
INFORMATION TO USERS

This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted.

The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction.

1.The sign or “target” for pages apparently lacking from the document 
photographed is “Missing Page(s)”. If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity.

2. When an image on the film is obliterated with a round black mark it is an 
indication that the Rim inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame.

3. When a map, drawing or chart, etc., is part of the material being photo
graphed the photographer has followed a definite method in “sectioning” 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete.

4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can b~ purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department.

5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy.

University
Micrdfilms

International
300 N. ZEEB ROAD, ANN ARBOR, Ml 4 8 1 0 6  
18 BEDFORD ROW, LONDON WC1 R 4 E J,  ENGLAND



8013719

D a v is , P h il u p  Bu r t o n

AN ECOLOGICAL APPROACH FOR HIGHWAY ROUTING IN MICHIGAN 

Michigan State University PH.D. 1979

University
Microfilms

International 300 N. Zeeb Road, Ann Arbor, MI 48106 18 Bedford Row, London WC1R 4EJ, England

Copyright 1979

by
Davis, Phillip Burton 

All Rights Reserved



AN ECOLOGICAL APPROACH FOR HIGHWAY 
ROUTING IN MICHIGAN

By

P h i l l i p  Burton Davis

A DISSERTATION

Submit ted to  
Michigan S t a t e  U n iv e r s i ty  

in p a r t i a l  f u l f i l l m e n t  o f  t h e  requ irem ents  
f o r  t h e  degree  o f

DOCTOR OF PHILOSOPHY

Department o f  Resource Development

1979



ABSTRACT

AN ECOLOGICAL APPROACH FOR HIGHWAY 
ROUTING IN MICHIGAN

By

P h i l l i p  Burton Davis

At the  p r e s e n t  t ime th e  Michigan Department o f  S t a t e  Highways and 

T r a n s p o r t a t i o n  does no t  have a p rocedure  to  e v a lu a t e  b e fo re  c o n s t r u c t i o n  

th e  p o t e n t i a l  impacts o f  t h a t  c o n s t r u c t io n  on e x i s t i n g  o r  r e s u l t a n t  

env ironments .  This  s tudy  was performed t o  r e s e a r c h  methods t o  improve 

th e  ro u te  l o c a t i o n  process  and a s s i s t  highway p l a n n e r s ,  d e s ig n e r s ,  and 

d e c i s io n  makers in  o b j e c t i v e l y  e v a lu a t in g  environments  t h a t  may be 

impacted by f u t u r e  highway p r o j e c t s .

A h o l i s t i c  ecosystem approach i s  u t i l i z e d  t o  examine the  r e l a t i o n 

s h ip s  among s o i l s ,  w a te r ,  f l o r a  and fauna and th e  o v e r a l l  e f f e c t s  o f  

highways on each.  In t h i s  way phys ica l  and b io lo g ic a l  changes in  n a tu r a l  

systems can be analyzed b e f o r e ,  dur ing  and a f t e r  highway c o n s t r u c t i o n .

The Michigan Land Cover/Use C l a s s i f i c a t i o n  System was used as  a 

framework to  assemble e x i s t i n g  in fo rm a t ion  about  a s s o c i a t e d  s o i l  g roups ,  

d ra in ag e  reg imes,  w i l d l i f e  s p e c i e s  and endangered o r  t h r e a t e n e d  f l o r a .

To de term ine  what r e s u l t a n t  environments  have to  c o n ta in  t o  s u p p o r t  

d e s i r e d  fauna ,  d e t a i l e d  in fo rm at ion  on s p e c i f i c  sp e c ie s  d i s t r i b u t i o n s ,  

h a b i t a t  r eq u i rem en ts ,  s t a t u s  and food p r e fe r e n c e s  were assembled. This  

co m pi la t ion  o f  in fo rm a t ion  then se rv e s  as  th e  b a s i s  f o r  examining th e  

e f f e c t s  o f  highway a c t i v i t i e s  on th e  environment.
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E v a lu a t io n  o f  how highway a c t i v i t i e s  impact environmenta l cond i

t i o n s  i s  f a c i l i t a t e d  by use o f  t h e  Environment-Highway I n t e r a c t i o n  

Matr ix .  The m at r ix  p rov ides  a v i su a l  d i s p l a y  o f  p o t e n t i a l l y  impacted 

environmenta l  c h a r a c t e r i s t i c s  and major a c t i o n s  caus ing  impacts ;  i t s  

pr imary advantage being a g ross  s c ree n in g  techn ique  f o r  impact i d e n t i 

f i c a t i o n .  F u r th e r  advantages  o f  t h i s  m a t r ix  a r e  in  i t s  a b i l i t y  to  be 

expanded o r  c o n t r a c te d  in  scope and to  be modified in  s t r u c t u r e .  Use 

o f  th e  m a t r ix  in  highway d e c i s io n  making can be v a lu a b le  in  p r e d i c t i n g  

th e  e f f e c t s  o f  highways on e x i s t i n g  environments  and to  compare r e 

s u l t a n t  environments  c r e a t e d  by highway r e l a t e d  a c t i v i t i e s .

A guide f o r  d e c i s io n  makers p rov ides  a procedure  f o r  d i r e c t i n g  

th e  c o l l e c t i o n  o f  da ta  and o rg an iz in g  in fo rm a t ion  needed in  th e  ro u te  

lo c a t i o n  d e c i s io n  making p ro c e s s .  Decis ions  can then be made by fo l low  

ing a s t e p - b y - s t e p  procedure  on o b s e rv a t io n s  and i n v e n t o r i e s  t o  compile 

p hys ica l  and b io lo g ic a l  a sp ec t s  t o  c o n s id e r ,  problems to  av o id ,  and 

methods to  use in  p r e d i c t i n g  impacts .

The e c o lo g ica l  approach p r e se n te d  prov ides  a mechanism f o r  more 

e f f e c t i v e l y  and e f f i c i e n t l y  comparing p o t e n t i a l  impacts  o f  a l t e r n a t i v e  

ro u te s  in  a more a n a l y t i c a l  way b e fo re  ro u te  s e l e c t i o n  which reduces  

r e l i a n c e  on personal  o p in io n s ,  i s  r e p l i c a b l e ,  q u a n t i f i a b l e  and l e g a l l y  

f u n c t i o n a l .  Although t h i s  approach was developed f o r  highway ro u t in g  

in  Michigan with  m o d i f i c a t io n s  i t  can be u t i l i z e d  f o r  any type  o f  

c o r r i d o r  a n a l y s i s .



To my mother 

and in  memory o f  my f a t h e r
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CHAPTER I 

INTRODUCTION

Problem Sta tement

All highway p r o je c t s  r e q u i r e  an impact a s se s sm en t ,  Nat ional  Envi

ronmental Po l icy  Act (NEPA, 1969) ,  b e fo re  c o n s t r u c t i o n  i s  a u th o r iz e d .  

Highway agencies  have been acknowledged as be ing  among th e  l e a d e r s  in 

f i l i n g  environmenta l  impact s ta t e m e n ts  (EIS) .  However, a major c r i t i 

cism o f  a l a r g e  pe rcen tag e  o f  f i l e d  EIS 's  i s  t h a t ,  whi le  NEPA guide

l i n e s  a r e  fo llowed s u f f i c i e n t l y  f o r  lega l  pu rposes ,  t h e  s ta te m en ts  a re  

inadequa te  in d e s c r ib in g  how th e  proposed p r o j e c t  a c t u a l l y  impacts  the  

environment.  For t h e  most p a r t ,  n a tu r a l  parameters  a re  d esc r ib ed  

mainly by e x te n s iv e  l i s t s  o f  i n v e n t o r i e s  o f  a l l  th e  sp e c ie s  p r e se n t  

in t h e  a f f e c t e d  a r e a .  As a r e s u l t ,  t h e  knowledge o f  a c tu a l  e n v i ro n 

mental s i t u a t i o n s  i s  never  comple te ly  a v a i l a b l e .

F e d e ra l ,  s t a t e ,  county ,  and municipal  highway agenc ies  in t h e  

s t a t e  o f  Michigan have f r e q u e n t l y  been accused  o f  i r r e p a r a b l y  damaging 

th e  environment.  The a l l e g a t i o n s  made as to  t h e  i n s e n s i t i v i t y  o f  h igh

way agenc ies  towards a reas  w ith  high ec o lo g ic a l  va lues  cannot  a t  t h i s  

t ime be adeq u a te ly  d isp roven .  This i s  based on th e  f a c t  t h a t  no s tu d i e s  

p r e s e n t l y  e x i s t  t h a t  document in  a s c i e n t i f i c  manner t h e  a c tu a l  d i r e c t  

and i n d i r e c t  phys ica l  impact o f  a highway f a c i l i t y  upon an environment 

in  a b e f o re ,  d u r in g ,  and a f t e r  s i t u a t i o n .  Subsequen t ly ,  p lann ing  fo r  

any highway proposal  which impacts  t h e  environment  o f te n  becomes a
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ready i s s u e  f o r  p u b l i c  co n t ro v e rsy  and c h a l l e n g e ;  f u r t h e r ,  e n v i r o n 

mental impact s ta te m e n t  requ irem ents  d i c t a t e  t h a t  t h e  p o t e n t i a l  nega

t i v e  and p o s i t i v e  environmenta l  e f f e c t s  be analyzed .  By v i r t u e  o f  th e  

lack  o f  s c i e n t i f i c  da ta  reg a rd in g  t h e s e  e f f e c t s ,  t h e  a n a l y s i s  tends  t o  

be based on incomplete  data  which d e t r a c t  from th e  i n t e n t  and purpose 

o f  th e  environmenta l  impact s ta te m e n t .

Thus, th e  lack  o f  s c i e n t i f i c  da ta  provides  t h e  pr im ary  b a s i s  f o r  

ch a l len g e  and c o n t ro v e r s y .  When th e s e  ch a l len g es  a re  d i r e c t e d  through 

e s t a b l i s h e d  l e g a l  ch a n n e ls ,  t h e  normal highway p lanning  and c o n s t r u c 

t i o n  schedu les  a re  e i t h e r  slowed down o r  abandoned.

At t h e  p r e se n t  t ime th e  Michigan Department o f  S t a t e  Highways and 

T r a n s p o r t a t i o n  (MDSHT) does not  have a procedure  t o  e v a l u a t e  be fo re  

c o n s t r u c t i o n  th e  p o t e n t i a l  impacts  o f  t h a t  c o n s t r u c t i o n  on e x i s t i n g  

o r  r e s u l t a n t  env ironments .  Environmental a n a l y s i s  done by o r  f o r  t h e  

MDSHT now c o n s i s t s  o f  in v en to ry in g  e x i s t i n g  fauna and f l o r a  a t  one 

p o in t  in t ime and space .  This  type  o f  a n a l y s i s  does n o t  p rov ide  s u f 

f i c i e n t  in fo rm at ion  to  plan f o r  t h e  wise use o f  th e  p o t e n t i a l l y  im

pac ted  r e so u rc e s  which a re  found in t h e s e  environments .  To improve 

th e  ro u te  l o c a t i o n  process  w ith  r e s p e c t  t o  t h e  env ironment,  in forma

t i o n  about  th e  r e l a t i o n s h i p s  among s o i l s ,  d r a in a g e ,  v e g e t a t i o n ,  and 

w i l d l i f e  impacted by highways needs to  be assembled and p re se n te d  in  

an e a s i l y  unders tood ,  c o h e s iv e ,  and u seab le  package.

Study O b jec t ives

The primary o b j e c t i v e  o f  t h i s  r e s e a r c h  i s  t o  develop  an e c o lo g i 

cal  approach to  a s s i s t  highway p l a n n e r s ,  d e s ig n e r s ,  and d e c i s io n  

makers in  o b j e c t i v e l y  e v a lu a t in g  environments  t h a t  may be impacted
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by f u tu r e  highway p r o j e c t s .  When t h i s  approach i s  used ,  MDSHT p e r 

sonnel w i l l  be ab le  t o  reduce r e l i a n c e  on personal  op in ions  by using 

t h e  developed procedures  as  a too l  t o  a id  in  an a ly z in g  e x i s t i n g  and 

r e s u l t a n t  environments b e fo re  highway c o n s t r u c t i o n .

To ach ieve  the  primary o b j e c t i v e ,  t h r e e  secondary o b j e c t i v e s  were 

e s t a b l i s h e d .  The f i r s t  o f  th e se  i s  to  adopt  a prob lem-so lv ing  approach 

based on th e  h o l i s t i c  concept  o f  ecosystems.  Such a comprehensive ap

proach r e q u i r e s  t h e  assemblage o f  in fo rm a t ion  on s o i l s ,  w a te r ,  f l o r a ,  

and fauna to  a id  in e v a lu a t in g  environmental  impacts o f  highway a c t i 

v i t i e s  .

A second i s  to  develop an environment-highway i n t e r a c t i o n  m at r ix  

to  provide  a conceptual  framework and v i su a l  too l  to  a id  in examining 

how highway c o n s t r u c t i o n ,  o p e ra t io n  and maintenance a f f e c t s  e n v i ro n 

mental c o n d i t i o n s .  Use o f  a m a t r ix  t h a t  can be expanded o r  c o n t r a c t e d  

in scope al lows d ec i s io n  makers p r i o r  t o  r o u te  s e l e c t i o n  to  p r e d i c t  

e f f e c t s  o f  highways on e x i s t i n g  environments  and to  compare r e s u l t a n t  

environments  t h a t  may be c r e a t e d .

The f i n a l  o b j e c t i v e  i s  to  develop an environmenta l  guide f o r  de

c i s io n  makers.  I t s  b a s i c  fu n c t io n  i s  t o  p rov ide  a s e t  o f  in fo rm a t io n  

and procedures  fo r  highway ro u t in g  t h a t  f a c i l i t a t e s  an e v a lu a t io n  ca

p a b i l i t y  which i s  r e p l i c a b l e ,  q u a n t i f i a b l e  and l e g a l l y  f u n c t i o n a l .

B r i e f  H is to ry  o f  Highway Program

P r e s id e n t  F rankl in  D. Roosevel t  appo in ted  a National I n t e r r e g i o n a l  

Highway Committee to  examine t h e  concept  o f  a system o f  i n t e r r e g i o n a l  

superhighways 1n 1941. This  committee in  co o p e ra t io n  with t h e  Pub l ic  

Roads A d m in is t r a t io n  p re se n te d  a r e p o r t  t o  Congress in  1944 e n t i t l e d



4

" I n t e r r e g i o n a l  Highways." Acting on th e  b a s i s  o f  t h a t  r e p o r t ,  t h e

Congress in th e  Federal-Aid  Highway Act o f  1944 a u th o r i z e d  a Nat ional

System o f  I n t e r s t a t e  Highways o f  40,000 m i l e s .  Congress d i r e c t e d  t h a t

t h e s e  highways were t o  be

so l o c a t e d  as t o  connect by r o u t e s ,  as  d i r e c t  as p r a c t i c a b l e ,  
t h e  p r in c ip a l  m e t ro p o l i t a n  a r e a s ,  c i t i e s  and i n d u s t r i a l  cen
t e r s ,  t o  se rve  th e  n a t io n a l  defense  and to  connect  a t  s u i t 
a b le  border  p o in t s  with  r o u te  o f  c o n t in e n ta l  importance .

By 1947 s e l e c t i o n  o f  37,700 miles  o f  t h e  proposed 40 ,000-m ile  

I n t e r s t a t e  System were announced. During t h e  next n ine  y ea rs  th e  pro

gram was plagued with problems in  e s t a b l i s h i n g  an a c c e p ta b l e  method 

o f  f in a n c in g .  Congress reached a compromise in th e  Federa l -A id  Highway 

Act o f  1956 which a u th o r iz e d  25 b i l l i o n  d o l l a r s  to  be sp en t  on 41,000 

m iles  o f  I n t e r s t a t e  from 1957 to  1969.

Highway personnel  ac ro ss  the  country  were th e reb y  given a l e g i s 

l a t i v e  mandate to  c a r ry  ou t  t h e  "prompt complet ion o f  I n t e r s t a t e  by 

connec t ing  ro u te s  as d i r e c t  as p r a c t i c a b l e . "  To ach ieve  such an ob

j e c t i v e ,  highway agencies  a t tem p ted  to  f in d  th e  most d i r e c t  r o u te s  

between th e  p o in t s  they  wanted to  se rve  with the  most economical p ro

cedure  (from an eng inee r ing  view) o f  b u i l d i n g .

Impacts on th e  environment were t h e r e f o r e  not  co n s id e red  when 

s e l e c t i n g ,  c o n s t r u c t i n g ,  o p e r a t i n g  o r  m ain ta in in g  r o u t e s .  In 1968 

t h e  Federa l -A id  Highway Act a u th o r iz e d  an a d d i t i o n a l  2 ,500 m i l e s ,  

making th e  t o t a l  system 42,500 m iles  in  l e n g th .  Passage o f  NEPA in  

1969 r e q u i re d  f o r  th e  f i r s t  t ime t h a t  c o n s id e r a t i o n  be given t o  th e  

e f f e c t s  o f  highway a c t i v i t i e s  on th e  environment.  The e f f e c t i v e n e s s  

o f  NEPA in d e a l in g  ad eq u a te ly  with  highway impacts from th e  I n t e r s t a t e  

System were l i m i t e d  in  two major  ways.
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F i r s t *  over  39,000 m iles  o f  t h e  system were a l r e a d y  c o n s t r u c t e d  

o r  under c o n s t r u c t i o n  when NEPA became law. The remaining mileage had 

a l r e a d y  been ro u te d  which e f f e c t i v e l y  removed th e  rea l  p o t e n t i a l  o f  

g iv ing  p roper  c o n s id e ra t i o n  t o  a l t e r n a t i v e  ro u te s  t h a t  may have been 

l e s s  damaging to  th e  environment.

Secondly ,  no methods o r  p rocedures  fo r  e v a lu a t in g  th e  impacts  o f  

highway a c t i v i t i e s  were a v a i l a b l e  t o  ad eq u a te ly  e v a lu a te  and address  

t h e  concerns o f  NEPA.

P as t  Work

Three complete and comprehensive e f f o r t s  have been made to  a s 

semble pub l i shed  and unpubl ished  m a t e r i a l s  p e r t a i n in g  to  th e  impact 

o f  highways on t h e  phys ica l  environment.  As p a r t  o f  a s tudy  e n t i t l e d  

Ecolog ica l  E f f e c t s  o f  Highway C o ns t ruc t ion  Upon Michigan Moodlots and 

W et lands , over  1 ,300 an n o ta ted  c i t a t i o n s  o f  r e f e r e n c e s  t h a t  a re  spe

c i f i c a l l y  concerned with  th e  e f f e c t  o f  highways on s o i l s ,  v e g e t a t i o n ,  

w a te r  q u a l i t y ,  w i l d l i f e  and a i r  q u a l i t y  were p r e sen te d  by Galin  (1974). 

The r e f e r e n c e s  p r e s e n t  in fo rm a t ion  on topo g ra p h ic  c o n d i t io n s  in  Michi

gan, w i l d l i f e ,  h a b i t a t s ,  h e r b i c i d e s ,  p e s t i c i d e s ,  d e - i c in g  chem ica ls ,  

r u n o f f  and s p i l l a g e ,  e r o s i o n ,  highway d ra inage  f a c i l i t i e s ,  c r i t e r i a  

f o r  e v a lu a t in g  environmenta l impact ,  and methods which can be used 

to  co n t ro l  t h e  d e t r im e n ta l  impacts  o f  highways on th e  phys ica l  e n v i 

ronment.

An updated v e r s io n  o f  t h e  aforement ioned an n o ta ted  b ib l io g ra p h y  

was produced dur ing  a second phase o f  t h e  same s tu d y  and i s  in c lu d ed  

in th e  f i n a l  r e p o r t  by Davis ,  Thomas and Humphrys (1978).  This  e f 

f o r t  r e d i r e c t e d  th e  l i t e r a t u r e  sea rch  to  focus on s t u d i e s  r e l a t e d  to
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methods o f  i d e n t i f y i n g  and e v a lu a t in g  th e  environmental  impacts  o f  

highways on s o i l s ,  w a te r ,  f l o r a  and fauna .

Review o f  th e  r e f e r e n c e s  c i t e d  in  t h e s e  com pi la t ions  r e v e a l s  t h a t  

r e se a rc h  to  da te  d ea l in g  with impacts o f  highway a c t i v i t i e s  on t h e  en

vironment have been performed with a s i n g l e  d i s c i p l i n a r y  approach.

The l i t e r a t u r e  i s  r e p l e t e  with s tu d i e s  examining such t o p i c s  as vege

t a t i o n  management, w i l d l i f e  m o r t a l i t y ,  e r o s i o n ,  c h a n n e l i z a t i o n ,  s e d i 

m en ta t io n ,  w a te r  q u a l i t y ,  d e - i c in g  chem ica ls ,  h e r b ic id e  u se ,  e t c .

These r e f e r e n c e s  were drawn upon to  assemble da ta  on M ich igan 's  s o i l s ,  

w a te r ,  f l o r a  and fauna ,  which i s  needed by MDSHT personnel  f o r  an im

proved unders tand ing  o f  t h e  r e l a t i o n s h i p s  among th e se  pa ram ete rs .

S u f f i c i e n t  in fo rm at ion  was a v a i l a b l e  to  examine s o i l s ,  w a te r ,  

f l o r a  and fauna independen t ly  but  when con f ron ted  with  developing  a 

h o l i s t i c  approach to  highway ro u te  s e l e c t i o n ,  d e f i c i e n c i e s  in  th e  

l i t e r a t u r e  were q u ick ly  appa ren t .  Highways have been th e  d i r e c t  fo 

cus o f  very  l i t t l e  e c o lo g ica l  r e s e a r c h .  Unti l  t h e  passage  o f  NEPA, 

r e se a rc h  o f  an ec o lo g ica l  n a tu re  had no a p p l ied  fu n c t io n  in  connec

t i o n  with highway a g e n c ie s .  Thus funding was no t  a v a i l a b l e  f o r  such 

r e se a r c h  and none was done. The conc lus ion  reached  a f t e r  examining 

th e  e x i s t i n g  body o f  knowledge in t h i s  a rea  i s  t h a t  r e se a r c h  on methods 

o f  c o l l e c t i n g ,  packaging and p re se n t in g  e c o lo g ic a l  da ta  d e a l in g  with  

Impacts o f  highways on t h e  phys ica l  environment a r e  s o r e l y  needed.

No s t u d i e s  to  d a te  a re  a v a i l a b l e  on methods f o r  o b t a in in g  ec o lo g ic a l  

data  in a form which can be i n c o rp o ra te d  i n t o  t h e  dec is ion-m aking  pro

cess  which invo lves  l aw y ers ,  s o c i o l o g i s t s ,  eng inee rs  and o th e r s  in  

s e l e c t i n g ,  c o n s t r u c t i n g ,  o p e r a t i n g  and m a in ta in in g  highway r o u te s .



