complex 
inter act ion of economic , soc ial , and pol i t ical forms , 
c hanges i n  sc ience and technology , and how i nformat ion is  
interpreted and adopted . Prognost icat ion i s  hazardous , 
but i f  forecasts are viewed w i th appropr iate caut ion , i t  
can be helpful i n  suggest ing at least the d irect ion , i f  
not the magnitude and t iming , of change . 

2 9 5  
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APPENDIX A 

cropland and 
forage 

Pastures 

west NOr theast 
Pac i f ic Mounta i n  

l .  some i nc rease i n  land 1 . Mode st i nc rease in l .  cont i nued g r adual 
reduc t i on i n  c ropland 

and forage ac reage 
Inc r eased seasona l 

vegetable produc t ion 

cropped area dry-fa rmed as 
r angeland i s  conver t-2 .  M inor i nc reases i n  

i r r igated land ed to cropland 2 .  
3 .  Mor e  double c ropp i ng 2 .  Mode st i ncreases in 

area dry-fa rmed as 

i r r igat ion becomes 
and inter plant ing 

4 .  Reduced wate r appl ica
t ion per hec tare ; 
mor e  spr i n k l e r  and 

too costly i n  spec i f ic 

a r eas 

d r i p  i r r igat ion ; 3 .  Less fallow acr eage 
i n  some reg ions and 
plan t i ng of h igh
value , low-wat e r -

better prepa r a t ion of 
land for i r r igat ion 

1 .  smal l  i r r igated 
pastures deve loped 

in conj unc t ion w i th 

rang e land 

2 .  Improved dry land 

pa stures on su i table 
s i tes shou ld 

i ncrease 

consuming crops 
4 . LOc a l i zed expans ion i n  

supplemental 
i r r igat ion 

1 . Improved d ryland 
pastures on s u i t 

able s i tes shou ld 
i nc r ease 

1. Dec l i ne i n  pa sture 
ac reage 
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Rangeland 

Forests 

We t lands and 

aqua t i c  uses 

we s t  
Pac i f ic 

1 . I r r igated plot s i n  
range a reas to 
improve output 
f rom all feed areas 

2.  More i nten s i ve use 
by all use r s , 
par t ic u l a r ly 
g r a z i ng 

3 .  More i nve s tment in  
i mprovi ng rang e land s  
f o r  g r a z ing by 
clea r i ng , water 

development , fenc
i ng , and seed i ng ; 
extent depe ndent on 

gover nment pol icy 

1 .  Mor e  i ntens ive farm
ing of private 
fore s t  land s  w i th 

i mproved spec ies 

and pr actices 

2. More chemical 
appl icat ion as 
f er t i l i ze r s  and 
pe s t ic ides 

Mounta i n  

1 .  SOme r ange land on 
h ighe r qual i ty 

soi l s  w i l l  be con
ve rted to c rop 
produc t ion 

2 .  More intens ive use of 

r ange , both publ ic 
and pr ivate 

3. More i nve s tment in 
improvi ng rangelands 

for g r a z i ng but 
extent depend s on 

gove rnment policy 

1 . More intens ive 

management of 
pr ivate forests 

2.  More chemical 
appl ication as 

fert i l i ze r s  and 
pestic ides 

1 .  Some f u rther 
d r a i nage of 

pra i r i e  potholes 

NOr theast 

1. Inc reased u t i l i zat ion 
of hardwood s for a 

wide r ange of 
purposes 

2 .  Cont i nued lack of 

adequate management 
of forests 
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APPENDIX A (conti nued ) 

cropland and 
forage 

Pa stures 

NOrth Central 
Nor the r n  Pla ins Lake S tates Cor n  Be l t  

1 .  

2 .  
3 .  

4 . 

5 .  

1 .  

2 .  

I ncreased ave r age 
cropped 

Le ss t i l lage 

LOC a l i zed expans ion 

of supplemental 
i r r igat ion 

SOme swi tch to 
h ighe r value c r ops 
on spec i f ic s i tes 

some add i t iona l 
fe r t i l izer  and 
expanded appl icat ion 

of he r b ic ides 

1. Que st ion reg ional crop 1 .  

d ive r s i f ication ,  i f  
Que st ion reg ional crop 

d ive r s i f icat ion , i f  
not o n  i nd iv idual 
farms 

not on i nd iv idual 
farms 

2 .  Extens ive i nc r ease 2 .  Extens ive i ncrease in 
supplemental 

i r r igat ion 
i n  supplemental 

i r r igat ion 

3 .  Red uced t i l lage and 3 .  Reduced t i l lag e and 
greater use of 

herbic ides 

greater use of 
herbic ides 

4 . Fe r t i l i ze r  cont i nued 
at h ighe r leve l s ,  

pest ic ides 
dec l i n i ng sl ight ly 

5. Inc reased double 

cropp i ng and 

intercroppi ng 

6 .  Mor e  on- farm l i ve
stock and more 

i ntens ive forage 
management 

4 . Fer t i l i ze r  con t i nued 
at h igher leve l s , 

pes t i c ides dec l i n i ng 
s l ightly 

5.  Increa sed double 
c r opp ing and 

intercropp i ng 

6 .  More on-farm l i vestock 
and more intens ive 
forage management 

Improvement of 1 .  Improvement of 1 .  S i gn i f icant i ncrease 
i n  pas t u r e  as a 