CHAPTER I I  

PROBLEM-SOLVING APPROACH

The H o l i s t i c  Approach

An im por tan t  r o l e  f o r  highway d ec i s io n  makers i s  t o  ensu re  com

p a t i b i l i t y  between th e  need f o r  new and b e t t e r  highway f a c i l i t i e s  and 

th e  requ irem ents  f o r  m a in ta in ing  q u a l i t y  environments .  Ecosystem man

agement provides  new methods o f  impact assessment  and problem s o lv i n g ,  

p r e se n t s  i n n o v a t iv e  management t o o l s ,  and o u t l i n e s  a framework fo r  

t h e  r a t i o n a l  use o f  phys ica l  and b io lo g ic a l  r e so u rc e s .  A h o l i s t i c ,  

ecosystem approach i s  u t i l i z e d  to  examine t h e  r e l a t i o n s h i p s  between 

s o i l s ,  w a te r ,  f l o r a  and fauna and th e  o v e r a l l  e f f e c t s  o f  highways on 

each. In t h i s  way, physica l  and b io lo g ic a l  changes in n a tu r a l  systems 

can be analyzed  b e fo re ,  d u r in g ,  and a f t e r  highway c o n s t r u c t i o n .

I f  e x i s t i n g  and r e s u l t a n t  environments impacted by highway a c t i 

v i t i e s  a r e  to  be understood so t h a t  th e  in fo rm at ion  n e c e s sa ry  to  make 

wise r e so u rce  d ec i s io n s  i s  p o s s i b l e ,  a more comprehensive approach 

must be adopted .  I t  i s  im portan t  f o r  highway personnel  t o  become 

aware o f  t h e  h o l i s t i c  concept  o f  ecosystems.  This  concept  i s  b u i l t  

upon e c o lo g ic a l  p r i n c i p l e s .  The f i r s t  o f  t h e s e  i s  to  p r o t e c t  c r i t i 

cal environments  and h a b i t a t s .  H a b i t a t  p r o t e c t i o n  i s  o f t e n  more c ru 

c i a l  than  p r o t e c t i n g  in d iv id u a l  s p e c i e s ,  f o r  more sp e c ie s  have become 

r a r e  o r  endangered through h a b i t a t  r e d u c t io n  than  from d i r e c t  e x t e r 

mina t ion .  M ain ta in ing  th e  l i f e  su p p o r t  system provided by a h a b i t a t
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i s  n ecessa ry  fo r  t h e  con t inuance  o f  a s p e c i e s .  Thus, a n a l y s i s  o f  

e x i s t i n g  and r e s u l t a n t  environments  should  be made from an ecosystem 

and h a b i t a t  p e r s p e c t i v e .

A second ec o lo g ic a l  p r i n c i p l e  i s  to  adopt a lo n g - te rm ,  c a r ry in g  

c a p a c i ty  approach to  ecosystem management. This  invo lves  c a r e fu l  

s tudy  o f  the  h a b i t a t ' s  a b i l i t y  t o  m ain ta in  p o p u la t io n s  based on th e  

a v a i l a b i l i t y  o f  r e so u rc e s .  A popu la t ion  w i l l  tend  t o  i n c r e a s e  o r  de

c re a se  in response  t o  t h e  a v a i l a b i l i t y  o f  food, w ate r  and s h e l t e r .  

Popu la t ions  respond t o  changes in  h a b i t a t .  I f  one h a b i t a t  i s  com

p l e t e l y  r ep la ce d  by an o th e r  due to  e i t h e r  n a tu r a l  o r  a r t i f i c i a l  

c a u se s ,  th e  c a r ry in g  c a p a c i ty  o f  t h a t  h a b i t a t  f o r  a p a r t i c u l a r  com

p o s i t i o n  o f  s p e c ie s  i s  a l t e r e d ,  w hi le  a new c a r ry in g  c a p a c i ty  o f  t h e  

r e s u l t a n t  environment i s  c r e a t e d  f o r  a new composit ion o f  s p e c i e s .

The t h i r d  p r i n c i p l e  o f  ecosystem management, i s  to  p reven t  i r r e 

v e r s i b l e  changes in  the  environment.  C r i t i c a l  t o  t h i s  p r i n c i p l e  i s  

the  knowledge t h a t  man i s  a b le  to  a l t e r  o r  d i s t u r b  any ecosystem com

ponent and th e reb y  a f f e c t  environmenta l  systems.  P reven t ing  i r r e 

v e r s i b l e  changes r e q u i r e s  t h a t  ecosystem managers recogn ize  and under

s tan d  how to  avoid  such d i s r u p t i v e  a c t i o n s .

The adopt ion  o f  an e c o lo g ic a l  approach with  th e  aforementioned 

p r i n c i p l e s  can improve th e  a n a l y s i s  procedure  and he lp  a s su re  t h a t  

p r o j e c t  impacts a r e  ev a lu a te d  in a more meaningful manner.  The o v e r 

a l l  r e se a rc h  e f f o r t  p rov ides  a method whereby an environment can be 

e v a lu a te d  f o r  p o t e n t i a l  impacts  from highway a c t i v i t i e s .  This i n 

c ludes  a guide f o r  highway d e c i s io n  makers c o n s i s t i n g  o f  management 

t o o l s .  Decis ions  can then  be made by fo l low ing  a s t e p - b y - s t e p  proce

dure on o b s e rv a t io n s  and i n v e n t o r i e s  t o  compile ,  phys ica l  and
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b i o l o g i c a l  a s p e c t s  to  c o n s id e r ,  problems to  av o id ,  and methods to  use 

in p r e d i c t i n g  im pac ts .

Research Model

A major t h r u s t  o f  t h i s  s tudy  was to  develop a framework to  which 

e x i s t i n g  in fo rm a t ion  about  s o i l s ,  w a te r ,  f l o r a  and fauna in Michigan 

could be assembled.  These fou r  parameters  were t a r g e t e d  ou t  f o r  con

s i d e r a t i o n  as key components o f  th e  environments t h a t  a re  impacted by 

highway a c t i v i t i e s .  Much work has been done on each o f  t h e s e  pa ra 

meters bu t  p r i o r  to  t h i s  s tu d y ,  no com pila t ion  o f  r e sea rc h  f in d in g s  

has been p re sen ted  which prov ides  t h i s  in fo rm at ion  to g e t h e r .

The framework chosen to  assemble t h i s  in fo rm a t ion  was the  Michi

gan Land Cover/Use C l a s s i f i c a t i o n  System (Michigan Land Use C l a s s i f i 

c a t i o n  and Referencing  Committee, 1976) .  R a t io n a le  fo r  using t h i s  

system is  t h a t  i t  i s  f a m i l i a r  to  highway p e r so n n e l ,  c u r r e n t l y  o pera 

t i n g ,  and computer ad ap ta b le  t o  t h e  in fo rm a t ion  assembled in t h i s  

s tu d y .  The system p r e s e n t s  a s ta n d a rd i z e d  te rminology  f o r  d e s c r ib in g  

land  c o v e r /u se .  I t  i s  l o g i c a l  in  c o n s t r u c t io n  and a d ap tab le  t o  u n i 

form expansion f o r  o t h e r  u ses .  Improving the  highway ro u te  l o c a t i o n  

process  i s  such a use (F ig .  1) .

The major v e g e t a t i v e  a s s o c i a t i o n s  c l a s s i f i e d ,  de f in ed  and des

c r ib e d  in Michigan a r e  p r e se n te d  in  Appendix A. This system can sup

p ly  In fo rm at ion  as t o  t h e  s i z e  and type  o f  v e g e t a t i v e  communities t h a t  

proposed c o r r i d o r s  may t r a v e r s e .  This  system was then expanded upon 

to  in c lu d e  a s s o c i a t e d  s o i l  g roups ,  d ra inage  reg im es ,  w i l d l i f e  sp e c ie s  

and endangered o r  t h r e a t e n e d  f l o r a .  Appendix B p re se n t s  t h i s  informa

t i o n  so a d e te rm in a t io n  o f  what c h a r a c t e r i s t i c s  an environment  has can 

be e a s i l y  made.
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Soil
Groups

Drainage
Regimes

P la n t
Species

W i l d l i f e
Species

V e r i f i c a t i o n  o f  In fo rm at ion  with  
Ground Data C o l l e c t i o n

I d e n t i f y  A sso c ia ted

APPENDIX B

ENVIRONMENTAL GUIDE FOR DECISION MAKERS

Procedure  f o r  Comparing P r i o r  t o  Con
s t r u c t i o n  A l t e r n a t i v e  Routes

U t i l i z e  Remote Sensing to  C l a s s i f y  
E x i s t in g  V e g e ta t iv e  A s so c ia t io n s

APPENDIX A

Determine Species  Requirements o f  
Fauna Based on E x i s t in g  Knowledge

APPENDIX C Birds  
APPENDIX D Mammals

Examine P o t e n t i a l  Impacts o f  Highway 
C o n s t ru c t io n ,  Opera t ion  and Maintenance 

on S o i l s ,  Water,  F lo ra  and Fauna

ENVIRONMENT-HIGHWAY INTERACTION MATRIX

F igure  1. Environmental a s sessm ent  framework f o r  highway r o u t in g  in 
Michigan.
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To provide  in fo rm a t ion  on what r e s u l t a n t  environments would have 

to  co n ta in  t o  suppor t  d e s i r e d  fauna ,  a l l  t h e  d e t a i l e d  in fo rm at ion  a v a i l 

ab le  on s p e c i f i c  sp ec ie s  requ irements  was assembled. H a b i ta t  r e q u i r e 

ments,  d i s t r i b u t i o n  and r e s i d e n t  s t a t u s  o f  Michigan b i rd s  was compiled 

and i s  p re se n ted  in Appendix C. Natural h i s t o r y  in fo rm a t ion  f o r  Michi

gan mammals in c lu d in g  d i s t r i b u t i o n ,  s t a t u s ,  food p re fe re n c e s  and h ab i 

t a t  r equ irem ents  then fo l low  in  Appendix D.

This  com pi la t ion  o f  in fo rm a t ion  se rv e s  as the b a s i s  f o r  examining

th e  e f f e c t s  o f  highway a c t i v i t i e s  upon s o i l s ,  w a te r ,  f l o r a  and fauna 

(Chapter  I I I ) .  Eva lua tion  o f  how highway a c t i v i t i e s  impact e n v i ro n 

mental c o n d i t io n s  can then be f a c i l i t a t e d  by th e  development o f  an 

environment-highway i n t e r a c t i o n  m a t r ix  (Chapter  IV). Since only  por

t i o n s  o f  t h i s  in fo rm at ion  a re  needed a t  any p o in t  in  th e  r o u te  s e l e c 

t i o n  p ro c e s s ,  a guide to d ec i s io n  makers i s  then  p r e se n te d .  This 

guide provides  a procedure  f o r  d i r e c t i n g  the  c o l l e c t i o n  o f  da ta  and 

o rg an iz in g  in fo rm at ion  needed in  t h e  r o u te  s e l e c t i o n  dec is ion-making  

p ro cess .  Decis ions  can then be made by fo l low ing  a s t e p - b y - s t e p  pro

cedure  on o b s e rv a t io n s  and i n v e n t o r i e s  to  compile,  physica l  and b i o l o 

g ica l  a s p e c t s  to  c o n s id e r ,  problems to  av o id ,  and methods to  use in 

p r e d i c t i n g  impacts .



CHAPTER I I I

EFFECTS OF HIGHWAY ACTIVITIES UPON SOILS,
WATER, FLORA, AND FAUNA

This framework se rves  to  i l l u s t r a t e  some o f  t h e  im por tan t  r e l a 

t i o n s h i p s  among s o i l s ,  w a te r ,  f l o r a ,  and fauna which a r e  impacted by 

highway a c t i v i t i e s  (F ig .  2 ) .  The i n i t i a l  s t e p  i s  t o  a s s e s s  precon

s t r u c t i o n  pa ram eters .  This i s  im por tan t  f o r  two re a so n s .  F i r s t ,  p re 

c o n s t r u c t io n  co n d i t io n s  s e rv e  as a s ta n d a rd  in  m oni to r ing  changes.  

Second, i f  changes do o c c u r ,  t h e  kind and e x t e n t  o f  change w i l l  p a r 

t i a l l y  be dependent upon p r e - e x i s t i n g  c o n d i t i o n s .  This o p e ra t io n  

would c o n s i s t  o f  c o l l e c t i n g  primary and secondary data  r e l a t e d  to  t h e  

n a tu r a l  s c ie n ce  pa ram ete rs .

The second s t e p  i s  t o  u t i l i z e  b a s ic  knowledge o f  param eter  changes 

which may occur  as a r e s u l t  o f  c o n s t r u c t i o n .  This knowledge was ob

t a i n e d  from da ta  c o l l e c t e d  in  Michigan during  r e c e n t  highway s tu d i e s  

by Davis and Humphrys (1977) ,  Krauss (1978) and D avis ,  Thomas and 

Humphrys (1978).  Analys is  o f  th e se  s t u d i e s  in  a d d i t i o n  to  th o se  from 

th e  l i t e r a t u r e  r e v e a le d  t h a t  m o d i f i c a t io n  o f  hydro log ica l  parameters  

s i g n i f i c a n t l y  a f f e c t s  th e  r e l a t i o n s h i p s  among a s s o c i a t e d  s o i l s ,  f l o r a  

and fauna.  These changes can now be p r e d i c t e d  and e v a lu a te d  b e fo re  

highway c o n s t r u c t i o n .

E f f e c t s  o f  C ons t ruc t ion  A c t i v i t i e s

The purpose o f  t h i s  s e c t i o n  i s  t o  p r e se n t  e f f e c t s  o f  highway con

s t r u c t i o n  a c t i v i t i e s  upon h y d ro lo g ic  systems which may a l s o  be ev a lu a te d
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in r e l a t i o n  to  impacts upon s o i l s ,  f l o r a  and fauna (F ig .  3 ) .  This 

framework o f f e r s  a means o f  a s s e s s i n g  impacts  in  t h e  c o n te x t  o f  an 

i n t e r d i s c i p l i n a r y  model which w i l l  se rve  as  a guide t o  p lanners  i n 

volved in ro u te  l o c a t i o n  and c o n s t r u c t i o n  p ro ce sse s .

This format in c lu d es  a p r e s e n t a t i o n  o f  the  impacts o f  p a r t i c u l a r  

c o n s t r u c t i o n  a c t i v i t i e s  in  a manner which supplements th e  m a t r ix .

Each a c t i v i t y  i s  p re se n ted  in  r e l a t i o n  to  impacts  upon dra inage  r e 

gimes, s o i l s ,  f l o r a  and fauna .

S ur fac ing

S u r fac in g  involves  th e  c o n s t r u c t io n  o f  a paved o r  o th e rw ise  hard ,  

s t a b l e ,  and impermeable s u r f a c e  l a y e r .  This dec reases  i n f i l t r a t i o n  

and i n c r e a s e s  loca l  r u n o f f .  Depending upon th e  p e rm e a b i l i ty  o f  a d j a 

cen t  s o i l s ,  ground w a te r  r echarge  may be a f f e c t e d  i f  r a i n f a l l  r a p i d l y  

flows o f f  as s u r f a c e  flow.

For t h e  s a f e t y  o f  road u s e r s ,  t h e  t r a f f i c  s u r f a c e  must be kept 

as f r e e  o f  w a te r  as p o s s i b l e .  This  i s  accomplished by shaping th e  

s u r f a c e  such t h a t  w ater  w i l l  flow away to  d ra inage  d i t c h e s  which a re  

formed a t  th e  road edge by th e  curbs  o r  in d i t c h e s  a t  th e  o u t e r  edge 

o f  th e  shou lde rs  (Batson ,  1968).  The flow o f  s u r f a c e  w a te r  a d jac en t  

t o  highways i s  f r e q u e n t l y  accompanied by d e t r im en ta l  s o i l  e ro s io n  

which may r e s u l t  in t h e  d e s t r u c t i o n  o f  p ro d u c t iv e  s o i l s ,  t h e  c r e a t i o n  

o f  a r e a s  o f  u n s ig h t l y  appearance ,  and th e  c logg ing  o f  d i t c h e s  and 

d ra in ag e  s t r u c t u r e s .  Erosion may a l s o  endanger  t h e  s t a b i l i t y  o f  s id e  

s lo p es  in embankment and cu t  s e c t io n s  ( R i t t e r ,  1951).

Not on ly  does s u r f a c in g  i n c r e a s e  r u n o f f ,  bu t  t h e  q u a l i t y  o f  th e  

r u n o f f ,  o r  e f f l u e n t ,  may be a f f e c t e d  as  w e l l .  Both c o n c re te  and
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bituminous s u r f a c e s  leach  ou t  chemical subs tances  which a r e  e v e n tu a l ly  

c a r r i e d  i n t o  a d j a c e n t  w a te r c o u r s e s .  Mostly ca rbona te s  and hydroxides  

o f  ca lcium and magnesium come from cement p l a n t s  and the  co n c re te  i t 

s e l f ,  but  b i tuminous m a t e r i a l s  may prov ide  a v a r i e t y  o f  o rg a n ic  c o a l -  

t a r  d e r i v a t i v e s .  The g r e a t e s t  leach in g  o f  t h e s e  occurs  dur ing  and a f 

t e r  c o n s t r u c t i o n ,  bu t  long- te rm  leach in g  must a l s o  t ak e  p lace  ( D a r n e l l ,  

1976).

S u r fac ing  r e s u l t s  in  the  d e s t r u c t i o n  o f  th e  v e g e t a t i o n  p re se n t  

p r i o r  to  c o n s t r u c t i o n  and p re c lu d es  any f u tu r e  growth in t h e  paved 

a r e a .  D e s t ru c t io n  o f  v e g e ta t io n  r e s u l t s  in a l o s s  o f  w i l d l i f e  h ab i 

t a t ,  which i s  accompanied with a d ec re a se  in the c a r ry in g  c a p a c i ty  

f o r  both p l a n t  and w i l d l i f e  s p e c i e s .

Cut and F i l l

F i l l s  f o r  highways in v o lv e  t h e  placement  o f  minera l  m a te r ia l  on 

s t a b l e  s u b s t r a t e s  o r  t h e  replacement  o f  u n s ta b le  s u b s t r a t e s ,  such as  

pea t  o r  muck, w i th  more s t a b l e  mineral m a t e r i a l .  Both t h e  d i s p l a c e 

ment o f  u n s ta b le  m a t e r i a l  and th e  f i l l i n g  a f f e c t s  s u r f a c e  an d /o r  

ground w ater  movement in w et lands  by p ro v id in g  an impermeable o r  l e s s  

permeable medium.

P lac ing  f i l l  over  pea t  o r  in  p lace  o f  pea t  w i l l  have an e f f e c t  

upon r a t e s  o f  r u n o f f  and ground w a te r  movement. F i l l  m a te r ia l  w i l l  

g e n e r a l l y  have l a r g e r  i n t e r s t i t i a l  pores  than does p ea t  and as t h e s e  

pores become clogged with o rg a n ic  m a te r ia l  from t h e  su r rounding  sub

s t r a t e ,  p e r m e a b i l i t y  dec rease s  (K rauss ,  1978).

S u r face  and ground w a te r  movements may a l s o  be a f f e c t e d  by cu t  

and f i l l  o p e r a t i o n s ,  by e i t h e r  c u t t i n g  i n t o  an a q u i f e r  which i s  under
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h y d ra u l ic  p r e s s u r e ,  o r  by p o s s ib ly  r e p l a c in g  an impermeable l a y e r  in  

t h e  s u b s o i l .  This  impermeable l a y e r  may cause  an e x t e n s iv e  ground 

w ate r  d ra in  in t h a t  th e  water  may become d iv e r t e d  from i t s  o r i g i n a l  

underground d ra inage  flow p a t t e r n  ( P a r i z a k ,  1970).  Changes in  ground 

and s u r f a c e  w ate r  d iv id e s  may a l so  occur  caus ing  changes to  d i s t r i b u 

t i o n  and q u a n t i t y  s tream f low. Cut and f i l l  o p e r a t i o n s  may a l s o  

cause i n c re a se d  s ed im en ta t ion  o f  s treams which b i s e c t  o r  run a d ja c e n t  

t o  t h e  o p e r a t i o n ,  due to  in c re a se d  sediment load ing  o f  r u n o f f .

Cut and f i l l s  which t r a v e r s e  v e g e t a t i v e  communities u s u a l ly  r e 

s u l t  in  t h e  l o s s  o f  e x i s t i n g  h a b i t a t  types  and th e  c r e a t i o n  o f  new 

ones .  Cut and f i l l  o p e r a t i o n s  in  Michigan o f te n  removed upland oak 

and lowland c o n i fe ro u s  woodland (Davis ,  1977).  These h a b i t a t s  were 

l o s t  and r ep la c e d  with  a f o r e s t  f i e l d  t r a n s i t i o n  zone. Vege ta t ive  

d i v e r s i t y ,  amount o f  edge,  and amount o f  i n t e r s p e r s i o n  were a l l  i n 

c r e a se d .  Carrying c a p a c i ty  f o r  some s p e c i e s  such as songb irds  and 

snowshoe hare  was in c re a se d  whi le  f o r  o t h e r s ,  such as deer  and b e a r ,  

i t  was reduced.

Dredging

Regard less  o f  t h e  means o f  d redg ing ,  t h e  primary r e s u l t s  a r e  

t h e  c r e a t i o n  o f  d e p re s s io n s  o r  d i t c h e s  and th e  temporary  suspens ion  

o f  p a r t i c u l a t e  m a t t e r  in  a w a te r  body. I f  a s u f f i c i e n t  amount o f  

o rg an ic  m a t t e r  i s  a v a i l a b l e ,  d ep re s s io n s  tend  to  become anaerob ic  

in  th e  lower  s t r a t a ,  due t o  o rg a n ic  decomposit ion in  t h e  absence 

o f  l i g h t .

The c u t t i n g  and d igging  a c t i o n  o f  dredging  breaks  through the  

o x id iz e d  l a y e r  o f  a submerged s o i l  and exposes t h e  deep unoxidized
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l a y e r .  Most o f  th e  sediments  removed from t h i s  anoxic  l a y e r  and 

p laced  in  suspens ion  a r e  in  a ch em ica l ly  reduced s t a t e .  M a te r i a l s  

removed from t h i s  l a y e r  g e n e r a l l y  have high chemical and b io lo g ic a l  

oxygen demands. Often t o x i c  m a t e r i a l s  such as hydrogen s u l f i d e ,  

methane,  k e to n e ,  a ldehydes ,  and heavy meta ls  a re  r e l e a s e d  from anoxic 

sediment and subsediment m a t e r i a l .  Dredging i n c r e a s e s  t u r b i d i t y  which 

reduces  l i g h t  p e n e t r a t i o n ,  i n t e r f e r e s  with  p h o to sy n th e t i c  p roduct ion  

o f  oxygen, and tends  to  e l e v a t e  w a te r  tem pera tu re .

E v e n tu a l ly ,  the  sediment i s  dep o s i ted  c r e a t i n g  modif ied  bottom 

topography and o b s t r u c t e d  p a t t e r n s  o f  w ate r  c i r c u l a t i o n  elsewhere 

( D a r n e l l ,  1976).

Wetland Draining and F i l l i n g  

Lowering o f  t h e  w ate r  t a b l e  in  wet lands may r e s u l t  in  more pro

d u c t iv e  s o i l s  in  t h e  area  by dec reas in g  anae rob ic  s o i l  c o n d i t io n s  and 

i n c r e a s i n g  exposure  to  l i g h t  ( D a r n e l l ,  1976).  F i l l i n g  w i l l  cause some 

i n t e r f e r e n c e  with  e x i s t i n g  s u r f a c e  flow p a t t e r n s  and p o s s ib l e  c r e a t io n  

o f  channel e r o s io n .  Temporary and p o s s ib ly  high permanent r a t e s  o f  

s ed im en ta t io n  w i l l  a l s o  occur .

Dams and Impoundments 

P roduc t ive  s o i l  may be l o s t  due to  inu n d a t io n  o f  w e t lan d s .  More 

w a te r  w i l l  be l o s t  as a r e s u l t  o f  ev a p o ra t io n .  Due to  i n c re a se d  s u r 

face  w a te r ,  w a t e r - i n t o l e r a n t  p l a n t s  may exper ience  s ev e re  d i e - o f f .

Bank e ro s io n  may occur  a t  t h e  edges o f  th e  pond o r  in  a r e a s  o f  r e l i e f  

which were fo rm er ly  above w a te r .  Sediments from upstream w i l l  be de

p o s i t e d  as w a te r  v e l o c i t y  d ec rease s  in  t h e  impoundment.
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As w ate r  becomes impounded, tem pera tu re  i n c re a se s  and thermal 

s t r a t i f i c a t i o n  may occur .  S t r a t i f i c a t i o n  and s ed im en ta t io n  may cause 

anoxic  s u b s t r a t e  co n d i t io n s  which r e s u l t  in  the  r e l e a s e  o f  methane and 

hydrogen s u l f a t e  and a lowering o f  pH. Organic d e p o s i t s  may occur  as 

abundant v e g e t a t i v e  growth i s  c r e a t e d .

Downstream from the  impoundments, f lo o d  damage i s  m i t i g a t e d  as 

peak flows a re  d i s r u p t e d .  However, t h e r e  may be a l o s s  o f  w a t e r ,  s i l t ,  

and n u t r i e n t s  which would have been s e a s o n a l l y  r e p l e n i s h e d .  I f  im

poundment w a te r  i s  r e l o c a t e d  from th e  hypol imnion,  i t  may be o f  lower 

pH and d i s s o lv e d  oxygen and o f  h ig h e r  hydrogen s u l f a t e  c o n c e n t r a t i o n  

(D a rn e l l ,  1975).

Spoil Banks

Spoil banks exposed to  r u n o f f  may add s i g n i f i c a n t l y  t o  s tream 

sed im en ta t io n  o f  o rg a n ic  m a t t e r  and m inera ls  due to  heavy l each in g  

( D a r n e l l ,  1976).  The heavy overburden causes  s o i l  compaction and 

i n t e g r a t i o n  o f  f o re ig n  s o i l  p a r t i c l e s  a t  t h e  s o i l  s u r f a c e  which w i l l  

a l t e r  i n f i l t r a t i o n  c a p a c i t y  and p e r m e a b i l i t y  o f  th e  under ly ing  s o i l s .

Bridges

C o n s t ru c t io n  o f  b r idges  w i l l  cause  s h o r t - t e r m  e ro s io n  and s e d i 

m en ta t ion .  Very l i t t l e  long- te rm  e f f e c t s  a r e  c r e a t e d  by b r id g e s  

p ro p e r ,  excep t  p o s s ib l e  channel scour  and e ro s io n  in f lu e n c e s  by 

abutments ( P a r i z e k ,  1974) . F i l l s  developed f o r  approaches  to  b r idges  

o f te n  a c t  as dams. This  damming e f f e c t  causes  t h e  c r e a t i o n  o f  back

w a te r  dur ing  f lood  s t a g e s ,  i n c r e a s i n g  th e  v e l o c i t y  o f  w a te r  moving 

through th e  b r idge  s i t e .  Such m o d i f i c a t i o n s  in s u r f a c e  w a te r  p a t t e r n s  

o f t e n  cause a new s e t  o f  downstream problems.
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Burning and Removal o f  Vegeta t ion

Both burning and removal o f  v e g e t a t i o n  in c re a se d  r u n o f f  and s o i l  

e ro s io n  caus ing  in c r e a s e s  s ed im en ta t io n  and t u r b i d i t y  o f  s u r f a c e  w a te r s .  

Drainage p a t t e r n s  may a l s o  be a l t e r e d  due t o  changes in  d i s t r i b u t i o n  

o r  l o s s  o f  f l o w - r e s i s t a n t  m a t e r i a l s .  With in c rea sed  r a t e s  o f  r u n o f f ,  

lo ca l  s tream l e v e l s  w i l l  be l e s s  s t a t i c .  S o i l s  become more s u s c e p t i b l e  

to  l e a c h in g .  Some denuded a re a s  have been shown to  l o s e  l a r g e  q u a n t i 

t i e s  o f  d i s s o lv e d  m i n e r a l s ,  p a r t i c u l a r l y  sodium, ca lc ium,  magnesium, 

i r o n ,  potass ium n i t r a t e s ,  and phospha tes .  Leaching o f  h ig h ly  a l k a l i n e  

ashes causes  immediate i n c r e a s e s  in t h e  pH o f  t h e  waterways (D a rn e l l ,  

1976).

Soil  m o is tu re  may be i n c re a se d  o r  decreased  depending upon th e  

amount and type  o f  m a t t e r  removed. In a Missouri  s tu d y  ( F l e t c h e r ,

1963),  i t  was found t h a t  when l i t t e r  was removed from a f o r e s t  s o i l ,  

s o i l  d ry ing  in c re a se d  by 10 p e r c e n t .  Tree removal decreased  s o i l  d ry

ing r a t e s  (by t w o - t h i r d s ) ,  and removal o f  both t r e e s  and l i t t e r  de

c reased  dry ing  r a t e s  by about o n e - t h i r d .  A s u r f a c e  f i r e  which des

t ro y e d  only  l i t t e r  i n c r e a se d  th e  d ry ing  r a t e  by seven pe rcen t  when 

m ois tu re  c o n d i t i o n s  were n ea r  f i e l d  c a p a c i t y  and about  13 pe rcen t  

a t  l e s s e r  p r o f i l e  m o is tu re  c o n t e n t s .  Thus, s o i l  d ry ing  may in c r e a s e  

as l i t t e r  i s  removed b u t  i s  o f f s e t  by th e  l o s s  o f  r o o t  a b so rp t io n  

when t r e e s  a re  removed. I f  s i g n i f i c a n t  s o i l  drying o c c u r s ,  s o i l  may 

be t r a n s p o r t e d  by wind e r o s io n .

Borrow P i t s

The excava t ion  o f  borrow p i t s  i n c lu d es  the  removal o r  d i s p l a c e 

ment o f  v e g e t a t i o n  and t o p s o i l .  I f  t h e  a c t i v i t y  i s  s u b je c t  t o  exces

s iv e  r u n o f f ,  e ro s io n  o f  exposed m a t t e r  w i l l  cause s ed im en ta t io n  o f
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a d ja c e n t  s t r e am s .  I f  excava t ion  extends below the  ground w a te r  t a b l e ,  

th e  p i t  may f i l l  with  w ate r  and c r e a t e  a new aq u a t i c  h a b i t a t .  I f  t h e  

ex cava t ion  i s  above th e  water  t a b l e ,  t h e  exposure o f  coa rse  mineral 

m a te r ia l  may f a c i l i t a t e  an i n c r e a s e  in loca l  ground w a te r  recharge .

Borrow p i t s  observed on t h e  s tudy  a rea  were a l l  being u t i l i z e d  

by waterfowl in t h e  sp r in g  o f  the  y e a r .  These p i t s  provide h a b i t a t  

f o r  sp ec ie s  which p r i o r  to  c o n s t r u c t io n  did no t  u t i l i z e  th e  a r e a .

With proper  p lanning and c o o rd in a t io n  between MDSHT and Michigan 

Department o f  Natural Resources (DNR) p e r so n n e l ,  t h e se  p i t s  a r e  being 

b u i l t  and managed to  op t im ize  t h e i r  w i l d l i f e  p o t e n t i a l .

Fences and B a r r i e r s  

Fences and b a r r i e r s  may r e s t r i c t  r u n o f f  by accumulat ing mulch 

and l i t t e r  which w i l l  cause  d e p o s i t io n  o f  sediments  from th e  ru n o f f .  

G e n e ra l ly ,  fences  have l i t t l e  e f f e c t  on a q u a t i c  o r  hydro log ica l  sys 

tems un less  a bu i ldup  o f  waterborne  m a te r ia l  o c c u r s .

Separa t ing  a community i n to  segments which a re  s m a l l e r  than  the  

home range o f  t h e  sp e c ie s  in  qu es t io n  can r e s u l t  in an imals  avo id ing  

an a rea  which,  p r i o r  to  d i s tu r b a n c e ,  was s u i t a b l e  h a b i t a t .  B a r r i e r s  

such as the  highway and r e l a t e d  s t r u c t u r e s  w i l l  a l s o  r e s u l t  in  avo id 

ance behav io r .  However, fen c in g  has no t  proven to  be an adequate  

d e t e r r e n t  f o r  deer  c r o s s i n g s .

E ros ion ,  S e d im en ta t ion ,  and S i l t a t i o n  

I f  an a c t i v i t y  i n c r e a s e s  e r o s i o n ,  t h e r e  a re  s i g n i f i c a n t  impacts  

upon s tream environments .  I n i t i a l l y ,  a l o s s  o f  s o i l  and n u t r i e n t s  

occurs  on th e  eroded a rea  a t  i n c r e a s in g  r a t e s .  As t h e  m a te r i a l  be

comes suspended in  t h e  waterway, i n c re a se d  t u r b i d i t y  reduces  l i g h t
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a v a i l a b l e  t o  a q u a t i c  v e g e t a t i o n ,  th e reb y  lower ing p r o d u c t i v i t y .  I f  

v e l o c i t y  o f  flow i s  d ec rea se d ,  s i l t a t i o n  w i l l  occur  and cause t h e  

c r e a t i o n  o f  anoxic c o n d i t io n s  in  t h e  sed im en t ,  r e l e a s e  o f  hydrogen 

s u l f a t e  and o th e r  t o x i n s ,  and smothering o f  a q u a t i c  f l o r a  and fauna.  

S i l t a t i o n  may, however, add v a lu a b le  m in e ra ls  and n u t r i e n t s  which may 

i n c r e a s e  f lo o d p la in  p r o d u c t i v i t y .

Cu lver t s

Highway f a c i l i t i e s  can r a i s e  a n d /o r  lower  t h e  ground w a te r  t a b l e  

depending upon c u l v e r t  placement and dra inage  des ign  (D avis ,  1977).

More than  h a l f  o f  70 wetland road  c ro s s in g s  observed  in  a Minne

s o ta  survey  showed t im ber  k i l l e d  o r  weakened by a r i s e  in w a te r  t a b l e ,  

which was caused by th e  damming e f f e c t s  o f  th e  roads and f a i l u r e  t o  

provide  adequate  c r o s s - d r a i n a g e .  The c h i e f  problems were t h e  absence 

o f  c u l v e r t s  o r  o th e r  c r o s s - d r a i n a g e ,  d i s c h a rg e  d i t c h e s  o r  inadequa te  

c u l v e r t s ,  o r  some combinat ion o f  t h e  above (F ig .  4 ) .

When c u l v e r t s  a r e  s e t  too h ig h ,  ponding w i l l  o c cu r ,  given an im

permeable road  grade.  There may a l so  be seasona l  ponding o r  i n t e r 

fe rence  with  seasonal  w a te r  l e v e l s  and ground w a te r  f low, which may 

have s i m i l a r  e f f e c t s  upon v e g e t a t i o n  as ponding.

Ponding may n a t u r a l l y  occur  du r ing  p e r io d s  o f  heavy p r e c i p i t a 

t i o n ,  and th e  w ater  t a b l e  w i l l  d e c l in e  dur ing  d ry e r  months o f  th e  

growing season .  Trees  and o t h e r  v e g e t a t i o n  may s u rv iv e  seasonal  f l u c 

t u a t i o n s ,  bu t  i f  the  f l u c t u a t i o n s  change such t h a t  the  w ate r  t a b l e  i s  

h ig h e r  dur ing th e  growing season as  a r e s u l t  o f  c u l v e r t  p lacement ,  t h e  

v e g e t a t i o n  may not w i th s t a n d  th e  h ig h e r  seasonal  w ate r  t a b l e  (and r e 

s u l t i n g  lo s s  o f  a e ro b ic  s o i l ) .  Subsurface  d ra in ag e  should  be f a c i l i 

t a t e d  in  such wetland s i t e s  t o  m a in ta in  n a tu r a l  w a te r  t a b l e  f l u c t u a t i o n s .
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Figure  4 . - -H ydro log ic  problem and w a te r  t a b l e  r e l a t i o n s  in 
roads  c ro s s in g  p ea t lan d s  approx im ate ly  p a r a l l e l  
t o  th e  co n to u r .  Arrows i n d i c a t e  p r in c ip a l  zone 
o f  w ater  f low. A--Undis turbed  swamp b e fo re  road 
c o n s t r u c t i o n ;  B— Poorly  s i t e d  c u l v e r t  does not  
r e l i e v e  damming a c t io n  o f  road .  Temporary o r  
permanent pool o f  s t a g n a n t  w a te r  r e s u l t s ;  C— 
Problem i s  so lved  when c o l l e c t o r  d i t c h  i s  cut  
on upper s id e  o f  t h e  road  and c u l v e r t  i s  s e t  
with  i t s  bottom seve ra l  f e e t  below swamp s u r 
face .  ( S to e c k e l e r ,  1965)

C u lv e r t  placement may a l s o  a f f e c t  n a tu r a l  d ra in a g e  p a t t e r n s  where 

lam inar  d ra inage  has been a l t e r e d  t o  c h a n n e l iz ed  d ra in a g e .  S taggered  

c u l v e r t  placement l e a d s  to  a c u r v a tu r e  flow o f  w a te r  in  t h e  median 

which r e s u l t s  in  ponding o r  s t a g n a t i o n .  A comparison o f  d ra inage  

f a c i l i t a t i o n  th rough  c u l v e r t  placement (F ig .  5) i l l u s t r a t e s  how s u r 

face  f low and w a te r  l e v e l s  may be a f f e c t e d .  For a comparison o f  

c h an n e l iz e d  and lam inar  d ra in ag e  c h a r a c t e r i s t i c s ,  s ee  F igure  6.

I f  c u l v e r t s  a r e  spaced even ly  ac ro ss  t h e  t r a v e r s e d  w et land  with 

c h a n n e l i z a t i o n  o c c u r r in g  in  t h e  median d i r e c t l y  between p a r a l l e l e d
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WATER TABLE DECREASE
I n c reased  Soil  Drying 

Less W ate r -T o le ran t  P lan ts  
C hanne l iza t ion  May Occur

WATER TABLE INCREASE
Decreased Erosion 

More W a te r - I n t o l e r a n t  P lan ts

WATER TABLE DECREASE
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Impact on Many I n t o l e r a n t  P lan ts
Drainage Management: Extens ive  

C ulver ts  May Be Needed to  
Avoid Ponding

WATER TABLE INCREASE
G rea te r  Erosion 

D ie - o f f  o f  W a t e r - I n t o l e r a n t  P lan ts
Drainage Management: C u lver ts  

E f f e c t i v e  t o  Maintain  
Flow Rates

F igure  6 . - - A comparison o f  laminar  and channe l ized  d ra inage  ch a rac 
t e r i s t i c s  .
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c u l v e r t s ,  adequate  d ra inage  can be m ain ta ined  with  l i t t l e  o r  no vege

t a t i v e  d i e - o f f .  However, when n a tu r a l  d ra inage  p a t t e r n s  a re  no t  main

t a i n e d ,  t h e  r e s u l t i n g  in c r e a s e s  in w ater  t a b l e  l e v e l s  caused by th e  

im perm eab i l i ty  o f  road f i l l  m a te r ia l  and inadequa te  a r t i f i c i a l  d r a i n 

age r e s u l t s  in v e g e t a t i v e  d i e - o f f  o f  w a t e r - i n t o l e r a n t  sp e c ie s  (F ig .  7 ) .  

This  comparison emphasizes th e  f a c t  t h a t  t h e  e f f e c t  o f  highways on 

d ra inage  may be minimized by p roper  c u l v e r t  placement.

As high c u l v e r t s  may in c r e a s e  upstream w a te r  l e v e l s ,  l i k e w ise  

c u l v e r t s  p laced  too low may lower w a te r  t a b l e s ,  caus ing  a l o s s  o f  

w a t e r - t o l e r a n t  v e g e t a t i o n ,  p o s s ib l e  e r o s io n ,  and c h a n n e l i z a t i o n  o f  

laminar  flow ( S to c k e l e r ,  1967).

Erosion C o n t ro l ,  Landscaping, and R e f o r e s t a t i o n  

These measures a l l  dec rease  e ro s io n  and p re se rv e  loca l  q u a n t i t i e s  

o f  s o i l  and mulch. Less damage i s  a s s o c i a t e d  with peak f low s ,  l e s s  

s e d im en ta t ion  occurs  in  nearby s t r e a m s ,  and i n f i l t r a t i o n  and ground 

w ater  r echarge  may be in c r e a se d .  R e f o r e s t a t i o n  may c r e a t e  a d d i t i o n a l  

e v a p o t r a n s p i r a t i o n  l o s s e s  which may d ec rease  s o i l  m o is tu re .  Eros ion 

r e s u l t i n g  from c u ts  and f i l l s  can be minimized o r  e l im in a te d  where 

adequate  e ro s io n  co n t ro l  measures a r e  tak en .

Drainage and Water Table  A l t e r a t i o n  

Changes in flow p a t t e r n s  and w ater  t a b l e  appear  to  be t h e  major  

hydro log ica l  impacts o f  highway c o n s t r u c t i o n .  S to c k e l e r  (1951, 1965, 

and 1967) found t h a t  p i p e l i n e s  and roads  caused t im ber  d i e - o f f  as a 

r e s u l t  o f  in c re a se d  w ate r  t a b l e  l e v e l s .  A s tu d y  in  Michigan e s t a 

b l i s h e d  t h a t  wet land a r e a s  and t h e i r  a s s o c i a t e d  s u r f a c e  and su b su r 

face  w a te r  movements a r e  s u s c e p t i b l e  to  a l t e r a t i o n  by highways (Davis ,
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Figure  7 . — Water t a b l e  changes a long 1-75 no r th  o f  S t .  Ignace caus
ing f looded c o n d i t io n s  and v e g e t a t i v e  d i e - o f f .
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1978; Krauss ,  1978) found t h a t  due to  s o i l  compaction and changes in  

s o i l  p a r t i c l e  s i z e ,  p e rm e a b i l i ty  changes occur  among the  o rg a n ic  s o i l  

and f i l l  m a t e r i a l .  Fur thermore ,  i n t e g r a t i o n  o f  o rgan ic  m a t t e r  in to  

i n t e r s t i t i a l  pores a t  t h e  o rg an ic  mineral f i l l  i n t e r f a c e  causes  a de

c re a se  in p e r m e a b i l i ty  sometimes g r e a t e r  than  50 p e r c e n t .  Based on 

t h e s e  f i n d i n g s ,  highways a r e  e s s e n t i a l l y  dams which r e t a r d  o r  preven t  

w ater  movement in  w e t lands .

An i n c r e a s e  o r  dec rease  in  water  t a b l e  leve l  i s  most l i k e l y  caused

by a combinat ion o f  the  fo l lo w in g  f a c t o r s :

1. i n s u f f i c i e n t  number o f  c u l v e r t s ;

2. improper  c u l v e r t  placement;

3. i n s u f f i c i e n t  h y d r a u l ic  c a p a c i ty  o f  c u l v e r t s ;

4. damming from highway f i l l ;

5.  reduced h y d rau l ic  c o n d u c t i v i t y  o f  s u r f a c e  and ground wate r  

due to  compaction o f  s o i l s  below th e  highway o r  a d e c l in e  in  p o r o s i t y

due to  o rg a n ic  i n t e g r a t i o n  w i th  mineral  f i l l ;

6. i n c r e a se d  r u n o f f  due t o :  a) i n c r e a se d  a r e a  o f  th e  ground or  

s u r f a c e  watershed  due to  highway l o c a t i o n ;  b) l e s s  u t i l i z a t i o n  o f  w ater  

by v e g e t a t i o n ;  c) decreased  e v a p o t r a n s p i r a t i o n ; d) beheading o f  a sp r in g  

o r  a q u i f e r  dur ing  c o n s t r u c t i o n ;  e) in c r e a s e d  s e a l e d  s u r f a c e  in  t h e  

wate rshed— decreased  i n f i 1t r a t i o n .

The above occur rences  which in c r e a s e  o r  d ec rease  w a te r  t a b l e  

l e v e l s  may occur  s im u l tan eo u s ly  such t h a t  a n e t  i n c r e a s e  o r  dec rease  

r e s u l t s .

F ac to rs  exogenous to  highway a c t i v i t i e s  such as p r e c i p i t a t i o n ,  

land  use 1n th e  w a te r sh ed ,  o r  downstream damming cannot  be c o n t r o l l e d  

by highway p e r so n n e l .  However, f a c t o r s  which cause w ate r  t a b l e  changes
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and r e s u l t  d i r e c t l y  from c o n s t r u c t i o n  a c t i v i t y  may be c o n t r o l l e d .  

Proper  c o n s t r u c t i o n  p r a c t i c e s  can m i t i g a t e  w a te r  t a b l e  changes r e 

s u l t i n g  from inadequa te  p lann ing .  The fo l low ing  procedure  could  be 

taken  in o r d e r  t o  m ain ta in  p r e - c o n s t r u c t i o n  w a te r  t a b l e  l e v e l s .

The f i r s t  s t e p  invo lves  t h e  reco n n a is sa n c e  o f  p r e - c o n s t r u c t i o n  

h y dro log ica l  parameters  in c lu d in g  wate r  t a b l e  l e v e l ;  wa tershed  s i z e ,  

shape ,  and r u n o f f ;  r u n o f f  d i s t r i b u t i o n ;  s o i l  p r o p e r t i e s ;  and e x i s t i n g  

v e g e t a t i o n .  This  examination o f  p r e - c o n s t r u c t i o n  h ydro log ic  para

meters  can then be used as s ta n d a rd s  with  which to  monitor  changes 

dur ing  and a f t e r  c o n s t r u c t i o n ,  and i f  d e s i r e d ,  as a s t a t u s  quo to  

m a in ta in .

I f  d e s i r e d ,  personnel  may apply  c o n s t r u c t i o n  te c h n iq u e s  which 

would p re se rv e  th e  s t a t u s  quo r e f l e c t e d  by w atershed pa ram e te rs .  I f  

the  highway i s  t o  b i s e c t  a l a r g e  p o r t i o n  o f  th e  w a te r sh ed ,  flow p a t 

t e r n s  may change such t h a t  r u n o f f  i s  g r e a t l y  i n c re a se d  a t  a c u l v e r t  

s i t e .  This would most l i k e l y  occur  in w et land  a re a s  o f  lam inar  f low ,  

but  may in  o th e r  a rea s  as well  where c h a n n e l s ,  which o r i g i n a l l y  t r a 

ve rsed  t h e  c o r r i d o r ,  have been r e r o u te d  t o  o t h e r  c u l v e r t  c r o s s i n g s .