rotat ion c rop 
Dive r s i f icat ion of  

ag r ic u l tu r e  w i l l  
i nvolve pas t u r e  

pastures and poss i ble 

i nc reased acreage 
More i ntens ive 2 .  

management 

pas tures and poss i ble 

i ncr eased ac reage 
More intens ive 2 .  

man;;agement 
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Pastu res 
(cont inued ) 

Rangeland 

Forests 

We t lands and 
aqua t i c  uses 

cropland s  and 

forage 

NOrth Central 
NOrthe r n  Pla ins 

south 
Southe rn Pla ins 

1 . Red uc t ion i n  i r r igated 
cropland s in the 
h igher e leva t i ons 

2 .  Shi f t  to lower wat e r -
consumi ng c rops 

3 .  MOre supplemental 
i r r igat ion 

4 .  Dec l i n i ng appl icat ion 
rates for agr i-
cultural chemicals 

except for 
he r b ic ides 

s .  Mor e  i ntercroppi ng 

and double c ropp i ng 

6 .  More reduced t i llage 

Lake States 

1 . Con t i nued d ra i nage 
of potholes 

Delta States 

Cor n  Belt 

3. More i ntens i ve 
management 

1 . Cont inued d r a i nage 
of we t areas 

Appalach ian 

1 . Increase i n  c ropland 1 . Increased f r u i t  and 
vege table produc t ion 

MOre interc roppi ng and 
double c roppi ng 

at expense of 
forests and wetlands 2 .  

2 .  Inc rease i n  pond s 
for aquac u l ture 3 .  

3 .  More supplemental 
i r r igat ion 4 .  

4 .  I ncreased leve l s  of 

fe r t i l i zer a nd 

More supplemental 
i r r igat ion 

Reduced t i l lag e and 
expanded use of 
he rbic ides 

chemical use but 

dec l i n i ng appl ica
t ion rates pe r 
hec tare 

5 . More i ntens i ve forage 

management to s uppor t  
expanded l ive stock 
produc t ion 

5. MOre intercropp i ng 
and double croppi ng 

6 .  More reduced t i llage 
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APPENDIX A (conti nued ) 

Pa stures 

Forests 

We tland s  and 
aqua t ic uses 

Sou th 
Southern Pla i ns 

l .  Some return to nat i ve 
pastures f rom 

i r r igated farming ; 
some w i l l  r ece i ve 
supplemental water 

l.  Cont inued d r a i nage 
of  wet land areas 

De l ta States 

l. Land in  pa sture w i l l  

inc rease 
2. Mor e  i ntens ive 

management 
3 .  Improved pastures 

l.  Cle a r i ng of hardwood 
forest areas for 
c roppi ng 

l .  Fu r ther d r a i nage of 
wet land s 

2 .  Channe l i zat ion of 
natural wate rways 

Appalach ian 

l.  Inc rea sed plant i ng and 

more i ntens ive 

management 

l. Increased produc t ion of 
softwood 

2 .  Mor e  i ntens ive c u l t u r a l  
prac t ices i nc l ud i ng 

fert i l i zat ion and 
pe st and d i sease con

trol and t h i n n i ng 
3 .  Mor e  i nten s i ve ut i l i za 

t ion of forest 
products 

4.  More s i ng l e  spec ies 
plant i ng 

5 .  Inc reased g r a z i ng of 

forested a reas 
6. LOss of forested areas 

to cropland 

w 
0 
0 
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Appendix B 
Common and Scientific Names of 
Birds, Mammals, and Plants 
Mentioned Frequently in the Text 

BI RDS 

B ittern , Amer ican 
B it te r n ,  least 
B unt i ng , lar k 
Coot , Amer ican 
C r ane ,  sandhi l l  
Eag le , bald 
Gallinu le 
Goose , Canada 
G rouse , r uffed 
Grouse , sag e 
G rouse , sharp-tai led 
Hawk , marsh or har r ier 
Loon 
Owl , shor t-eared 
Owl , spotted 
Partr idge , Chukar 
P e l ican ,  white 
Pheasant , r ing-necked 
P r a i r ie chic ken , Attwater ' s  