I t  i s  e s s e n t i a l  to  in c lu d e  th e  i n c r e a s e d  volume a t  a c u l v e r t  

s i t e  which occurs  as a r e s u l t  o f  d i v e r s i o n  by t h e  highway. I f  th e  

s o i l s  through which the  w a te r  must d e to u r  a r e  f a i r l y  permeable ,  ad

d i t i o n a l  t r a n s m i s s i b i l i t y  ( l a r g e r  o r  more c u l v e r t s )  a t  t h e  s i t e  w i l l  

enab le  s u f f i c i e n t  d ra in ag e .  On t h e  c o n t r a r y ,  i f  s o i l  in  t h e  a rea  i s  

impermeable , c o n d u c t i v i t y  o f  w ate r  may be too  low t o  com ple te ly  d ra in  

t h e  a d d i t i o n a l  i n p u t ,  and ponding w i l l  occur  r e g a r d l e s s  o f  c u l v e r t  

s i z e  o r  t h e  number o f  c u l v e r t s  a t  a s i n g l e  c r o s s i n g .  This  occurs  

p r i m a r i l y  in  w et land  a rea s  o f  o rg a n ic  s o i l s  when laminar  flow i s
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r e s t r i c t e d .  The remedy i s  to  p lace  a s u f f i c i e n t  number o f  c u l v e r t s  a t  

c l o s e  i n t e r v a l s  ac ro ss  th e  t r a n s v e r s e d  lam inar  d ra inage  regime o r  t o  

p lace  c u l v e r t s  in  a r e a s  o f  m ic ro -d ra in ag e  ways as wel l  as  a t  t h e  low es t  

e l e v a t i o n  o f  t h e  wetland c r o s s i n g .

A l t e r a t i o n  o f  d ra inage  regimes w i l l  a f f e c t  t h e  amount o f  flow a t  

a given highway c r o s s in g  and should be cons ide red  in an a n a l y s i s  o f  

r u n o f f  p r i o r  t o  c o n s t r u c t i o n .  Other  a c t i v i t i e s ,  such as beheading o f  

s p r in g s  o r  a q u i f e r s  and a l t e r a t i o n  o r  lo s s  o f  v e g e t a t i o n ,  w i l l  a l s o  

a f f e c t  r u n o f f  and should  be con s id e red  as w e l l .  Although highways do 

i n h i b i t  w ater  movement and highway c o n s t r u c t i o n  may a l t e r  r u n o f f  r a t e s  

and volume, measures which provide  s u f f i c i e n t  d ra in ag e  may minimize 

w ate r  t a b l e  changes.

P o t e n t i a l  impacts  on v e g e t a t i o n  a r e  c o n t r o l l e d  by th e  major  p a ra 

meters a f f e c t i n g  v e g e t a t i v e  type  (F ig .  8 ) .  Any highway a c t i v i t y  t h a t  

a l t e r s  one o f  th e se  parameters  o r  some combinat ion o f  them can r e s u l t  

in  v e g e t a t i v e  changes .  These changes ,  in  t u r n ,  a f f e c t  t h e  w i l d l i f e  

h a b i t a t  as i l l u s t r a t e d  in Figure  9. Thus, p o t e n t i a l  impacts o f  pro

posed highway a c t i v i t i e s  cannot  be d e a l t  wi th  in d ep e n d e n t ly .  A po

t e n t i a l  change o f  one p a ram ete r ,  w ater  t a b l e  l e v e l ,  must be cons ide red  

as an i n t e g r a l  p a r t  o f  a complex system which, in  t u r n ,  a f f e c t s  f l o r a ,  

s o i l s ,  and fauna.
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Soil
Type

B io t i c
Fac to rs

A v a i lab le
Light

A v a i lab le
Water

Decrease in 
V ege ta t ive  

Type

In c rease  in  
V ege ta t ive  

Type

Decrease in 
I n t e r s p e r s i o n  

and Edge

Decrease in 
Vigor and 

P r o d u c t i v i t y

Decrease in  
D i v e r s i t y  and 

Composition

In c re a s e  in 
I n t e r s p e r s i o n  

and Edge

In c re a se  in 
Vigor and 

P r o d u c t i v i t y

In c re a se  in 
D i v e r s i t y  and 

Composition

Vege ta t ion  
Remains S im i l a r  

t o  P re -C o n s t ru c t io n

I n t e r s p e r s i o n  
and Edge Remains 

th e  Same

MAJOR PARAMETERS AFFECTING VEGETATIVE TYPE

Vigor and 
P r o d u c t i v i t y  

Remains t h e  Same

D i v e r s i t y  and 
Composition Remains 

th e  Same

I f  any o f  th e se  a re  changed,  s i n g l y  o r  in  combinat ion ,  
in any p a r t i c u l a r  v e g e t a t i v e  type  (as o u t l i n e d  in  t h e  

Environmental-Highway I n t e r a c t i o n  M a t r ix ) ,  th e  
fo llowing may occur :

Figure 8. — P o te n t i a l  Impacts o f  highway a c t i v i t i e s  on f l o r a .
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P o s t -C o n s t ru c t io n

PRE-CONSTRUCTION HABITAT

Animals Moving 
i n t o  t h e  Area

Inc rease  in 
Carrying Capacity

Displacement o f  
Animals

Popu la t ion  L ike ly  
to  In c re a se

Decrease in  
Carrying Capacity

Movement P a t t e rn s  
Unaffec ted

Popu la t ion  Decreases

Carrying Capaci ty  
Remains th e  Same

Popu la t ion  U naffec ted

Change in 
Species  Composition 

Species  D iv e r s i t y

Decrease in 
Species  Composition 

Species  D i v e r s i t y

Behavior  P a t t e r n s  
f o r  U t i l i z a t i o n  

E s t a b l i s h e d

Behavior  P a t t e rn s  
f o r  U t i l i z a t i o n  

D is rup ted

Species  Composition 
Species  D iv e r s i t y  
Remains t h e  Same

Behavior  P a t t e r n s  
Unaffec ted

In c re a se  in Total 
Amount o f  H a b i ta t  
Type A v a i la b le  to  
W i ld l i f e  Species

Decrease in  Total  
Amount o f  H ab i ta t  
Type A v a i l a b le  to  
W i ld l i f e  Species

No Impact on Total  
A v a i lab le  H a b i t a t  

f o r  W i ld l i f e  Species

Crea t ion  o f  H ab i ta t  
In c re a se  in  

A v a i l a b i l i t y  o f  
Food, S h e l t e r ,  

and Water

Loss o f  H a b i ta t  
Decrease in 

A v a i l a b i l i t y  o f  
Food, S h e l t e r ,  

and Water

H ab i ta t  Remains 
S im i la r  to  

P re -C o n s t ru c t io n  
S ta te

Figure  9 . - - P o t e n t i a l  impacts  o f  highway a c t i v i t i e s  on w i l d l i f e  h a b i t a t s .



CHAPTER IV 

ENVIR0NMENT-HI6HWAY INTERACTION MATRIX

This  m a t r ix  has been developed f o r  use by MDSHT personnel  as  an 

a id  to  p lan n in g ,  d e s ig n in g ,  and c o n s t r u c t i n g  a highway in  Michigan.

The m a t r ix  i s  based on th e  Leopold M atr ix  (Leopold,  1971) and a s h o r t 

ened v e r s io n  o f  th e  Leopold M atr ix  developed and used by th e  Oregon 

Highway Department (C an te r ,  1977).

The m a t r ix  p rov ides  a v i su a l  d i s p l a y  o f  p o t e n t i a l l y  impacted en

vironmental c h a r a c t e r i s t i c s  and major  a c t i o n s  causing im pac ts ;  i t s  

primary advantage be ing  a gross  sc ree n in g  tech n iq u e  f o r  impact iden 

t i f i c a t i o n .  F u r th e r  advantages  o f  t h i s  m a t r ix  a re  in i t s  a b i l i t y  to  

be expanded o r  c o n t r a c t e d  in  scope and to  be modif ied  in  s t r u c t u r e .

The m a t r ix  u t i l i z e d  in fo rm a t ion  such as b e n e f i c i a l ,  n e u t r a l ,  o r  d e t r i 

mental a s p e c t s  o f  environment-highway i n t e r a c t i o n s .  Such a m a t r ix  

can be a more usefu l  dec is ion-making  t o o l .

The m a t r ix  in c lu d es  t h r e e  major  in t e r c o n n e c t e d  s e c t i o n s :

1. Environmental C ond i t ions— based on the  fo u r  n a tu r a l  s c ie n ce

parameters  i n v e s t i g a t e d  in  t h e  s tu d y :

a. S o 1 l s - - m i n e r a l , o r g a n i c ,  and made-land s o i l s ;  d ra inage  

c l a s s e s  (Appendix B);

b. Water— s t a t e ,  q u a l i t y ,  d r a in ag e  regime,  and recharge  

p o t e n t i a l  (Appendix B);

c .  F lo ra — v e g e ta t io n  c l a s s e s  i d e n t i f i e d  in  t h e  MLCUCS (Ap

pendix  A);

33
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d. Fauna--major  b i rd  (Appendix C) and mammal groups (Appen

dix  D).

2.  Highway A c t i v i t i e s — in c lu d e  a c t io n s  which may impact t h e  four  

n a tu r a l  s c ie n ce  parameters  a t  va r ious  s ta g e s  o r  w i th in  s p a t i a l  

boundar ies  i d e n t i f i e d  with  a highway p r o j e c t .  This  s e c t io n

i s  d iv ided  in to  t h r e e  p a r t s :

a .  A c t i v i t i e s  o c c u r r in g  b e f o r e ,  d u r in g ,  and a f t e r  highway 

c o n s t r u c t i o n ,  in c lu d in g  s i t e  p r e p a ra t i o n  and r e s t o r a t i o n ;

b. Impacts o f  h ighw ay- re la ted  s t r u c t u r e s ;

c .  O pera t iona l  impacts induced by t r a f f i c ,  a c c i d e n t s ,  o r  

maintenance.

The ju n c t i o n  between Environmental Condi t ions  (1)  and Highway 

A c t i v i t i e s  (2) on th e  m at r ix  g r id  a llows a space o r  box where poten

t i a l  impacts  can be l i s t e d .  I f  t h e  box i s  empty, t h e r e  i s  e i t h e r  no 

change to  t h a t  p a r t i c u l a r  parameter  o r  t h e  i n t e r a c t i o n  i s  o f  such a 

n a tu r e  t h a t  impacts  a re  minimal o r  ex t rem ely  s h o r t - t e r m .  On th e  

o t h e r  hand, th e  p resence  o f  a code l e t t e r  in t h e  box i n d i c a t e s  some 

type  o f  i n t e r a c t i o n  which must be examined. A l a r g e  number o f  code 

l e t t e r s  tends  to  i n d i c a t e  t h a t  a highway a c t i v i t y  has t h e  p o t e n t i a l  

to  cause major  changes in  th e  environment.

3. Impacts— code l e t t e r s  p r e s e n t  on th e  m a t r ix  r e p r e s e n t  s i g n i 

f i c a n t  i n t e r a c t i o n s  between th e  n a tu r a l  s c ie n c e  parameters  

and highway a c t i v i t i e s .  They a r e  l i s t e d  in  a s e p a ra t e  Table  

o f  Impacts which th e  use r  r e f e r s  t o .  L e t t e r s  a - j  have been 

a s s ig n ed  to  s o i l s ;  â  and k-n to  w a te r ;  o - s  t o  f l o r a ;  and

o ,  p , and t - v  to  fauna.
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Each code l e t t e r  i s  f u r t h e r  broken down to  i n d i c a t e  in what ways 

a highway a c t i v i t y  w i l l  a f f e c t  t h e  s t a t e  o r  c o n d i t io n  o f  a l i s t e d  n a t 

ura l  s c ie n c e  param eter .  In most c a s e s ,  t h e  i n t e r a c t i o n  w i l l  r e s u l t  in  

e i t h e r  a b e n e f i c i a l  (+) o r  d e t r im en ta l  ( - )  im pac t ,  o r  th e  i n c r e a s e  (+) 

o r  d ec rease  ( - )  o f  a p a r t i c u l a r  c o n d i t i o n ,  q u a n t i t y ,  q u a l i t y ,  e t c .  A 

code l e t t e r  w i thou t  a p lus  o r  minus would i n d i c a t e  an i n t e r a c t i o n  which 

would b e n e f i t  some a s p e c t s  o f  a param eter  whi le  being d e t r im e n ta l  to  

o t h e r  a s p e c t s .  A s h o r t  d e s c r i p t i o n  fo l lows  each code l e t t e r  e x p l a i n 

ing the  n a tu r e  o f  t h e  impact as  well  as i t s  p r e d i c t e d  magnitude and 

importance .

The use o f  th e  Environment-Highway I n t e r a c t i o n  M atr ix  in  highway 

decis ion-making  can be v a lu a b le  in p r e d i c t i n g  th e  e f f e c t s  o f  highways 

on e x i s t i n g  environments and to  compare r e s u l t a n t  environments  c r e a t e d  

by h ig h w ay - re la ted  a c t i v i t i e s .  By e v a l u a t i n g  v a r io u s  environmental  

p a ra m e te rs ,  a l t e r n a t e  ro u te s  can be s u f f i c i e n t l y  ana lyzed  p r i o r  to  

highway l o c a t i o n  and c o n s t r u c t i o n .  The major  f u n c t io n  o f  t h e  m a t r ix  

i s  t o  p r e s e n t  an o b j e c t i v e  l i s t  o f  p o t e n t i a l  impacts  r e s u l t i n g  from 

i n t e r a c t i o n s  between n a tu r a l  s c ie n c e  parameters  and highway a c t i v i t i e s .  

With t h i s  in fo rm a t io n ,  d e c i s io n s  can be based on r e sea rch  whi le  r e 

l i a n c e  on personal  op in ions  can be reduced .

Impacts ,  Code L e t t e r s ,  and D e f i n i t i o n s  f o r  Parameters

a Soil  q u a n t i t y — th e  phys ica l  mass o f  s o i l  p r e s e n t  in  a given 

l o c a l i t y

a+ Buildup o r  gain  o f  p ro d u c t iv e  s o i l  th rough a p r a c t i c e  which 

p h y s i c a l l y  adds s o i l  to  an a r e a ,  o r  rec lam a t io n  p r a c t i c e s ,  

such as  a r t i f i c i a l  d r a in a g e ,  which c r e a t e s  more p ro d u c t iv e
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s o i l  a l though  no new s o i l  i s  d e p o s i t e d .  I t  may a l s o  r e f e r  t o

e ro s io n  c o n t ro l  p r a c t i c e s  as s o i l  l o s s  i s  m i t i g a t e d ,

a- Loss o f  s o i l  q u a n t i t y  occurs  as a r e s u l t  o f  t h e  mechanical r e 

moval o f  th e  s o i l  from a s i t e  through excava t ion  o r  as  a r e 

s u l t  o f  e r o s io n .

S u r fa c in g ,  c u t t i n g  and f i l l i n g ,  w et land  f i l l ,  and b r idge s  

a l l  may cause changes in q u a n t i t y  o f  s o i l  to  occur  on a l l  

types  o f  s o i l .  Erosion con tro l  p r a c t i c e s  r e s u l t  in  a b u i l d 

up o f  p roduc t ive  s o i l  whi le  borrow p i t s ,  sp o i l  banks,  h igh

ways, and roads  cause  a l o s s  o f  q u a n t i t y  o f  s o i l ,  

a Water q u a n t i t y — r e f e r s  t o  th e  mass o f  w a te r  p r e s e n t  in  a given

w ater  body, d ra inage  regime,  o r  a q u i f e r .  

a+ An i n c r e a s e  in  w a te r ,

a-  A d e c re a se  in  w a te r .

Sur face  wate r  q u a n t i t y  may be in c r e a s e d  by highways and 

roads  i f  w a te r  i s  dammed o r  by o t h e r  dams o r  impoundments.

I t  i s  decreased  by s u r f a c i n g  and bu rn ing .  Other  f a c t o r s  

which may a f f e c t  q u a n t i t y  o f  s u r f a c e  w a te r  a r e  d ra in ag e  a l 

t e r a t i o n ,  flow m o d i f i c a t i o n ,  and dredging .

Ground wate r  may be i n c r e a se d  by impoundments and e ro s io n  

c o n t ro l  and i s  decreased  by s u r f a c i n g ,  b u rn in g ,  highways, and 

roads  which e i t h e r  i n c r e a s e  r u n o f f  a n d /o r  d ec rease  i n f i l t r a 

t i o n .  Ground w a te r  q u a n t i t y  may a l s o  be a f f e c t e d  by d ra inage  

a l t e r a t i o n ,  flow m o d i f i c a t i o n ,  and removal o f  v e g e t a t i o n .

Q uan t i ty  o f  r echarge  and r u n o f f  i s  a f f e c t e d  by s u r f a c i n g ,  

d ra in ag e  a l t e r a t i o n ,  flow m o d i f i c a t i o n ,  b u rn in g ,  removal o f  

v e g e t a t i o n ,  wet land  f i l l ,  o r  d r a i n i n g ,  e ro s io n  c o n t r o l ,
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l a n d sc a p in g ,  r e f o r e s t a t i o n ,  highways and ro a d s ,  dams, im

poundments,  f i r e s ,  and mechanical weed c o n t r o l .

b Cation Exchange Capaci ty  (CEC)— i s  a measure o f  the  t o t a l  

amount o f  exchangeable  c a t i o n s  t h a t  can be he ld  by th e  s o i l .  

CEC i s  exp ressed  as  a m i l l i e q u i v a l e n t  pe r  100 grams o f  s o i l  

a t  n e u t r a l i t y  (pH=7) o r  a t  some o t h e r  s t a t e d  pH va lues  ( S t e f -  

f e r u d ,  1957). Some f a c t o r s  which a f f e c t  CEC a re  t h e  amount 

o f  o rg a n ic  m a t t e r  in  t h e  s o i l ,  s o i l  p a r t i c l e  s i z e ,  and pH.

In t h i s  c o n t e x t ,  changes in  c a t i o n  exchange w i l l  a l so  occur  

as replacement  o f  a v a i l a b l e  exchange s i t e s  w ith  u n d e s i r a b le  

c a t i o n s .

b+ Improvement of  CEC occurs  as o rg an ic  m a t t e r  i s  added t o  t h e  

s o i l ,  the  s o i l  r e c e iv e s  a d d i t i o n a l  f i n e  p a r t i c l e s  such as 

c lay  o r  s i l t  o r  pH i n c r e a s e s  so t h a t  l e s s  s i t e s  a r e  occupied  

by hydrogen ions .

b- Occurs as exchange s i t e s  a r e  l o s t  th rough removal o f  o rg an ic  

m a t t e r  by burning o r  l o s s  o f  v e g e t a t i o n  o r  e r o s i o n .  S i t e s  

may a l s o  be taken up by u n d e s i r a b le  c a t i o n s  when ca lcium 

hydroxide ions  a r e  in t ro d u c e d  to  th e  s o i l  dur ing  a chemical 

change,  p o s s ib ly  as a r e s u l t  o f  chemical d e - i c i n g .

Chemical d e - i c i n g ,  bu rn ing ,  and s u r f a c i n g  a re  f a c t o r s  

which c o n t r i b u t e  t o  t h e  l o s s  o f  c a t i o n  exchange s i t e s  on 

a l l  s o i l  t y p e s .  O rgan ics ,  which improve c a t io n  exchange 

c a p a c i t y ,  a r e  removed from th e  s o i l  du r ing  bu rn ing .  Chemi

cal  d e - i c i n g  may reduce c a t io n  exchange c a p a c i t y  as  exchange 

s i t e s  become occupied  by u n d e s i r a b l e  c a t i o n s .
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c Erosion r e f e r s  to  th e  movement o f  s o i l  p a r t i c l e s  v i a  wind o r  

w ate r  flow such as s p l a s h ,  s h e e t ,  r i l l ,  b u l l y  o r  i c e  shove. 

c+ P r a c t i c e s  which cause  a d ec rease  in e ro s io n  by caus ing  flow 

o f  w a te r  to  slow, 

c-  An i n c r e a s e  in  e ro s io n  which may occur  as a r e s u l t  o f  a c t i o n s  

which expose t h e  s o i l  to  e r o s iv e  f o r c e s ,  such as  removal o f  

v e g e t a t i o n ,  bu rn ing ,  o r  d ra inage  changes ( i . e . ,  lam inar  flow 

becomes channel flow) such t h a t  t h e  v e l o c i t y  o f  w a te r  flow 

i n c r e a s e s  in  a given l o c a l i t y .

S u r fa c in g ,  b u rn in g ,  removal o f  v e g e t a t i o n ,  and mechanical 

weed co n t ro l  a r e  f a c t o r s  c o n t r ib u t i n g  t o  e ro s io n  on a l l  types  

o f  s o i l s .  Erosion c o n t r o l  p r a c t i c e s ,  l a n d sc ap in g ,  r e f o r e s t a 

t i o n ,  and b a r r i e r s  help  t o  reduce e r o s io n ,  

d Leaching r e f e r s  t o  th e  downward movement o f  e lements  o r  com

pounds through th e  s o i l .  The r a t e  o f  l e ac h in g  r e l a t e s  to  

s o i l  s t r u c t u r e ,  t e x t u r e ,  and p r o f i l e ,  and t o  t h e  r a t e  o f  p e r 

c o l a t i o n  o f  wate r  through th e  s o i l .  

d+ I n c re a s e  in  r a t e  o f  l e a c h in g ,  

d- Decrease in  r a t e  o f  l e a c h in g .

Leaching i s  a f f e c t e d  by s u r f a c i n g ,  burn ing ,  removal o f  

v e g e t a t i o n ,  l an d sc a p in g ,  and r e f o r e s t a t i o n ,  and with dams 

and impediments on a l l  s o i l  t y p e s ,  

e Mulch— accumulated o rg an ic  m a t t e r  a t  o r  nea r  t h e  s u r f a c e  in 

v a r io u s  s t a g e s  o f  decomposit ion .  

e+ The sav ing  o r  b u i ld u p  o f  mulch.

e-  The removal o f  mulch o r  any p r a c t i c e  which causes  mulch to  

be removed.
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Mulch b u i ld s  up as a r e s u l t  o f  e ro s io n  co n t ro l  p r a c t i c e s ,  

lan d sc ap in g ,  r e f o r e s t a t i o n ,  and th e  c o n s t r u c t i o n  o f  b a r r i e r s  

on a l l  ty p es  o f  s o i l s .

Reduction o f  mulch occurs  in  cu t  and f i l l  o p e r a t i o n s ,  

bu rn in g ,  and removal o f  v e g e t a t i o n .  C o ns t ruc t ion  o f  dams 

and impoundments removes s i t e s  f o r  mulch bu i ldup  due t o  the  

inu n d a t io n  o f  s u r f a c e  w a te r s ,  

f  S t r u c t u r e - - t h e  agg lom era t ive  formation o f  s o i l  p a r t i c l e s .  

f+ An improvement in  s o i l  s t r u c t u r e  which i s  b e n e f i c i a l  t o  p l a n t  

growth.

f -  The breakdown o f  agg lom era tes .

Sur fac ing  causes  a breakdown in  s o i l  s t r u c t u r e ,  w hi le  

d ra in ag e  a l t e r a t i o n ,  flow m o d i f i c a t i o n ,  l an d sc a p in g ,  and 

r e f o r e s t a t i o n  c o n t r i b u t e  to  b e n e f i c i a l  s o i l  s t r u c t u r e ,  

g I n f i l t r a t i o n  and p e rm e a b i l i ty  r e f e r  to  w a te r  e n t e r i n g  th e  

s o i l  a t  th e  s o i l  s u r f a c e  and t h e  q u a l i t y  o f  th e  s o i l  in  

terms o f  i t s  a b i l i t y  to  i n f i l t r a t e  w ate r .  

g+ An In c re a s e  in i n f i l t r a t i o n ,  

g- A d ec rease  in  i n f i l t r a t i o n .

I n f i l t r a t i o n  may in c r e a s e  as a r e s u l t  o f  d ra in ag e  a l t e r 

a t i o n ,  flow m o d i f i c a t i o n ,  and burning on a l l  s o i l  t y p e s .  Im

permeable s u r f a c e s  caused by s u r f a c i n g  d ecrease  i n f i l t r a t i o n ,  

h Aerobic  c o n d i t io n s  r e f e r  to  t h e  amount o f  oxygen in  t h e  s o i l .  

h+ Crea t ion  o f  a e ro b ic  c o n d i t i o n s  in  t h e  s o i l ,  

h- A lo s s  o f  oxygen in  th e  s o i l .

Dams and impoundments cause a d ec re a se  in  t h e  a e ro b ic  con

d i t i o n s  o f  t h e  s o i l .
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i Soil  and w a te r  q u a l i t y — th e  summation o f  the  p r o p e r t i e s  im

p a r t e d  t o  t h e  s o i l  and w ater  by th e  p h y s i c a l ,  chem ica l ,  and 

b io lo g ic a l  c h a r a c t e r i s t i c s  in c o n s id e ra t i o n  o f  th e  in tended  

use o f  t h e  s o i l  and w ater .  

i+  In c re a se  in q u a l i t y  fo r  in tended  use .

i -  Decrease in  q u a l i t y  fo r  in tended  use.

Changes in s o i l  q u a l i t y  occur  dur ing  b u rn in g ,  removal o f  

v e g e t a t i o n ,  e ro s io n  co n t ro l  p r a c t i c e s ,  s p i l l s ,  and p o l l u t i o n s .

Changes in  w a te r  q u a l i t y  occur  as a r e s u l t  o f  d ra inage  

a l t e r a t i o n ,  flow m o d i f i c a t i o n ,  d redg ing ,  bu rn ing ,  removal o f  

v e g e t a t i o n ,  w et land  f i l l i n g ,  d r a i n i n g ,  borrow p i t s ,  e ro s io n  

c o n t r o l ,  r e f o r e s t a t i o n ,  l a n d sc a p in g ,  waste  d i s p o s a l ,  dams, 

impoundments, f i r e s ,  s p i l l s ,  p o l l u t i o n ,  and chemical d e - i c i n g ,

j  Soil  m o is tu re  r e f e r s  to  the  amount o f  w a te r  in  t h e  s o i l  i n 

c lud ing  h y g ro sco p ic ,  c a p i l l a r y ,  and f r e e  w a te r .  

j+  An in c r e a s e  in  s o i l  m o is tu re ,

j -  A dec rease  in w a te r  c o n te n t  o f  a s o i l .

Removal o f  v e g e t a t i o n  a f f e c t s  s o i l  m o is tu re  while  land 

scaping and r e f o r e s t a t i o n  r e s u l t  in an i n c r e a s e  in  s o i l  

m o is tu re .  Drainage a l t e r a t i o n s ,  flow m o d i f i c a t i o n s ,  and 

c u l v e r t s  d ec rease  t h e  c a p a c i ty  o f  m o is tu re  f o r  a l l  s o i l  

t y p e s .

k Water t a b l e  lev e l  i s  t h e  upper s u r f a c e  o f  ground w a te r  o r  

t h a t  le v e l  below which the  s o i l  i s  s a t u r a t e d  with  w a te r ;  

locus  o f  p o in t s  in  s o i l  w a te r  a t  which th e  h y d r a u l i c  p r e s 

s u re  i s  equal to  a tmospher ic  p r e s s u r e .
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k+ A r a i s i n g  o f  the  w a te r  t a b l e  l e v e l ,  

k- A lowering o f  t h e  w ate r  t a b l e  l e v e l .

The le v e l  o f  t h e  water  t a b l e  i s  lowered as a r e s u l t  o f  

f i l l i n g  and dra inage  a l t e r a t i o n  m o d i f i c a t i o n s .  Dams and im

poundments i n c r e a s e  th e  wate r  leve l  a d j a c e n t  to  th e  body o f  

s u r f a c e  w ater .

1 Flow p a t t e r n  r e f e r s  t o  p a t t e r n s  o r  s p a t i a l  d i s t r i b u t i o n  o f  

m ig ra t in g  s u r f a c e  w ater .

Flow p a t t e r n s  a re  a f f e c t e d  by s u r f a c i n g ,  c u t t i n g  and 

f i l l i n g ,  d ra in ag e  a l t e r a t i o n  m o d i f i c a t i o n s ,  d redg ing ,  burn

in g ,  removal o f  v e g e t a t i o n ,  wet land  f i l l  o r  d r a in a g e ,  borrow 

p i t s ,  sp o i l  banks,  and e ro s io n  c o n t ro l  p r a c t i c e s  in channel 

d ra inage  and lam inar  d ra in a g e .  Landscaping and r e f o r e s t a t i o n ,  

waste  d i s p o s a l ,  highways, ro a d s ,  b r id g e s ,  dams, and impound

ments ,  c u l v e r t s ,  b a r r i e r s ,  p o l l u t i o n ,  and s p i l l s  a l s o  c o n t r i 

bute  to  changes in flow p a t t e r n s  in  channel d ra in ag e  and 

lam inar  d ra in a g e .

The flow p a t t e r n s  o f  s u r f a c e  wate r  a re  changed as a r e 

s u l t  o f  b r idges  and c u l v e r t s .  Ground w ate r  flow p a t t e r n s  a r e  

a f f e c t e d  by s u r f a c i n g ,  c u t t i n g  and f i l l i n g ,  b u rn in g ,  and wet

land f i l l  o r  d r a in a g e ,  

m Flood p r o b a b i l i t i e s  o r  c h a n c e s - - t h a t  f loods  o f  v a r ious  magni

tude  w i l l  occur .  

m+ An in c r e a s e  in  f lo o d  p r o b a b i l i t i e s ,  

m- A dec rease  in  f lo o d  p r o b a b i l i t i e s .

Sur face  w a te r  f lood  p r o b a b i l i t i e s  a r e  in c r e a s e d  with  s u r 

fac in g  l a n d ,  bu rn ing ,  and removing v e g e t a t i o n .  Dredging,
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e ro s io n  c o n t r o l ,  l a n d sc a p in g ,  and r e f o r e s t a t i o n  a r e  f a c t o r s  

which minimize f lood  p r o b a b i l i t i e s  o f  s u r f a c e  w a te r s ,  

n D i s t r i b u t i o n  r e f e r s  to  s p a t i a l  l o c a t i o n  o f  w a te r .

S u r fa c in g ,  c u t t i n g  and f i l l i n g ,  d ra inage  a l t e r a t i o n  modi

f i c a t i o n s ,  b u rn in g ,  w et land  f i l l  o r  d r a in a g e ,  borrow p i t s ,  

e ro s io n  c o n t r o l ,  highways and roads cause  changes in  s p a t i a l  

d i s t r i b u t i o n  o f  s u r f a c e  w a te r s .

Ground w ater  d i s t r i b u t i o n  i s  a f f e c t e d  by d ra inage  a l t e r 

a t i o n  o r  m o d i f i c a t i o n ,  bu rn in g ,  and the  c o n s t r u c t i o n  o f  h igh

ways and ro ad s .

o Species  d i v e r s i t y - - t h e  number o f  d i f f e r e n t  sp e c ie s  o c c u r r in g

in some l o c a t i o n  o r  under some c o n d i t i o n s .  

o+ Change r e s u l t s  in  an i n c r e a s e  o f  s p e c ie s  d i v e r s i t y ,

o- Change r e s u l t s  in a d e c re a se  o f  sp e c ie s  d i v e r s i t y .

Highway a c t i v i t i e s  can r e s u l t  i n  a + change when e x i s t i n g  

h a b i t a t s  a re  d i s t u r b e d  in  a manner such t h a t  t h e  r e s u l t a n t  

environment  p rov ides  th e  n e c e s sa ry  requ i rem en ts  t o  su p p o r t  a 

l a r g e r  number o f  s p e i c e s .  An i l l u s t r a t i o n  o f  a + ( in c r e a s e )  

in d i v e r s i t y  o f  both fauna and f l o r a  i s  when o v e r s t o r y  spe

c ie s  a r e  removed in  a f o r e s t  producing a r e s u l t a n t  e n v i ro n 

ment o f  an e a r l i e r  s u c c e ss io n a l  s t a g e .  A -  ( d e c rea se )  in 

sp ec ie s  d i v e r s i t y  o f  both  fauna and f l o r a  i s  ap p a ren t  when 

th e  s o i l s  s u r f a c e  i s  paved w i th  c o n c r e t e ,  

p Species  com posi t ion— th e  kinds o f  s p e c ie s  o c c u r r in g  in  some 

l o c a t i o n  o r  under some c o n d i t i o n s .  

p+ Change r e s u l t s  in an i n c r e a s e  o f  t h e  sp e c ie s  d e s i r e d  by man. 

p- Change r e s u l t s  in a d e c rea se  o f  t h e  s p e c i e s  d e s i r e d  by man.
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Avian d i v e r s i t y  o f  a herbaceous  range land  could  be com

p r i s e d  o f  between 25-30 s p e c ie s  w ith  3-5 o f  t h e se  being up

land  game b i r d s .  I f  t h i s  h a b i t a t  i s  d i s t u r b e d  so t h e  r e s u l 

t a n t  environment i s  a sha l low pond (borrow p i t ) ,  t h e  av ian  

d i v e r s i t y  could  remain between 25-30 sp e c ie s  w i th  3-5 being 

water fow l .  Species  com pos i t ion ,  however, has changed from 

s o n g b i r d s ,  b i rd s  o f  p rey ,  and upland gamebirds to  waterfowl 

marsh and s h o r e b i r d s .  Species  composi t ion o f  th e  v e g e ta t io n  

p re se n t  in an environment i s  a f f e c t e d  in  a s i m i l a r  manner.

In t h i s  example, sp ec ie s  in both the  e x i s t i n g  and r e s u l t a n t  

environments  a r e  d e s i r e d  by man. Thus, t h e  q u es t io n  becomes 

which h a b i t a t  o r  combinat ion o f  h a b i t a t s  w i l l  be t h e  most 

advantageous fo r  th e  area  in q u e s t io n ?  

q I n t e r s p e r s i o n —s c a t t e r e d  among o t h e r  t h i n g s ,  l o c a t e d  here 

and t h e r e ;  t h e  a c t  o f  d i v e r s i f y i n g  with th in g s  s c a t t e r e d  

here  and t h e r e .

q+ An in c re a s e  in  i n t e r s p e r s i o n .  An i n c r e a s e  in  i n t e r s p e r s i o n  

i s  g e n e r a l ly  b e n e f i c i a l  because i t  i n c r e a s e s  th e  d i v e r s i t y ,  

q- A dec rease  in  i n t e r s p e r s i o n .  A d ec rease  in  i n t e r s p e r s i o n  i s  

g e n e r a l l y  d e t r im e n ta l  because i t  w i l l  reduce th e  p l a n t  d i v e r 

s i t y  and thus  p l a n t  h a b i t a t  types  a v a i l a b l e  to  a v a r i e t y  o f  

fauna.

I f  a cu t  i s  excavated  through an a c r e  o f  land  c o n ta in in g  

a mature  b r o a d l e a f  f o r e s t  t h a t  has no o pen ings ,  t h e  e f f e c t  

o f  th e  cu t  w i l l  be t o  i n c r e a s e  i n t e r s p e r s i o n  and th u s  d i v e r 

s i t y .  Shrubs and herbaceous s p e c i e s  w i l l  e v e n t u a l l y  move 

i n t o  t h e  c u t ,  and th e  a c re  w i l l  co n ta in  two h a b i t a t  types
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r a t h e r  than one. I f  a cu t  i s  conducted through an a c re  o f  

land in such a way t h a t  t h e  cu t  moves through a b r o a d le a f  

f o r e s t ,  removes a small c o n i f e r  s t a n d ,  and cu ts  through shrub 

r ange land ,  the  o v e r a l l  e f f e c t  w i l l  be a d ec rease  in  i n t e r s p e r 

s io n .  With t h e  cu t  e v e n t u a l l y  s u p p o r t in g  herbaceous and shrub 

ran g e la n d ,  t h e  h a b i t a t  ty p es  in  t h e  a c r e  o f  land  w i l l  be 

changed from t h r e e  to  two. A s i n g l e  a c t i o n  may have two op

p o s i t e  e f f e c t s ,  in one s i t u a t i o n  b e n e f i c i a l ,  in an o th e r  d e t r i 

mental .

r  Edge— a s p e c ia l  type  o f  t r a n s i t i o n  t h a t  r e f e r s  to  a very n a r 

row o r  s t r u c t u r a l l y  ab ru p t  j u n c t u r e  between s e r a i  communit ies; 

t h e  c l a s s i c a l  example being th e  f o r e s t - f i e l d  i n t e r f a c e .  

r+ An in c r e a s e  in  edge.  Edge i s  g e n e r a l l y  an a rea  w ith  high 

sp ec ie s  d i v e r s i t y  because two o r  more h a b i t a t  types  a re  in 

c lo se  p rox im ity  and animals  move e a s i l y  to  and from var ious  

food,  s h e l t e r ,  an d /o r  w a te r  s i t e s ,  

r -  A d ec rease  in edge. Edge i s  c l o s e ly  r e l a t e d  t o  i n t e r s p e r s i o n .  

An i n c r e a s e  in edge i s  a s s o c i a t e d  w i th  an i n c r e a s e  in  i n t e r 

s p e rs io n  and v ice  v e r sa .  In th e  p rev ious  example concern ing  

i n t e r s p e r s i o n ,  a cu t  which in c r e a s e s  i n t e r s p e r s i o n  would i n 

c re a se  edge as w e l l .  A c u t  producing a d ec rea se  in  i n t e r 

s p e r s io n  would produce a d ec re a se  1n edge, 

s D e s t ru c t io n — c e r t a i n  highway a c t i v i t i e s  w i l l  r e s u l t  in t o t a l  

d e s t r u c t i o n  an d /o r  permanent removal o f  v e g e t a t i o n ,  

s -  O b l i t e r a t i o n  o f  v e g e t a t i o n .

In an a rea  which has been s u r f a c e d ,  th e  v e g e t a t i o n  o f  th e  

a r ea  has been comple te ly  and permanently  removed.
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t  H a b i t a t — th e  p lace  where an organism l i v e s ,  o r  t h e  p lace  

where one would go to  f ind  i t .

Each organism has a s p e c i f i c  s e t  o f  requ irem ents  e s se n 

t i a l  t o  i t s  su rv iv a l  and w e l l -b e in g  which c o n s t i t u t e s  i t s  

h a b i t a t .  Highway a c t i v i t i e s  can r e s u l t  in an i n c r e a s e  ( t+ )  

o f  a v a i l a b l e  h a b i t a t  f o r  one sp ec ie s  and a dec rease  ( t - )  o f  

a v a i l a b l e  h a b i t a t  f o r  an o th e r  sp e c ie s  s im u l tan eo u s ly .  Cut 

and f i l l  o p e r a t io n s  through a n o r th e rn  whi te  cedar  swamp r e 

duce th e  amount o f  w in d -p ro te c te d  w in t e r  s h e l t e r  f o r  deer  ( t - ) 

but i n c r e a s e  ( t+ )  th e  forage  a r e a  f o r  snowshoe hare .  

t +  Change c h a r a c t e r i s t i c s  o f  h a b i t a t  r e s u l t i n g  in an i n c r e a s e  in  

ca r ry in g  c a p a c i ty  ( c r e a t i o n ) ,  

t -  Change c h a r a c t e r i s t i c s  o f  h a b i t a t  r e s u l t i n g  in  a d ec rease  in 

c a r ry in g  c a p a c i t y  ( d e s t r u c t i o n  l o s s ) .

C h a r a c t e r i s t i c s — s i z e ,  amount o f  edge,  sp e c ie s  composi

t i o n ,  s p e c ie s  d i v e r s i t y ,  i n t e r s p e r s i o n ,  and p roduc t ion  o f  

food,  s h e l t e r ,  and w ate r ,  

u Carrying c a p a c i ty  i s  th e  number (o r  biomass) o f  organisms o f  

a given sp ec ie s  which can su rv iv e  i n ,  w i th o u t  caus ing  d e t e r 

i o r a t i o n  o f ,  a given ecosystem through th e  l e a s t  f a v o ra b le  

environmenta l  c o n d i t io n s  t h a t  occur  w i th in  a s t a t e d  i n t e r v a l  

o f  t ime.

u+ Change r e s u l t s  in  an i n c r e a s e  in  c a r r y in g  c a p a c i t y .

Highway a c t i v i t i e s  can produce r e s u l t a n t  environments  t h a t  

have more a n d /o r  improved h a b i t a t  f o r  a p a r t i c u l a r  s p e c i e s .  

Edge h a b i t a t  f o r  low n e s t in g  b i r d s ,  small mammals, and b i r d s  

o f  prey i s  o f t e n  c r e a t e d .  When t h e  amount o f  h a b i t a t  a v a i l 

ab le  i n c r e a s e s ,  t h e  a r e a ' s  c a r ry in g  c a p a c i ty  a l s o  i n c r e a s e s .
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u- Change r e s u l t s  in  a decrease  in  c a r ry in g  c a p a c i t y .

D es t ru c t io n  o f  h a b i t a t  a v a i l a b l e  t o  a s p e c i e s ,  such as 

occurs  with s u r f a c i n g ,  lowers t h e  c a r ry in g  c a p a c i ty  o f  t h e  

a r e a .

v B eh a v io r - - th e  response  o f  an i n d i v i d u a l ,  group,  o r  sp ec ie s  to  

t h e  whole range o f  f a c t o r s  c o n s t i t u t i n g  i t s  environment.  

v+ Behavior  changed r e s u l t s  in an i n c r e a s e  in c a r ry in g  c a p a c i ty .

Highway s t r u c t u r e s  such as b r id g e s  and s igns  prov ide  n e s t 

ing s i t e s  f o r  b i rd s  which would no t  have n e s te d  in an area  

where a highway i s  l o c a t e d .  Barn swallows observed  n e s t i n g  

on b r idge  s t r u c t u r e s  i l l u s t r a t e  how highway a c t i v i t i e s  can 

i n c r e a s e  t h e  c a r r y i n g  c a p a c i t y  o f  an a rea  fo r  a given s p e c i e s ,  

v- Behavior  changed r e s u l t s  in a dec rease  in  c a r ry in g  c a p a c i t y .

S epa ra t ing  a community i n to  segments which a re  sm a l l e r  

than  t h e  home range o f  th e  sp e c ie s  in  q u e s t io n  can r e s u l t  in 

animals  avo id ing  an a rea  which,  p r i o r  to  d i s tu r b a n c e ,  was 

s u i t a b l e  h a b i t a t .  B a r r i e r s  such as th e  highway and r e l a t e d  

s t r u c t u r e s  w i l l  a l s o  r e s u l t  in an avoidance behavior  ( v - ) .
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CHAPTER V

ENVIRONMENTAL GUIDE FOR DECISION MAKERS

The o b j e c t i v e s  o f  t h i s  guide a r e  to  p rov ide  a s e t  o f  in fo rm a t io n  

and procedures  t h a t  can a id  d e c i s io n  makers in  e v a lu a t in g  environments  

t h a t  may be impacted by highway a c t i v i t i e s .  This guide i s  p re sen te d  

here  as a to o l  f o r  highway personnel  to  examine both e x i s t i n g  and r e 

s u l t a n t  environments .  However, t h e  in fo rm at ion  and procedures  have 

broad a p p l i c a b i l i t y  to  o t h e r  c o r r i d o r  ana lyses  performed in Michigan. 

Impacts o f  c o r r i d o r s  have s i m i l a r  e f f e c t s  on th e  environments  they  

t r a v e r s e ,  be t h ey  t r a n sm is s io n  l i n e s ,  p i p e l i n e s ,  f i r e  lanes  o r  h igh

ways. Degree o f  impacts  o f t e n  w i l l  vary  bu t  t h e  e c o lo g ic a l  parameters  

and t h e  r e l a t i o n s h i p s  among them a re  t h e  same. Adoption o f  t h e s e  pro

cedures  reduces  r e l i a n c e  on personal  op in ion  and f a c i l i t a t e s  an i n 

f o rm a t io n - g a th e r in g  c a p a b i l i t y  which i s  r e p l i c a b l e ,  q u a n t i f i a b l e  and 

l e g a l l y  fu n c t io n a l  ( F ig .  11) .

The f i r s t  s t e p  in de te rm in ing  e f f e c t s  o f  highway a c t i v i t i e s  i s  to  

q u a n t i f y  the  s i z e  and ty p e  o f  v e g e t a t i v e  communities t h e  proposed c o r 

r i d o r  w i l l  t r a v e r s e .  Since  NEPA d i r e c t i v e s  r e q u i r e  examinat ion  o f  

a l t e r n a t i v e s ,  t h i s  w i l l  n e c e s s i t a t e  examination o f  s e v e ra l  p o t e n t i a l  

r o u t e s .  In fo rm at ion  on v e g e t a t i v e  types  i s  a v a i l a b l e  f o r  a r e a s  o f  

t h e  s t a t e  where imagery has been flown and photo i n t e r p r e t e r s  have 

c l a s s i f i e d  th e  v e g e t a t i o n  us ing  th e  MLCUCS. This in fo rm a t io n  i s  cu r 

r e n t l y  a v a i l a b l e  f o r  highway p lanning  r eg ions  where f u t u r e  c o n s t r u c 

t i o n  i s  being c o n s id e re d .
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Rank Proposed Routes as t o  Leas t  Environm enta l ly  Damaging

Water F lo raS o i l s Fauna

Presen tNone P resen t

Continue 
Eva lua t ion

Modify 
Proposed Route

S e l e c t  
A l t e r n a t i v e  Route

Quant i fy  Loss o f  H ab i ta t  
R e s u l t in g  from P r o je c t

Q uant i fy  Crea t ion  o f  New 
H a b i t a t  R e s u l t in g  from P r o je c t

ENVIRONMENTAL GUIDE FOR DECISION MAKERS

Quantify S ize  and Type o f  V eg e ta t iv e  Communities 
Proposed C o r r id o r  Will T raverse

I d e n t i f y  Areas Known to  P o t e n t i a l l y  Inc lude  C r i t i c a l  H a b i t a t s  
f o r  Rare o r  Endangered P lan t s  and W i l d l i f e  Species

Determine E f f e c t s  o f  Proposed Highway A c t i v i t i e s  on E x i s t in g  
and R e s u l t a n t  Environments Using th e  

Environmental-Highway I n t e r a c t i o n  Matr ix  f o r :

F igure  11 . - D e c i s io n - m a k in g  process  to  s e l e c t  l e a s t  en v i ro n m en ta l ly  
damaging r o u te .
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Once q u a n t i f i c a t i o n  o f  the  s i z e  and type  o f  e x i s t i n g  v e g e t a t i v e  

communities i s  de te rm ined ,  highway p lan n e r s  have assembled t h e  b a s ic  

in fo rm a t io n  n e c e s s a r y  t o  begin an assessment o f  p o t e n t i a l  environmenta l 

im pacts .  This  i s  t h e  p o in t  a t  which many environmental assessments  in 

th e  p a s t  have been cons ide red  complete .