P r a i r i e  chicke n ,  greater 
P r a i r ie chicken , lesser 
Quai l ,  bobwh ite 
Quai l ,  scaled 
Ra i l ,  sor a 
Rai l ,  V irg inia 
Tur key 
War ble r , Swainson ' s  
Woodcock , Amer ican 

3 0 1  

Botaurus lent ig i nosus 
Ixobrychus ex i l i s 
Calamospi za melanocorys 
Fulica ame r ican a 
Grus canadensis 
Haliaetus leucocephalu s 
Gall inula spp . 
B ranta canadens i s  
Bonasa umbellus 
Centrocercus urophas ianu s 
Ped ioecetes phasianellus 
C ircus cyaneus 
Gavia spp . 
As io f lammeu s 
Str ix occ identalis 
Alector i s  gr aec a 
Pe lecanus erythrorhynchos 
Phasianus colch icu s  
Tympanuchus cupido 
attwater i  
Tympanuchus cupid o 
Tympanuchus pal l id ic inctus 
Col i nus virginianu s 
Call ipepla squamata 
Por zana carolina 
Rallus l imicola 
Me leag r i s  gallopavo 
L imnothlypis swainsoni i  
Ph i lohela minor 
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MAMMALS 

Bear , blac k  
Bear , g r i z z ly 
C h ipmunk 
Coyote 
Deer , blac k-tai led or mule 
Deer , roe 
Deer , whi te-tai led 
E l k  
Gopher , poc ket 
Hare , snowshoe 
L ion , mountain 
Mink 
Moose 
Mus krat 
N utr ia 
Otter 
Porcupine 
Pronghor n ( ante lope ) 
Rabbit  
Raccoon 
Squ i r r e l , Aber t ' s  
Squ i r re l , f lying 
Squ i r rel , golden-mant led 
ground 
Squ i r re l ,  r ed 

PLANTS 

Acac i a  
Alder 
A lpine f ir 
Ar rowhead 
Aspen 
Blueberry 
Bulr ush 
Catta i l  
C i nquefoi l 
Cottonwood 
C reosote bush 
Cre sted wheatgrass 
C u r r ant 
Cypress 
Doug las f ir 
Easter n red cedar 
E ng lemann spr uce 

3 0 2  

Ur sus amer icanus 
Ursus hor r  ibili  s 
Tamias spp . 
� latran s  
Odoco i leus hemionus 
Capreolus capreolu s 
Odocoi leus v i rginianus 
Cervus canadens i s  
Thomomys spp . 
Lepus amer icanu s 
Fel i s  concolor 
Muste la v i so n  
� alces 
Ondatra z i beth icu s 
Myocastor coypu 
� canadensi s 
Ereth i zon dor satum 
Ant i locapr a amer ican a 
Sylv i lagus spp . 
Procyon � 
Sciurus aberti  
Glaucomys spp . 
Callosspermophi lus 
later ali s 
Tamiasc iurus hudsonicus 

Ac ac i a  spp . 
Alnus spp . 
Abies las iocarpa 
Sag ittar ia spp . 
Populus spp . 
Vacc inium spp . 
Sc irpus spp . 
� spp . 
Poten t i l la spp . 
Popu lus deltoide s 
Lar rea d ivar icata 
AgropYron desertor um 
Ribes spp . 
Taxod ium spp . 
Pseudotsuga menzies i i  
Juniperus virginian a 
P icea engelmanni i  
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Harvard shinoak 
Hawthorn 
H ic kory 
Honeysuc k le 
Jac k  pine 
Juniper 
Long leaf pine 
Mesqu ite 
Nor thern wh ite cedar 
Oak 
P i nyon pine 
Ponderosa pine 
Sagebrush 
S and sagebr ush 
Sedge 
Serviceberry 
Soybean 
S ug ar maple 
Tar bush 
Tree cholla 
Water-hyac inth 
Whi tebrush 
W i l low 
Ye l low b irch 
Yucca 

3 0 3  

Quercus harvard i i  
Cr ataegus spp . 
Carya spp . 
Lonicer a spp . 
P i nus banksiana 
Juniperus spp . 
P i nus palustr i s  
Prosopis glandulosa 
Thuj a occ identali s 
Quercus spp . 
P inus eduli s 
P inus ponderosa 
Ar temesia spp . 
Ar temesia f i l ifol ia 
� spp . 
Amelanchier spp . 
Glyc ine spp . 
Acer saccharum 
Flourens i a  cernu a 
Opunt ia imbr icata 
E ichhor nia crass ipe s 
Aloys ia lyc ioides 
Salix spp . 
Betula alleghaniens i s  
!.!:!££!. spp • 
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