Since no p r o j e c t  r e c e iv e s  approval i f  endangered sp e c ie s  w i l l  be 

a d v e r se ly  impacted by th e  proposed p r o j e c t ,  unaccep tab le  ro u te s  from a 

l eg a l  v iewpoint  can be qu ick ly  ru le d  out by i d e n t i f y i n g  a reas  known to  

inc lude  c r i t i c a l  h a b i t a t s  f o r  endangered f l o r a  o r  fauna.

A procedure  f o r  c o n s id e r in g  endangered an d /o r  t h r e a t e n e d  f l o r a  

dur ing  th e  r o u te  l o c a t i o n  process  i s  i n d i c a t e d  in F igure  12. By u t i l 

i z i n g  th e  h a b i t a t  t y p e  and d i s t r i b u t i o n  in fo rm a t io n  which fo l lows  in 

c o n ju n c t io n  with  t h e  p rocedure  o u t l i n e d  in  Figure  12 ,  highway 

p lanne rs  can q u ic k ly  de termine  i f  proposed c o r r i d o r s  t r a v e r s e  co u n t ie s  

t h a t  c o n ta in  c r i t i c a l  h a b i t a t s  f o r  endangered o r  t h r e a t e n e d  f l o r a .

The v e g e t a t i v e  types  and a s s o c i a t e d  s o i l s ,  w a te r ,  f l o r a  and fauna con

t a i n e d  in Appendix B i n d i c a t e  what s p e c ie s  a re  l i k e l y  to  be p r e se n t  

with  t h e  v e g e t a t i v e  ty p e  being c o n s id e re d .

F i e ld  surveys  to  determine i f  any o f  t h e s e  sp e c ie s  a r e  p r e s e n t  

and how th e  t o t a l  amount o f  c r i t i c a l  h a b i t a t  w i l l  be impacted can then 

be conducted. This  p rocedure  1s much more e f f i c i e n t  than s u g g e s t in g  

a c o r r i d o r  and then  sending  s t a f f  ou t  i n t o  the  f i e l d  to  in v e n to ry  

f l o r a  and to  de termine  i f  any endangered o r  t h r e a t e n e d  s p e c i e s  a re  

p r e s e n t .  By u t i l i z i n g  th e  a forementioned  p ro ced u re ,  th e  s p e c ie s  

which f i e l d  s t a f f  w i l l  be looking f o r  a r e  known in advance.  This  a l 

lows f o r  f u l l  c o n s id e r a t i o n  o f  what s t a g e  o f  development t h e  p l a n t  i s  

i n ,  t im e  o f  t h e  y e a r  most e a s i l y  observed in  t h e  f i e l d ,  a s s o c i a t e d
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Figure

None occur

C r i t i c a l  h a b i t a t s  
encountered

No h a b i t a t s  t r a v e r s e d  
t h a t  c o n ta in  th r e a t e n e d

Species  occur  in  
co u n t ie s

Check (F ig .  13). t o  de termine  i f  any t h r e a t e n e d  
o r  endangered s p e c ie s  occur

What h a b i t a t s  w i l l  t h e  proposed ro u te s  t r a v e r s e ?  
Information  o b ta in e d  from MLCUCS

Determine what c o u n t ie s  th e  proposed 
ro u te s  w i l l  t r a v e r s e

Chose between a l t e r n a t i v e  ro u te s  and compare 
b e s t  r o u te  with  no highway a l t e r n a t i v e

Are any o f  th e se  h a b i t a t s  major h a b i t a t s  f o r  
th r e a t e n e d  o r  endangered sp ec ie s  as 

i n d i c a t e d  in  F igure  13?

F ie ld  surveys  t o  determine i f  s p e c ie s  a re  p r e se n t  
and how t o t a l  amount o f  c r i t i c a l  h a b i t a t  

w i l l  be impacted.  P o s s ib le  ro u te  
m o d i f i c a t io n s  t o  reduce o r  e l im i n a t e  

adverse  impact would a l s o  be e v a lu a te d  
in the  f i e l d

. — Procedures fo r  c o n s id e r in g  th r e a t e n e d  o r  endangered f l o r a  
dur ing  t h e  r o u te  l o c a t i o n  p rocess .
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p la n t  s p e c i e s ,  s o i l s  and d ra in ag e  reg imes,  th e re b y  dec reas ing  th e  

l i k e l i h o o d  o f  over look ing  im portan t  f l o r a .

H a b i ta t  type  and d i s t r i b u t i o n  o f  endangered and t h r e a t e n e d  f l o r a  

a r e  p re se n te d  here  to  augment Figure  13. G rea te r  numbers o f  r a r e  spe

c ie s  a r e  found in t h e  s o u th e a s t e r n  and sou thwestern  co rners  o f  the  

s t a t e  and th e  n o r th e rn  t i p  o f  th e  Lower Pen insu la  (F ig .  13) .  The 

s m a l l e s t  number o f  r a r e  sp e c ie s  a r e  found in  th e  c e n t r a l  a r e a s  o f  

t h e  s t a t e .

Endangered and th r e a t e n e d  a q u a t i c  and wet land  sp e c ie s  a re  concen

t r a t e d  in seve ra l  a reas  o f  t h e  s t a t e .  Some a re  in t h e  s o u th e a s te r n  

co rne r  o f  th e  s t a t e ,  o th e r s  in  t h e  sou thw es t ,  and s t i l l  o th e r s  have a 

d i s t r i b u t i o n  in  t h e  Upper Pen insu la  and n o r the rn  Lower Pen insu la .  

Species  o c c u r r in g  in range land  h a b i t a t s  g e n e r a l ly  show a so u th e rn  d i s 

t r i b u t i o n .  Woodland s p e c ie s  show th e  l e a s t  c h a r a c t e r i s t i c  p a t t e r n s  

because woodland i s  well  r e p re s e n te d  th roughout  the  s t a t e .  Although 

not  d i scu s sed  in  t h i s  r e p o r t ,  endangered and th r e a t e n e d  sp e c ie s  a l so  

occur  on rock o u tc r o p s ,  b l u f f s ,  dunes, and o t h e r  sandy a r e a s .  Species  

f o r  which good h a b i t a t  da ta  a re  l ack in g  o r  which occur  in more than  

one type  o f  h a b i t a t  a re  a l s o  excluded.  For a complete l i s t  o f  endan

gered ,  t h r e a t e n e d  o r  r a r e  v a s c u la r  p l a n t s  in Michigan,  users  a re  r e 

f e r r e d  to  Wagner (1977).

Appendix B a l s o  prov ides  t h e  s t a t u s  and d i s t r i b u t i o n  o f  endan

gered an d /o r  t h r e a t e n e d  fauna so t h a t  h a b i t a t s  im por tan t  t o  th e se  

s p e c ie s  can be i d e n t i f i e d .  Once e s t a b l i s h e d ,  m o d i f i c a t i o n s ,  i f  neces

s a r y ,  t o  avoid such a r e a s  can be made and t h e  e v a lu a t io n  o f  o t h e r  po

t e n t i a l  c o r r i d o r s  con t inued .
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f / U A  a  a  ; 
t a  
*A s ' *  A •  a .

A • .

A. Counties  with  a t r i a n g l e  B. Counties  w ith  a t r i a n g l e
have 24 to  69 endangered have 3 t o  5 t h r e a t e n e d
o r  t h r e a t e n e d  s p e c i e s ;  s p e c i e s ;  t h o se  w ith  a
th o se  with a s o l i d  c i r c l e  s o l i d  c i r c l e  have from
have 15 to  22. none to  2.

H ab i ta t  Type
Endangered

Species
Threa tened 

Speci es
Total

Species

Water (5)*  and 
Wetlands (6) 3 79 82

Rangeland (3) 3 30 33

Woodlands (4) _4 25 29
Total 10 134 144

♦Numbers correspond t o  t h o s e  in  MLCUCS.

Figure  1 3 .— H ab i ta t  type  and d i s t r i b u t i o n  o f  endangered and th r e a t e n e d  
p l a n t s  in  Michigan (Beaman, 1977) .
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Knowing what s o i l s ,  v e g e t a t i o n ,  d ra inage  reg im es ,  and w i l d l i f e  a r e  

a s s o c i a t e d  with  t h e  v e g e t a t i v e  cover  types  provides  usefu l  in fo rm a t ion  

about what r e s u l t a n t  environments  w i l l  be l i k e  a f t e r  c o n s t r u c t i o n .  To 

provide  d e t a i l e d  in fo rm at ion  on what r e s u l t a n t  h a b i t a t s  would have to  

con ta in  to  suppor t  d e s i r e d  p l a n t  and w i l d l i f e  s p e c i e s ,  requ irem ents  f o r  

each were examined. H a b i ta t  r eq u i re m en ts ,  food p r e f e r e n c e s ,  home range ,  

s t a t u s ,  and d i s t r i b u t i o n  f o r  mammals (Appendix B) and b i rd s  (Appendix C) 

found in Michigan were assembled.

With th e  use o f  th e  in fo rm a t io n  assembled on a s s o c i a t e d  s o i l s ,  

d r a in a g e ,  v e g e t a t i o n ,  w i l d l i f e ,  and th e  da ta  a v a i l a b l e  from th e  MLCUCS 

(Appendix B), highway p lanners  can q u ic k ly  determine t h e  n a tu r e  o f  en

vironments t o  be t r a v e r s e d .

Highway c o r r i d o r s  may r e s u l t  in e i t h e r  lo s s  o f  e x i s t i n g  h a b i t a t  or  

c r e a t i o n  o f  new h a b i t a t  t y p e s .  Exact f i g u r e s  o f  such ac reage  may be 

d i f f i c u l t  t o  c a l c u l a t e  in t h e  p r e - c o n s t r u c t i o n  s t a g e  due to  unknown 

param eters .  Such parameters  in c lu d e  va ry ing  techn iques  used by con

t r a c t o r s ,  t ime o f  c o n s t r u c t i o n ,  e x i s t i n g  w ea ther  c o n d i t i o n s ,  and a b i 

l i t y  o f  c o n t r a c t o r s  to  ensure  personnel  fo l low  s t a t e d  plan s p e c i f i c a 

t i o n s .  However, an a t tem p t  should  be made to  q u a n t i f y  t h e s e  changes 

in o r d e r  to  de termine o v e ra l l  impacts  o f  highway a c t i v i t i e s .

Once th e  requ irem ents  f o r  f l o r a  and fauna a r e  e s t a b l i s h e d ,  i t  i s  

p o s s i b l e  to  i d e n t i f y  how highway a c t i v i t i e s  may impact t h e  r e l a t i o n 

sh ip s  among w a te r ,  s o i l s ,  f l o r a ,  and fauna in e x i s t i n g  and r e s u l t a n t  

env ironments .  To determine th e  e f f e c t s  o f  proposed highway a c t i v i t i e s  

on e x i s t i n g  and r e s u l t a n t  environments ,  t h e  m a t r ix  can s e rv e  as a use

ful too l  (F ig .  10).  This m a t r ix  p rov ides  a v i su a l  d i s p l a y  o f  po ten

t i a l l y  impacted environmental c h a r a c t e r i s t i c s  and major a c t i o n s  caus ing
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im pac ts .  Once p o t e n t i a l  impacts  a r e  i d e n t i f i e d ,  examples o f  such im

p a c t s  and how th ey  a r e  r e l a t e d  can be found p re sen ted  in Chapter  I I I .

The f i n a l  s t e p  in  t h e  r o u te  l o c a t i o n  process  invo lves  weighing o f  

a l t e r n a t i v e s  and t r a d e - o f f s  among p o s s i b l e  impacts and m i t i g a t io n  pro

c e s s e s .  U l t im a te ly ,  p lan n e r s  must make value  judgements and t r a d e - o f f s  

in  de te rm in ing  whether  a change should  be avoided .

I t  was no t  t h e  aim o f  t h i s  p r o j e c t  t o  provide  a means o f  dec id ing  

where a highway should  be l o c a t e d .  Ra ther  i t  was t o  provide  methods 

fo r  an o b j e c t i v e  e v a lu a t io n  o f  t h e  environment  in  q u e s t i o n ,  based on 

n a tu r a l  s c ie n c e  parameters  t h a t  a r e  m easurable .  The r e l a t i o n s h i p s  

among n a tu ra l  s c ie n c e  param eters  a r e  d e s c r ib e d  and e v a lu a t e d  t o  com

pare highway r o u te s  in  a more a n a l y t i c a l  way. Thus, a proposed change 

and f i n a l  impact can be o b j e c t i v e l y  e v a lu a t e d ,  making i t  p o s s ib l e  to  

compare s e v e ra l  e x i s t i n g  and r e s u l t a n t  environments  b e fo re  ro u te  s e l 

e c t i o n .



CHAPTER VI 

SUMMARY AND CONCLUSIONS

All highway p r o j e c t s  r e q u i r e  an environmenta l impact assessm ent  

b e fo re  c o n s t r u c t io n  i s  a u th o r iz e d .  Highway agenc ies  have been acknow

ledged as being among th e  l e a d e r s  in  f i l i n g  environmental impact s t a t e 

ments.  However, a major  c r i t i c i s m  o f  a l a r g e  p e rcen tage  o f  f i l e d  EIS 's  

i s  t h a t ,  w h i le  NEPA g u id e l in e s  a re  fo l lowed  s u f f i c i e n t l y  f o r  l e g a l  pur

poses ,  t h e  s ta te m e n ts  a re  inadequa te  in  d e s c r ib in g  how th e  proposed 

p r o j e c t  a c t u a l l y  impacts the  environment.

I f  e x i s t i n g  and r e s u l t a n t  environments  impacted by highway a c t i 

v i t i e s  a re  t o  be understood so t h a t  t h e  in fo rm a t io n  n ec e s sa ry  to  make 

wise r e so u rce  d e c i s io n s  i s  p o s s i b l e ,  an e c o lo g ic a l  approach f o r  h igh

way r o u t i n g  must be adopted .  I t  i s  im por tan t  f o r  highway personnel  to  

become aware o f  t h e  h o l i s t i c  concept o f  ecosystems which i s  b u i l t  upon 

t h r e e  major  e c o lo g ic a l  p r i n c i p l e s .  They a r e :  1) to  p r o t e c t  c r i t i c a l  

environments  and h a b i t a t s ;  2) t o  adopt  a lo n g - te rm ,  c a r r y in g  c a p a c i ty  

approach to  ecosystem management; and 3) p rev e n t io n  o f  i r r e v e r s i b l e  

changes in th e  environment.

The adopt ion  o f  an ecosystem approach with  t h e  aforement ioned  

p r i n c i p l e s  can improve t h e  a n a l y s i s  p rocedure  and he lp  a s s u r e  t h a t  

p r o j e c t  impacts  a re  e v a lu a te d  in a more meaningful manner. By r e 

f e r r i n g  to  t h e  m a t r i x ,  a highway d e c i s io n  maker can r e a d i l y  see  th e  

f a r - r e a c h i n g  environmenta l impacts  r e s u l t i n g  from the  c o n s t r u c t i o n ,

56
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o p e r a t i o n ,  and maintenance o f  highways and r e l a t e d  s t r u c t u r e s .  Each 

a c t i v i t y  p r e s e n t s  t h e  p o t e n t i a l  f o r  impact in  a l l  n a tu r a l  sys tem s.  On 

t h e  m a t r ix ,  t h e  i n t e r a c t i o n s  i l l u s t r a t e d  a r e ,  g e n e r a l l y ,  o f  a primary 

n a tu re  and can be d e a l t  with  as such. For example, by a l low ing  f o r  an 

adequate  number o f  p r o p e r ly  i n s t a l l e d  c u l v e r t s ,  w ate r  impoundment can 

be avoided.  These c o n s id e r a t i o n s  a r e  economic and en g in e e r in g  in na

t u r e ,  and can be de r ived  by h y d ra u l ic  r e se a r c h  o f  t h e  a rea  t r a v e r s e d  

by the  highway, c a l c u l a t i n g  th e  amount o f  w ate r  to  be d r a in e d ,  and en

s u r in g  t h a t  t h e r e  a r e  s u f f i c i e n t  funds a v a i l a b l e  f o r  t h e  r e q u i r e d  num

ber  o f  c u l v e r t s .

A highway d ec i s io n  maker,  t h in k in g  in terms o f  an ecosystem ap

proach t o  problem s o lv i n g ,  w i l l  a l s o  c o n s id e r  th e  a rea s  a d j a c e n t  to  

t h e  r ig h t - o f -w a y  (ROW) where t h e  secondary impacts  o f  highway a c t i 

v i t i e s  occur .  For example, too  much d ra inage  w i l l  cause a d ry ing  o f  

o rgan ic  s o i l s  r e s u l t i n g  in a l o s s  o f  s o i l ,  v e g e ta t io n  dependent on 

th e  s o i l ,  and a change in  w a te r  t a b l e  l e v e l s .  Not enough o r  i n t e r 

rup ted  d ra inage  w i l l  cause  a l o s s  o f  w a t e r - i n t o l e r a n t  p l a n t  s p e c i e s .  

Some swamp s p e c i e s ,  on t h e  o t h e r  hand, a r e  t o l e r a n t  to  a high w ater  

t a b l e  bu t  a r e  s e n s i t i v e  and perhaps i n t o l e r a n t  t o  an extended pe r io d  

o f  e x cess iv e  f lo o d in g .  In such c a s e s ,  w i l d l i f e  a r e  a l s o  a f f e c t e d  by 

h a b i t a t  a l t e r a t i o n .

A major  problem encounte red  by d e c i s io n  makers i s  de termining  

which impacts  a re  im p o r ta n t .  I t  i s  a t  t h i s  p o in t  in an a n a l y s i s  t h a t  

s u b j e c t i v i t y  i s  in t ro d u c e d  (C an te r ,  1975).  Whether an impact i s  impor

t a n t  o r  not depends t o  a g r e a t  e x t e n t  on who the  i n v e s t i g a t o r  o r  ob

s e r v e r  i s .  This  shows th e  s i g n i f i c a n c e  o f  an i n t e r d i s c i p l i n a r y  and 

h o l i s t i c  "team" approach to  a n a l y s i s  and problem s o lv in g .  The da ta
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provided by many d i s c i p l i n e s  can be i n t e g r a t e d  more o b j e c t i v e l y ,  but  

the  importance o f  impacts must be weighted in  each case  to  add o b je c 

t i v i t y  t o  the f i n a l  a n a l y s i s .

Thus, th e  ty p es  o f  r e s u l t a n t  environments  c r e a t e d  from highway 

a c t i v i t i e s  can be viewed e i t h e r  as d e s i r a b l e  o r  u n d e s i r a b le  based on 

va lue  judgements o f  t h e  d e c i s io n  makers.

Van Winkle and o th e r s  (1976) d iscuss  t h e  ro le  o f  e c o l o g i s t s  in 

de termin ing  th e  a c c e p t a b i l i t y  o f  environmental  im pacts .  T h e i r  frame

work charges  t h e  e c o l o g i s t  o r  ecosystem manager to  be aware o f  c e r t a i n  

c o n s t r a i n t s :

a.  knowledge l i m i t a t i o n s  in  a s s e s s in g  impacts a c c u r a t e l y  and 

with  some degree o f  c e r t a i n t y ;

b. t h e  r o l e  o f  value judgements in d e c i s io n  making; and

c. t h e  i n t e r f a c e  between progress  and environmenta l  p r o t e c t i o n .

The s i z e  and complexi ty  o f  an ecosystem along w i th  a lack  o f  know

ledge on th e  p a r t  o f  i n v e s t i g a t o r s  in t ro d u c e s  a s e t  o f  compromises 

which ecosystem managers must c o n s id e r  in a s s e s s i n g  p r o j e c t  im pac ts .

Andrews (1973) proposes a new thought  process  f o r  p r e d i c t i n g  th e  

consequences o f  a l t e r n a t i v e  a c t i o n s .  Basic to  t h i s  approach i s  th e  

r e a l i z a t i o n  t h a t  impacts  a f f e c t  whole sys tem s,  whether  n a tu r a l  o r  

a r t i f i c i a l .  Highway a c t i v i t i e s  can cause both gross  and s u b t l e  e f 

f e c t s :  a change in w i l d l i f e  s p e c i e s  composi tion i s  much l e s s  drama

t i c  than  widespread v e g e ta t io n  a l t e r a t i o n  o r  d i e - o f f .  Also t h e  com

plex  i n t e r r e l a t i o n s h i p s  among ecosystem components may no t  always be 

quick to  show t h a t  an impact has occu r red .  Thus, an u nders tand ing  o f  

n a tu r a l  systems and how th ey  can be a l t e r e d  i s  n e cessa ry  to  make v a l i d  

p r e d i c t i o n s  and c o n s c ie n t io u s  d e c i s io n s .



59

Assessment o f  highway impacts  should  be an on-going p rocess  from 

th e  i n i t i a l  p lanning  s ta g e s  u n t i l  a f t e r  c o n s t r u c t io n  i s  completed.

All s ta g e s  o f  p lan n in g ,  c o n s t r u c t i o n ,  o p e ra t io n  and maintenance should  

be f l e x i b l e  enough t o  a l low f o r  m o d i f ic a t io n  as new impacts a r e  d i s 

covered dur ing  and a f t e r  c o n s t r u c t i o n .  Once th e  approach in  t h i s  

s tudy  fo r  ana lyz ing  highway-environment r e l a t i o n s h i p s  has been u t i l 

i z e d ,  m oni to r ing  and management programs should be developed.  P r o je c t  

impacts should be con t in u o u s ly  observed  to  de termine  i f  c u r r e n t  p rac 

t i c e s  a re  adequate  f o r  f u t u r e  highway p r o j e c t s .

The e c o lo g ic a l  approach developed in  t h i s  s tudy  prov ides  th e  ba

s i s  f o r  improved environmental assessment  and more informed d e c i s io n  

making. The framework o f  t h e  MLCUCS was expanded to  in c lu d e  a s so 

c i a t e d  s o i l  g roups ,  d ra in ag e  reg im es ,  w i l d l i f e  sp e c ie s  and endangered 

o r  t h r e a t e n e d  f l o r a .  To prov ide  in fo rm at ion  on what r e s u l t a n t  e n v i r 

onments would have to  c o n ta in  t o  su p p o r t  d e s i r e d  fauna ,  d e t a i l e d  i n 

formation on h a b i t a t  r e q u i re m e n ts ,  d i s t r i b u t i o n ,  r e s i d e n t  s t a t u s ,  and 

food p re fe ren ce s  o f  Michigan b i rd s  and mammals was compiled. This 

com pi la t ion  o f  in fo rm a t ion  s e rv e s  as the  b a s i s  f o r  examining th e  e f 

f e c t s  o f  highway a c t i v i t i e s  upon th e  r e l a t i o n s h i p s  among s o i l s ,  w a te r ,  

f l o r a  and fauna .  Use o f  th e  s p e c i e s  r eq u i rem en ts ,  m a t r ix ,  assessment  

framework and guide f o r  d ec i s io n  makers p rov ides  a mechanism f o r  more 

e f f i c i e n t l y  and e f f e c t i v e l y  comparing p o t e n t i a l  impacts  o f  a l t e r n a t i v e  

ro u te s  in a more a n a l y t i c a l  way b e fo re  ro u te  s e l e c t i o n .  The e c o lo g i 

cal approach p r e se n ted  was developed f o r  highway ro u t in g  in  Michigan. 

However, with m o d i f i c a t i o n s  t h i s  approach can be u t i l i z e d  f o r  any type  

o f  c o r r i d o r  a n a l y s i s  in Michigan. This  approach reduces  r e l i a n c e  on 

personal o p in io n s ,  i s  r e p l i c a b l e ,  q u a n t i f i a b l e  and l e g a l l y  f u n c t i o n a l .
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APPENDIX A

CLASSIFICATION, DEFINITION, AND DESCRIPTION OF 
MICHIGAN VEGETATIVE ASSOCIATIONS

3 RANGELAND*

Rangeland i s  de f in ed  as  a re a s  s u p p o r t in g  e a r l y  s t a g e s  o f  p l a n t  suc
c e s s io n  c o n s i s t i n g  o f  p l a n t  communities c h a r a c t e r i z e d  by g ra s s e s  o r  
sh ru b s .  In cases  where t h e r e  i s  obvious  evidence o f  s e e d in g ,  f e r 
t i l i z i n g  o r  o t h e r  c u l t u r a l  p r a c t i c e s ,  t h e s e  a reas  should  be mapped 
as  r o t a t i o n  o r  improved p a s tu r e  ( A g r i c u l tu r a l  Land, 2122 and 2123).

31 Herbaceous Rangeland

Herbaceous rangelands  a r e  dominated by n a t i v e  g r a s s e s  and f o rb s .  
Such a r e a s  a r e  o f t e n  s u b je c te d  to  cont inuous d i s tu rb a n c e  such 
as mowing, g raz ing  o r  burning to  m ain ta in  t h e  herbaceous  ch a r 
a c t e r .  Typical  p l a n t  s p e c ie s  a r e  quackgrass ,  Kentucky b lue -  
g r a s s ,  upland and lowland s e d g e s ,  r eed  canary  g r a s s ,  c l o v e r s ,  
e t c .

311 Upland Herbaceous Rangeland

312 Lowland Herbaceous Rangeland

32 Shrub Rangeland

Shrub rangelands  a re  dominated by n a t iv e  shrubs  and low woody 
p l a n t s .  I f  l e f t  u n d i s tu rb e d ,  such a reas  a r e  soon dominated by 
young t r e e  growth. Typical  shrub sp e c ie s  in c lu d e  b lac k b e r ry  
and r a s p b e r r y  b r i a r s ,  dogwood, w i l low ,  t a g  a l d e r ,  e t c .

321 Upland Shrub Rangeland

*Rangelands,  f o r e s t  l a n d s ,  and wet lands  a r e  c l a s s i f i e d  accord ing  to  
p l a n t  a s s o c i a t i o n s  as th ey  a r e  i d e n t i f i e d  w ith  th e  v a r io u s  s ta g e s  o f  
e c o lo g ic a l  su c ce ss io n  in Michigan. D e f i n i t i o n s  f o r  wet lands  were ex
t r a c t e d  from G o le t ,  F rancis  C. and Larson,  Joseph S. (G/L),  " C l a s s i f i 
c a t i o n  o f  Freshwater  Wetlands in  th e  G la c ia t e d  N o r th e a s t , "  U.S. Depar t
ment o f  t h e  I n t e r i o r ,  Bureau o f  Spor t  F i s h e r i e s  and W i l d l i f e  Resource 
P u b l i c a t i o n  116, 1974, modif ied  f o r  Michigan c o n d i t io n s  (Michigan Land 
Use C l a s s i f i c a t i o n  and Referencing  Committee, 1976).
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4 FOREST LAND

F o res t  lands  a r e  lands  t h a t  a r e  a t  l e a s t  10 p e rc en t  s tocked  by t r e e s  
producing an i n f lu e n c e  on the  c l im a te  o r  w a te r  regime. F o re s t  land  
can g e n e r a l l y  be i d e n t i f i e d  r a t h e r  e a s i l y  from h i g h - a l t i t u d e  imagery.

Lands from which t r e e s  have been removed to  l e s s  than 10 p e rc e n t  
s to c k in g  bu t  which have no t  been developed f o r  o t h e r  use a r e  a l s o  
i n c lu d e d .  For example, lands  on which t h e r e  i s  f o r e s t  r o t a t i o n ,  
in v o lv in g  c l e a r - c u t t i n g  and block p l a n t i n g ,  a r e  p a r t  o f  F o re s t  Land. 
On such l a n d s ,  when t r e e s  reach m arketab le  s i z e ,  which f o r  pulpwood 
in t h e  S o u th e a s te rn  United S t a t e s  may occur  in  two to  t h r e e  decades ,  
t h e r e  w i l l  be l a r g e  a reas  t h a t  have l i t t l e  o r  no v i s i b l e  f o r e s t  
growth. The p a t t e r n  can sometimes be i d e n t i f i e d  by th e  p resence  o f  
c u t t i n g  o p e r a t i o n s  in t h e  m ids t  o f  a l a r g e  expanse o f  f o r e s t .  Un
l e s s  t h e r e  i s  evidence o f  o t h e r  u se ,  such a r e a s  o f  l i t t l e  o r  no 
f o r e s t  growth should  be in c lu d ed  in  t h e  F o re s t  Land c a te g o ry .
Lands t h a t  meet t h e  requ irem en ts  f o r  F o re s t  Land and a l s o  f o r  a 
h ig h e r  use c a te g o ry  should  be p laced  in  th e  h ig h e r  c a te g o ry .  Shrub 
communities w i l l  be mapped under  Rangeland (up land)  and Wetland 
( lo w la n d ) .

41 Broadleaved F o re s t  ( g e n e r a l l y  deciduous)

In Michigan t y p i c a l  s p e c ie s  a r e  oak,  maple, beech ,  b i r c h ,  a s h ,  
h ick o ry ,  a spen ,  cot tonwood,  and ye l low p o p la r .

411 Upland Hardwoods

412 Aspen, White B i rch ,  and A sso c ia ted  Species

413 Lowland Hardwoods

42 Coniferous  F o res t

Coniferous  f o r e s t s  in c lu d e  a l l  f o r e s t e d  a re a s  in  which th e  t r e e s  
a r e  predominantly  th o se  with  needle  f o l i a g e .  In Michigan t h e s e  
would in c lu d e  s p e c ie s  such as p in e ,  s p r u c e ,  balsam, l a r c h ,  hem
l o c k ,  and cedar .

421 Upland Conife rs

422 Lowland Conifers

43 Mixed Conife r -Broadleaved  F o re s t

Mixed f o r e s t  land in c lu d e s  a l l  f o r e s t e d  a r e a s  where both  broad
leaved  and co n i f e ro u s  t r e e s  a r e  growing.

431 Upland Hardwoods and Pine A s so c ia t io n s

432 Aspen, Birch w i th  C o n i fe r  A s s o c ia t io n s
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433 Lowland Hardwoods w i th  Cedar,  Spruce,  Tamarack, E tc .  Asso
c i a t i o n s

434 Upland C on ife rs  with  Maple, Elm, Ash, Aspen, and B irch ,
Etc .  A s so c ia t io n s

435 Lowland C on ife rs  with Maple, Elm, Ash, Aspen, B i rch ,  Etc .  
A s so c ia t io n s

6 WETLANDS

Wetlands a r e  t h o se  a re a s  where the  w ate r  t a b l e  i s  a t ,  n e a r ,  o r  above 
t h e  land  s u r f a c e  f o r  a s i g n i f i c a n t  p a r t  o f  most y e a r s .  The hydro
lo g ic  regime i s  such t h a t  a q u a t i c  o r  hydrophytic  v e g e t a t i o n  u s u a l ly  
i s  e s t a b l i s h e d ,  a l though  a l l u v i a l  and t i d a l  f l a t s  can be non
v e g e ta t e d .  Wetlands a r e  f r e q u e n t l y  a s s o c i a t e d  with  topo g ra p h ic  lows,  
even in  mountainous r e g io n s .  Examples o f  wet lands  in c lu d e  marshes ,  
m u d f l a t s ,  wooded swamps, and f l o a t i n g  v e g e ta t io n  s i t u a t e d  on th e  
sha l low  margins o f  bays ,  l a k e s ,  r i v e r s ,  ponds, s t r eam s ,  and man- 
made impoundments such as  r e s e r v o i r s .  They in c lu d e  wet meadows o r  
perched bogs in  high mountain v a l l e y s  and s e a s o n a l l y  wet o r  f looded  
b as in s  o r  p o th o le s  w i th  no s u r f a c e  w ater  o u t f lo w .  Shallow w ate r  
a reas  w ith  submerged a q u a t i c  v e g e t a t i o n  a re  c l a s s e d  as Water and 
a re  no t  in c lu d ed  in  th e  Wetlands ca te g o ry .

Wetland a r e a s  d r a in e d  f o r  any purpose belong to  o t h e r  land  use c a t e 
g o r i e s ,  whether  i t  be A g r i c u l tu r a l  Land, Rangeland,  F o re s t  Land, o r  
Urban and Bu i l t -U p  Land. When th e  d ra in ag e  i s  d isco n t in u ed  and such 
use c e a s e s ,  c l a s s i f i c a t i o n  r e v e r t s  to  Wetlands a f t e r  c h a r a c t e r i s t i c  
v e g e t a t i o n  i s  r e - e s t a b l i s h e d .  Wetlands managed f o r  w i l d l i f e  purposes 
may show s h o r t - t e r m  changes in  v e g e t a t i v e  type  and wetness  c o n d i t io n  
as d i f f e r e n t  management p r a c t i c e s  a r e  used,  bu t  a r e  p ro p e r ly  c l a s s i 
f i e d  Wetlands.

Two s e p a r a t e  boundar ies  a r e  im por tan t  with  r e s p e c t  t o  w et land  d i s 
c r i m i n a t i o n :  t h e  upper  wet land  boundary above which p r a c t i c a l l y
any ca te g o ry  o f  l an d  cover  may e x i s t ,  and th e  boundary between wet
land and open w a te r  beyond which th e  a p p r o p r i a t e  Water c a teg o ry  
should  be employed.

F o res ted  Wetland and Non-Forested  Wetland a re  th e  Level I I  c a t e 
g o r ie s  o f  Wetlands.

61 F o res ted  (wooded) Wetlands

F o r e s t  wet lands  in c lu d e  s e a s o n a l l y  f looded bottomland hardwoods, 
shrub swamps, and wooded swamps in c lu d in g  th o se  around bogs. 
Because f o r e s t e d  w et lands  can be d e te c te d  and mapped us ing  s e a 
sonal (winter/summer)  imagery,  and because d e l i n e a t i o n  o f  f o r 
e s t e d  w et land  i s  needed f o r  many environmenta l  p lanning  a c t i 
v i t i e s ,  they  a r e  s e p a r a t e d  from o t h e r  f o r e s t  land .  Wooded 
swamps and f l o o d p l a i n s  c o n ta in  p r i m a r i l y  oak ,  red  maple,  elm, 
a s h ,  a l d e r ,  and wil low.  Bogs t y p i c a l l y  c o n ta in  l a r c h ,  b lack
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sp ru c e ,  and heath  sh ru b s .  Shrub swamp v e g e t a t i o n  in c lu d es  a l d e r ,  
w il low,  and bu t tonbush .

(611) Wooded swamps (mapped under f o r e s t r y  c a t e g o r i e s  413, 422, 
433, 435)

This c l a s s  a p p l i e s  to  wet lands dominated by t r e e s .  The 
s o i l  s u r f a c e  i s  s e a s o n a l l y  f looded  with  up t o  one fo o t  
o f  w a te r .  Several  l e v e l s  o f  v e g e t a t i o n  a r e  u s u a l ly  p re 
s e n t ,  i n c lu d in g  t r e e s ,  s h ru b s ,  and herbaceous p l a n t s .  
Broadleaved swamps would be p laced  in  t h e  f o r e s t r y  c a t e 
gory 413 and 433; c o n i f e ro u s  swamps a r e  p laced  in  f o r e s t r y  
c a teg o ry  422 and 435. Wooded bogs a r e  p laced  in  f o r e s t r y  
c a te g o ry  422 and 435

612 Shrub Swamps

This c l a s s  a p p l i e s  to  wet lands dominated by shrubs where 
t h e  s o i l  s u r f a c e  i s  s e a s o n a l ly  o r  permanently  f looded with 
as much as 12 inches  o f  w ate r .  C h a r a c t e r i s t i c  emergent 
p la n t s  p rov id ing  cover  beneath  th e  shrubs  a r e  th e  sedge 
and s e n s i t i v e  f e r n .  Meadow or  marsh emergents  occupy open 
a r e a s .

62 Non-Fores ted (non-wooded) Wetlands

N on- fo res ted  wet lands a re  dominated by wet land  herbaceous vege
t a t i o n .  These wetlands  in c lu d e  in la n d  n o n - t i d a l  f r e s h  marshes ,  
f r e s h w a te r  meadows, wet p r a i r i e s ,  and open bogs.  The fo l low ing  
a re  examples o f  v e g e ta t io n  a s s o c i a t e d  with  n o n - fo r e s t e d  w et land .  
Narrow-leaved emergents such as co rdg ra ss  and rush a r e  dominant 
in  c o a s t a l  marshes .  Both narrow -leaved  emergents  such as c a t 
t a i l ,  b u l ru s h ,  sedges  and o t h e r  g r a s s e s ,  and b ro ad - leav ed  emer
gents  such as w a te r  l i l y ,  p ickere lw eed ,  arrow arum, and arrow
head a re  t y p i c a l  o f  f r e s h  w a te r  l o c a t i o n s .  Mosses and sedges  
grow in  wet meadows and bogs.

(621) Marshland Meadow

This c l a s s  a p p l i e s  to  wet lands dominated by meadow emer
g e n t s ,  with  up t o  s i x  inches  o f  s u r f a c e  w a te r  in  t h e  
l a t e  f a l l ,  w i n t e r  and e a r l y  s p r i n g .  During th e  growing 
season ,  t h e  s o i l  i s  s a t u r a t e d  and th e  s u r f a c e  exposed,  
except  in  sha llow d ep ress io n s  and d r a in ag e  d i t c h e s .
Meadows occur most commonly on a g r i c u l t u r a l  land  where 
p e r io d ic  g raz ing  o r  mowing keeps shrubs  from growing.

622 Mudflats

Mudfla ts  in c lu d e  a r e a s  s u p p o r t in g  l i t t l e  o r  no v e g e t a t i o n  
exposed dur ing  pe r iods  o f  low w a te r .
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623 Shallow Marshes

This c l a s s  a p p l i e s  t o  wet lands  dominated by ro b u s t  o r  marsh 
emergents ,  with an average  w a te r  depth o f  l e s s  than  s i x  
inches  dur ing  t h e  growing season .  Surface  w ate r  may be 
p re se n t  th roughou t  t h e  y e a r  o r  ab sen t  dur ing th e  l a t e  sum
mer and abnormal ly  dry p e r io d s .  F lo a t in g  leaved p la n t s  
and submergents a re  u s u a l ly  p r e s e n t  in open a r e a s .  Duck
weed i s  o f t e n  abundant in  q u i e t  w a te r .  Submergents a re  
p r im a r i l y  sh a l lo w -w a te r  sp e c ie s  l i k e  c o o n t a i l ,  b lad d e rw o r t ,  
and waterweed. Cover p l a n t s  g e n e r a l ly  occupy 50 p e rce n t  o f  
th e  marsh a r e a .

624 Deep Marshes

This c l a s s  a p p l i e s  to  wet lands  with  an average  w ater  depth 
between s i x  inches  and t h r e e  f e e t  dur ing  th e  growing s ea 
son. Emergent marsh v e g e ta t io n  i s  u s u a l ly  dominant,  with  
s u r f a c e  and submergent p l a n t s  p r e s e n t  in  open a r e a s .  Cover 
p l a n t s  g e n e r a l l y  occupy l e s s  than 50 pe rc en t  o f  th e  marsh 
a r e a .



APPENDIX B

VEGETATIVE TYPES AND ASSOCIATED SOILS, 
WATER, FAUNA AND FLORA

RANGELAND—Areas su p p o r t in g  e a r l y  s ta g e s  o f  p l a n t  su ccess io n  c o n s i s t 
ing o f  p l a n t  communities c h a r a c t e r i z e d  by g ra s s e s  o r  sh ru b s .  
V eg e ta t iv e  ty p es  i d e n t i f i e d  w i th in  t h i s  c l a s s i f i c a t i o n  a re  
Upland Herbaceous Rangeland,  Lowland Herbaceous Rangeland, 
and Upland Shrub Rangeland. Each o f  t h e s e  v e g e t a t i v e  types  
provide  h a b i t a t  f o r  s ev e ra l  endangered an d /o r  t h r e a t e n e d  
p l a n t  s p e c i e s  t h a t  a r e  a s s o c i a t e d  with  r an g e lan d s .  The 
primary endangered p l a n t s  in c lu d e  B a p t i s i a  leucophaea (cream 
w i ld  i n d i g o ) ,  Gentiana s ap o n a r ia  (soapwort g e n t i a n ) ,  and 
Peta l  ostemon purpureum ( r e d  p r a i r i e  c l o v e r ) .  Famil ies  which 
c o n ta in  one o r  more t h r e a t e n e d  s p e c ie s  in  range land  h a b i t a t  
a r e  Cyperaceae (1 s p e c i e s ) ,  Poaceae ( 4 ) ,  Acanthaceae ( 1 ) ,  
Apiaceae ( 1 ) ,  A sc lep iadaceae  ( 3 ) ,  Asteaceae ( 1 0 ) ,  Convol- 
vulaceae  ( 1 ) ,  Fabaceae ( 1 ) ,  Gent ianaceae ( 1 ) ,  Lamiaceae ( 1 ) ,  
Rosaceae ( 3 ) ,  S ch ro p h u la r iaceae  ( 1 ) ,  V iolaceae  (1)  (Beaman, 
1977).

S o i l s ,  d ra inage  and fauna a s s o c i a t e d  w ith  range lands  vary 
from one v e g e t a t i v e  type  to  a n o th e r  and a r e  t h e r e f o r e  des
c r ib e d  f o r  each o f  th e  c l a s s i f i c a t i o n s .

Upland Herbaceous Rangeland— Dominated by n a t i v e  g r a s s e s  
and fo rb s .

S o i l s  and Water . S o i l s  a r e  well  d ra in e d  to  moderate ly  
wel l  d ra in e d  with  chan n e l ized  s u r f a c e  d ra in ag e  p a t t e r n s .  
Laminar d r a in ag e  w i l l  occur  on ly  o c c a s i o n a l l y  over  f l a t ,  
uniform a re a s  du r ing  o r  a f t e r  heavy p r e c i p i t a t i o n .  The 
mineral n a tu r e  o f  th e  s o i l  f a c i l i t a t e s  high r a t e s  o f  i n 
f i l t r a t i o n  p rev en t in g  s ev e re  e ro s io n  when v e g e t a t i v e  
cover  i s  p r e s e n t .  Sur face  w a te r s  m ig ra te  toward lower 
e l e v a t i o n s  when g eo lo g ic a l  c h a r a c t e r i s t i c s  o f  t h e  sub
s o i l  p reven t  v e r t i c a l  movement.

W i l d l i f e . W i l d l i f e  s p e c i e s  a s s o c i a t e d  w i th  Upland Her
baceous Rangeland a r e  waterfowl ( n e s t i n g ) ,  marsh and 
shore  b i r d s ,  upland game b i r d s ,  b i r d s  o f  p r e y ,  s o n g b i rd s ,  
f u r  and game mammals, and small mammals.
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Lowland Herbaceous Rangeland— Dominated by n a t iv e  g ra s s e s  
and f o r b s .

S o i l s  and Mate r . S o i l s  a re  modera te ly  well d ra ined  to  
somewhat poor ly  d ra ined  with  ch anne l ized  s u r f a c e  d r a in 
age p a t t e r n s .  Laminar flow occurs  over  f l a t ,  uniform 
a r e a s  dur ing  o r  a f t e r  pe r iods  o f  heavy o r  f req u e n t  p r e 
c i p i t a t i o n .  Usual ly  high i n f i l t r a t i o n  r a t e s  depending 
upon d i s t a n c e  t o  w a te r  t a b l e  from the  s o i l  s u r f a c e .
L i t t l e  damage from e ro s io n  occurs  given v e g e t a t i v e  
cover  e x i s t s .  Ground w a te r  may be near  t h e  s o i l  s u r 
face  a t  v a r io u s  t imes o f  the  y e a r ,  bu t  i s  u s u a l ly  found 
beneath  t h e  s o i l  s u r f a c e .  Soil  p r o f i l e s  a re  well de
veloped with c o l l o i d a l  m a te r ia l  being leached  from th e  
A hor izon .

Wi 1 d l i f e . W i l d l i f e  sp e c ie s  a s s o c i a t e d  with  Lowland Her
baceous Rangeland in c lu d e  waterfowl ( n e s t i n g ) ,  upland 
game b i r d s ,  s o n g b i rd s ,  f u r  and game mammals, and small 
mammal s.

Upland Shrub Rangeland— Dominated by n a t iv e  shrubs and low 
wood p l a n t s .

S o i l s  and W ater . S o i l s  a re  well  d ra ined  to  moderate ly  
well  d ra in ed  with ch an n e l ized  s u r f a c e  dra inage  p a t t e r n s .  
The mineral  n a tu r e  o f  th e  s o i l  with weakly developed pro
f i l e s  f a c i l i t a t e s  high r a t e s  o f  i n f i l t r a t i o n .  L i t t l e  
e r o s io n  occurs  un less  heavy p r e c i p i t a t i o n  causes  sp la sh  
e ro s io n  on s lo p in g  a reas  w i th o u t  v e g e t a t i v e  cover .  Such 
c o n d i t io n s  may r e s u l t  in  g u l l e y  e r o s io n .

W i l d l i f e . Upland Shrub Rangeland provides  h a b i t a t  f o r  
w a te r fo w l ,  upland game b i r d s ,  b i rd s  o f  p rey ,  so n g b i rd s ,  
f u r  and game mammals, and small mammals.

FOREST LAND— Lands t h a t  a re  a t  l e a s t  10 p e rcen t  s tocked  by t r e e s  pro
ducing an in f lu e n c e  on th e  c l im a te  o r  w a te r  regime. Vege
t a t i v e  types  i d e n t i f i e d  w i th in  t h i s  c l a s s i f i c a t i o n  a re  
Broadleaved F o r e s t ,  Coniferous  F o r e s t ,  and Mixed Conife r -  
Broadleaved F o r e s t .  Each o f  t h e s e  v e g e t a t i v e  types  i s  
f u r t h e r  d iv id ed  i n t o  subgroups based on th e  topography 
where th ey  a re  p r e s e n t  (up land  o r  lowland) .  Each o f  t h e s e  
v e g e t a t i v e  ty p es  provide  h a b i t a t  f o r  s ev e ra l  endangered 
a n d /o r  t h r e a t e n e d  s p e c i e s  o f  p l a n t s .  The primary sp ec ie s  
found in  woodlands a r e  Arnica c o r d i f o l i a  ( h e a r t - l e a v e d  
a r n i c a ) ,  Castanea d e n ta t a  (American c h e s t n u t ) ,  I s o t r i a  
medeoloides  ( s m a l l e r  whorled  pogon ia ) ,  and Polygonaturn 
b i f lo rum  v a r .  melleum (So lom on-sea l ) .  Famil ies  which con- 
t a i n  one o r  more t h r e a t e n e d  s p e c i e s  in  woodland h a b i t a t s  
a r e  Cyperaceae (1 s p e c i e s ) ,  L i l i a c e a e  ( 4 ) ,  Orchidaceae ( 4 ) ,  
A ra l i a c e a e  ( 1 ) ,  A r i s t o l o c h i a c e a e  ( 1 ) ,  A s te raceae  ( 1 ) ,
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Boraginaceae ( 1 ) ,  C a p r i f o l i a c e a e  ( 2 ) ,  E r icaceae  ( 1 ) ,  Fabaceae
( 1 ) ,  Hippocastanaceae ( 1 ) ,  Polemoniaceae ( 1 ) ,  and Ranuncula- 
ceae (1)  (Beaman, 1977).

S o i l s ,  d ra inage  and fauna a s s o c i a t e d  with F o re s t  Land vary 
from one v e g e t a t i v e  type  to  a n o th e r  and a r e  t h e r e f o r e  des
c r ib e d  f o r  each o f  th e  c l a s s i f i c a t i o n s .

Upland Hardwoods— Deciduous sp e c ie s  in c lu d in g  sugar  maple , 
red  maple, elm, beech,  ye l low b i r c h ,  c h e r r y ,  red  oak and 
w hi te  oak.

S o i l s  and Water . S o i l s  a r e  well  d ra in e d  to  modera te ly  
well d ra in ed  with  ch an n e l iz ed  s u r f a c e  d ra in ag e  p a t t e r n s .  
U sua l ly  l i t t l e  damage from e ro s io n  with high i n f i l t r a 
t i o n  r a t e s  on leve l  ground, however, heavy r u n o f f  may 
cause g u l l e y  e ro s io n  as s u r f a c e  w ate rs  m ig ra te  t o  lower 
e l e v a t i o n s  over  exposed s o i l  s u r f a c e s .  S o i l s  a r e  minera l  
with  g e n e r a l l y  t h i c k e r  A hor izons  in  maple and beech a s 
s o c i a t i o n s  than in oak o r  b i r c h  a r e a s .  S o i l s  in  maple 
o r  beech a s s o c i a t i o n s  a r e  l i k e l y  to  be loams o r  sandy 
loams whereas b i r c h  o r  oak a s s o c i a t i o n s  a r e  sands o r  
loamy sands.

M i l d l i f e . W i ld l i f e  s p e c i e s  a s s o c i a t e d  w i th  Upland Hard
woods a r e  upland game b i r d s ,  b i rd s  o f  p rey ,  s o n g b i rd s ,  
f u r  and game mammals, and small mammals.

Aspen, White Birch and A sso c ia ted  Species

S o i l s  and Water . S o i l s  a r e  m odera te ly  wel l t o  somewhat 
poor ly  d ra ined  with  ch an n e l iz e d  d r a in ag e  p a t t e r n s .  S o i l s  
a r e  mineral and sandy in  t e x t u r e ,  w ith  weakly developed 
hor izons  and high i n f i l t r a t i o n  r a t e s .  L i t t l e  damage 
from e ro s io n  occurs  given adequate  ground cover  and l e v e l  
ground. S loping a reas  w i th  exposed s o i l s  a r e  s u b j e c t  to  
g u l l e y  e ro s io n  dur ing  pe r iods  o f  p r e c i p i t a t i o n  and heavy 
s u r f a c e  ru n o f f .

W i l d ! i f e . W i ld l i f e  s p e c i e s  found in Aspen and White 
Birch A s so c ia t io n s  a re  upland game b i r d s ,  b i rd s  o f  p rey ,  
so n g b i rd s ,  f u r  and game mammals, and small mammals.

Lowland Hardwoods--Deciduous s p e c i e s  i n c lu d in g  a s h ,  elm and 
maple.

S o i l s  and Water . S o i l s  a r e  m odera te ly  wel l d r a in ed  to  
somewhat poor ly  d ra ined  but  may f r e q u e n t l y  be poor ly  
d ra in ed  in  elm o r  ash a s s o c i a t i o n s .  Both lam inar  and 
chan n e l ized  d ra in ag e  p a t t e r n s  a re  found depending upon 
t h e  depth to  t h e  w a te r  t a b l e .  L i t t l e  damage from e ro 
s ion  occurs  as a r e s u l t  o f  s u r f a c e  r u n o f f  in  t h e s e  low
land a r e a s .  S i l t a t i o n  from overf low o f  a d j a c e n t
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waterways may a l t e r  t e x t u r a l  composi tion o f  t h e  s o i l .
S o i l s  a r e  predominantly  mineral bu t  may have a high p e r 
cen tage  o f  o rg a n ic  m a t t e r  in th e  A ho r izon .  Ground w a te r  
may occur  a t  th e  s u r f a c e  dur ing most per iods  and some lam
i n a r  flow w i l l  move wa te r  h o r i z o n t a l l y  a t  very  slow r a t e s .

M i l d l i f e . Lowland Hardwoods prov ide  h a b i t a t  f o r  b i rd s  o f  
p re y ,  s o n g b i rd s ,  f u r  and game mammals, and small mammals.

Upland C o n i f e r s — Coniferous  sp ec ie s  in c lu d in g  w hi te  p in e ,  
red  p in e ,  j ack  p in e ,  sco tch  pine and whi te  sp ruce .

S o i l s  and M ate r . S o i l s  a r e  well  d ra in ed  to  modera te ly  
well d ra in ed  with  c h an n e l ized  d ra in ag e  p a t t e r n s .  High 
i n f i l t r a t i o n  r a t e s  f a c i l i t a t e  th e  v e r t i c a l  movement o f  
w a te r  through th e  m in e r a l ,  u s u a l ly  sandy spodosols  o r  
podzols  which have weakly developed p r o f i l e s .  Thus 
e ro s io n  i s  on ly  a problem when v e g e t a t i v e  cover  i s  l a c k 
ing o r  heavy r u n o f f  over  s lo p es  causes  t h e  fo rm at ion  o f  
g u l l i e s .

M i l d ! i f e . M i l d ! i f e  s p e c ie s  a s s o c i a t e d  with  Upland Coni
f e r s  in c lu d e  upland game b i r d s ,  b i rd s  o f  p re y ,  s o n g b i rd s ,  
f u r  and game mammals, and small mammals.

Lowland C on i fe r s— Coniferous  s p e c ie s  in c lu d in g  c e d a r ,  b lack  
sp ru c e ,  tamarack and balsam f i r .

S o i l s  and M ater . S o i l s  a r e  somewhat poor ly  d ra in ed  to  
poor ly  d ra ined  in  cedar  o r  tamarack a s s o c i a t i o n s  and 
modera te ly  well d r a in e d  to  wel l d ra in ed  in  b a l s a m - f i r  
and spruce  a s s o c i a t i o n s .  The w a te r  t a b l e  may be near  
o r  a t  th e  s o i l  s u r f a c e  where cedar  and tamarack p re 
dominate,  whereas w a te r  t a b l e s  w i l l  be f u r t h e r  below th e  
s o i l  s u r f a c e  in sp ru ce  and f i r  a r e a s .  Laminar d ra in ag e  
w i l l  occur  depending upon th e  l eve l  o f  t h e  wate r  t a b l e  
and u n i fo rm i ty  o f  s o i l  e l e v a t i o n .  I n f i l t r a t i o n  r a t e s  
w i l l  depend upon t h e  depth to  th e  w a te r  t a b l e  and amount 
o f  o rg a n ic  accumulat ion on t h e  s o i l .  G en e ra l ly  t h e r e  i s  
l i t t l e  o r  no e r o s io n  damage un less  s ev e re  f lo o d in g  oc
c u r s .  S o i l s  a r e  m i n e r a l ,  o r  mineral with  a s i g n i f i c a n t  
overburden  o f  o rg a n ic  m a t t e r .

W i l d l i f e . W i l d l i f e  s p e c i e s  found in  Lowland Conifers  
a r e  b i rd s  o f  p rey ,  upland game b i r d s ,  s o n g b i rd s ,  f u r  and 
game mammals, and small mammals.

Upland Hardwoods and Pine A s s o c i a t i o n s — Both broad leaved  
and deciduous t r e e s  a r e  growing t o g e t h e r  in c lu d in g  p ines  
found in  Upland C onife rs  and deciduous  s p e c i e s  found in  
Upland Hardwoods.
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S o i l s  and M ate r . S o i l s  a r e  wel l  d ra in e d  to  modera te ly  
well d ra ined  with  c h a n n e l iz ed  s u r f a c e  dra inage  p a t t e r n s .  
I n f i l t r a t i o n  r a t e s  due to  th e  minera l  n a tu r e  o f  t h e  s o i l  
a r e  g e n e r a l l y  h ig h e r  in  b i r c h ,  c h e r ry ,  and oak s i t e s ,  and 
lower  in  maple , elm, and beech a r e a s .  L i t t l e  damage from 
e ro s io n  occurs  when th e  ground s u r f a c e  and s lo p es  a re  
veg e ta te d .  S i g n i f i c a n t  s p la s h  e ro s io n  can occur  i f  p re 
c i p i t a t i o n  i s  no t  i n t e r c e p t e d  by th e  o v e r s to r y  canopy. 
Large amounts o f  p r e c i p i t a t i o n  may m igra te  over  th e  s o i l  
s u r f a c e  and r e s u l t  in  g u l l e y  e ro s io n  p a r t i c u l a r l y  on 
s lo p e s .  In maple, elm o r  beech a reas  s o i l s  a r e  l i k e l y  
to  be loamy with  wel l developed p r o f i l e s ,  whereas in  
b i r c h ,  oak o r  c h e r ry  a reas  s o i l s  a r e  l i k e l y  to  be sandy 
with weakly developed h o r iz o n s .

M i l d l i f e . Upland Hardwoods and Pine A s so c ia t io n s  provide  
h a b i t a t  f o r  upland game b i r d s ,  b i rd s  o f  p rey ,  s o n g b i rd s ,  
f u r  and game mammals, and small mammals.

Aspen, Birch and C onife r  A sso c ia t io n s

S o i l s  and Mater . S o i l s  a r e  m odera te ly  wel l d ra ined  to  
somewhat poor ly  d r a in ed  with  chan n e l ized  s u r f a c e  d r a i n 
age.  I n f i l t r a t i o n  r a t e s  a re  high which p reven ts  damage 
from e ro s io n  by s u r f a c e  r u n o f f  when v e g e t a t i v e  cover  i s  
p r e s e n t .  I f  ground cover  i s  s p a r s e  (<30%), g u l l e y  e ro 
s io n  may o ccu r  dur ing  p e r iods  o f  heavy ru n o f f .  S o i l s  
a r e  mineral  and sandy in  t e x t u r e  w i th  weakly developed 
h o r izo n s .

Mi 1d l i f e . Birds  o f  p rey ,  s o n g b i r d s ,  f u r  and game mammals, 
and small mammals a r e  found in  Aspen, Birch and C on i fe r  
A s s o c i a t i o n s .

Lowland Hardwoods w i th  Cedar,  Spruce,  Tamarack, Etc .

S o i l s  and M ate r . S o i l s  a r e  somewhat poor ly  d ra in e d  to  
poor ly  d ra in ed .  Both ch an n e l iz ed  and lam inar  s u r f a c e  
d ra inage  may o ccu r .  Rate o f  i n f i l t r a t i o n  w i l l  depend 
upon depth t o  w a te r  t a b l e  and t e x t u r e  a t  s o i l  s u r f a c e  
which may be a l t e r e d  by s i l t a t i o n .  Small a r e a s  o f  low
land  prov ide  e f f i c i e n t  sediment t r a p s  f o r  f lowing s u r 
face  w ater  where d e p o s i t i o n  o c c u r s .  Soil  may be m in e ra l ,  
o r  mineral  w ith  a s i g n i f i c a n t  o rg an ic  overburden with  
high c a t io n  exchange c a p a c i t i e s  f o r  s h o r t  pe r iods  o f  
t ime.

M i l d ! i f e . M i l d l i f e  s p e c i e s  found in  Lowland Hardwood 
with  Cedar,  Spruce ,  Tamarack, E tc .  A s so c ia t io n s  a re  
b i rd s  o f  p re y ,  s o n g b i r d s ,  f u r  and game mammals, and 
small mammals.
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Upland C onife rs  w ith  Maple, Elm, Ash, Aspen, Etc.

S o i l s  and Water . S o i l s  a r e  g e n e r a l l y  well  d ra in ed  to  
modera te ly  well d ra ined  with  ch anne l ized  s u r f a c e  d r a i n 
age. Erosion damage may occur  on s lo p es  and a reas  with  
s p a r s e  v e g e t a t i v e  cover .  S o i l s  a r e  m in e r a l ,  sandy t e x -  
tu re d  with  low c a t io n  exchange c a p a c i ty  and high i n f i l 
t r a t i o n  r a t e s .  A hor izons  a r e  t h i n  and s o i l  p r o f i l e s  
a re  weakly developed.

W i l d l i f e . Birds o f  p rey ,  so n g b i rd s ,  f u r  and game mam
mals ,  and small mammals a r e  a s s o c i a t e d  with  t h i s  h a b i t a t  
type .

Lowland Conife rs  with Maple, Elm, Ash, Aspen, B i rch ,  E tc .

S o i l s  and W ater . S o i l s  a r e  modera te ly  well d ra ined  to  
poor ly  d ra ined  where cedar  and tamarack predominate .  
Moderately  well d ra ined  s o i l s  occur  where spruce  and 
balsam predominate .  Both chan n e l ized  and laminar  s u r 
face  dra inage  may o ccu r .  Rates  o f  i n f i l t r a t i o n  w i l l  
depend upon depth t o  w a te r  t a b l e  and s o i l  t e x t u r e .
L i t t l e  e ro s io n  occurs  given abundant p l a n t  growth un
l e s s  f lo o d in g  o c c u r s .  S o i l s  a re  mineral o r  mineral  w ith  
a s i g n i f i c a n t  o rg an ic  overburden.

W i l d ! i f e . W i ld l i f e  s p e c i e s  a s s o c i a t e d  with  t h i s  h a b i t a t  
type in c lu d e  b i rd s  o f  p rey ,  so n g b i rd s ,  f u r  and game mam
mals ,  and small mammals.

WETLANDS— Wooded swamps, shrub swamps, marshland meadows, m u d f la t s ,  
shal low marshes,  and deep marshes .  Wetlands provide  hab i 
t a t  f o r  many endangered a n d /o r  t h r e a t e n e d  p l a n t  s p e c i e s .  
Endangered s p e c ie s  a s s o c i a t e d  w ith  wet lands  and water  
h a b i t a t s  a r e  Che!one ob i iq u a  (p u rp le  t u r t l e h e a d ) ,  Nelumbo 
p e n t a p e t a l a  (American l o t u s ) ,  and S c i rpus  h a l l i i . Famil ies  
which c o n ta in  one o r  more t h r e a t e n e d  s p e c ie s  in wetlands 
and w a te r  h a b i t a t s  in c lu d e  Araceae (1 s p e c i e s ) ,  Cyperaceae 
( 1 4 ) ,  Juncaceae  ( 3 ) ,  Lemnaceae ( 1 ) ,  L i l i a c e a e  ( 3 ) ,  Orchi-  
daceae ( 4 ) ,  Poaceae ( 1 0 ) ,  Potamogetonaceae ( 5 ) ,  Ruppiaceae
( 1 ) ,  Acanthaceae ( 1 ) ,  Apiaceae  ( 1 ) ,  A s te raceae  ( 3 ) ,  B r a s s i -  
caceae ( 2 ) ,  Convolvulaceae ( 3 ) ,  E r icaceae  ( 1 ) ,  Gentianaceae
( 2 ) ,  Haloragaceae ( 1 ) ,  L e n t ib u l a r i a c e a e  ( 1 ) ,  Malvaceae ( 1 ) ,  
Nymphaeaceae ( 2 ) ,  Onagraceae ( 2 ) ,  Polemoniaceae ( 1 ) ,  Poly- 
gonaceae ( 1 ) ,  S a l i c a c e a e  ( 1 ) ,  S a r rac en ia c ea e  ( 1 ) ,  Scrophu- 
l a r i a c e a e  ( 5 ) ,  V a le r ianaceae  ( 1 ) ,  and V io laceae  (1) (Bea
man, 1977) .

S o i l s  and Water . Wetlands a r e  those  a r e a s  where the  
w a te r  t a b l e  i s  a t ,  nea r  o r  above th e  land  s u r f a c e  f o r  
a s i g n i f i c a n t  p a r t  o f  most y e a r s .  S ince  th e se  a re a s  
a r e  a l l  s a t u r a t e d  as  a r e s u l t  o f  high w a te r  t a b l e s ,
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s o i l s  a s s o c i a t e d  with  t h e s e  v e g e t a t i v e  types  a r e  predom
i n a t e l y  poorly  d ra ined  o rg an ic s  and m in e r a l s .  Erosion 
damage i s  very l i m i t e d  s in c e  most wetland a r e a s  a r e  in  
low e l e v a t i o n s  and a re  r e c e iv in g  sediments  r a t h e r  than 
l o s in g  s o i l  m a t e r i a l s .  Some s o i l  removal may occur  on 
m udfla ts  when mineral m a te r ia l  with l i t t l e  o r  no p r o f i l e  
development i s  exposed dur ing  pe r iods  o f  low w ate r .

W i l d ! i f e . Wetlands provide  h a b i t a t  f o r  w a te r fo w l ,  marsh 
and shore  b i r d s ,  b i rd s  o f  p rey ,  s o n g b i rd s ,  f u r  and game 
mammals, and small mammals.



APPENDIX C

DISTRIBUTION, HABITAT REQUIREMENTS AND 
RESIDENT STATUS OF MICHIGAN BIRDS

Waterfowl

Michigan prov ides  h a b i t a t  f o r  29 s p e c i e s  o f  waterfowl (Swans, 
Geese, Ducks) which a re  members o f  th e  o r d e r  Anseri formes and th e  
fam ily  Anat idae .  All o f  t h e s e  s p e c i e s  occur  in  Michigan a t  some 
time o f  th e  y e a r  excep t  f o r  t h e  European Widgeon which i s  a r a r e  
v i s i t o r .

The two sp e c ie s  o f  swans o c c u r r in g  in  Michigan a re  t h e  W his t l ing  
Swan which passes  through lower Michigan dur ing  m ig ra t io n ,  and th e  
i n t ro d u ce d  Mute Swan which n e s t s  in n o r th e rn  lower  Michigan. The Mute 
Swans n e s t  in  c a t t a i l  o r  bu l rush  marshes where they  feed upon th e  
l e a v e s ,  s tem s ,  and tu b e r s  o f  submergent and emergent v e g e t a t i o n .  Some 
o f  t h e s e  swans have been a b le  to  o v e rw in te r  where feed ing  programs were 
i n i t i a t e d .

Among th e  g eese ,  only  c e r t a i n  in t ro d u ce d  Canada Geese breed  in 
th e  s t a t e  (McWhirter,  1977). Most Canada Geese and a l l  Snow Geese a r e  
m ig ra n t s .  Some Canadas do o v e rw in te r  in  t h e  e a s t e r n  and sou thw este rn  
s e c t io n s  o f  th e  s t a t e .  Numbers o f  geese  peak dur ing  th e  months o f  
October-November and March-April .

Geese feed  in  shal low w ate r  to  o b t a in  r o o t s ,  t u b e r s ,  and shoots  
o f  a q u a t i c  p l a n t s .  However, they  p r e f e r  c e re a l  and feed  g ra in s  found 
on a g r i c u l t u r a l  up lands .

The 25 s p e c ie s  o f  ducks t h a t  occur  r e g u l a r l y  in Michigan may be 
d iv id ed  i n t o  dabb le r s  and d i v e r s .  Some s p e c i e s  n e s t  in  Michigan, some 
o v e rw in te r ,  some occur  a l l  y e a r ,  and o t h e r s  a r e  t r a n s i e n t s .  Peak pop
u l a t i o n s  f o r  a l l  s p e c i e s  u s u a l l y  occur  in  October-November and March- 
Apri l  .

Species  t h a t  do no t  n e s t  in  Michigan s e l e c t  s i t e s  in  marshes ,  
hardwood, c o n i f e r  and shrub swamps, g r a s s y  and shrub up lands ,  t r e e  
c a v i t i e s  in  wooded up lands ,  and on rock le d g e s .

Food h a b i t s  vary  from s p e c i e s  to  s p e c i e s  b u t  fo r  t h e  d ab b le r s  as 
a group,  im p o r tan t  foods a r e  s e e d s ,  r o o t s ,  t u b e r s ,  s tem s ,  and l e a f y  
p a r t s  o f  submergent and emergent v e g e t a t i o n ,  b e r r i e s ,  waste  c o rn ,  
phytoplankton (S h o v e le r ) ,  acorns  (Wood Duck), i n s e c t s  (d a b b le r  ch ick s )  
and m ol lu sks .  Dabblers  f in d  t h e i r  food in  sha l low  w ate r s  o f  marshes ,  
swamps, ponds, l a k e s ,  m udf la t s  and up lands .
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Diving ducks as a group a r e  more l i k e l y  to  e a t  animal m a t t e r .
The ir  food c o n s i s t s  o f  i n s e c t s  ( a d u l t  and l a r v a e ) ,  c lams,  s n a i l s ,  f i s h ,  
and f i s h  eggs.  P lan t  m a t e r i a l s  ea ten  a re  t h e  s e e d s ,  r o o t s ,  t u b e r s ,  
s tems,  and l e a f y  p a r t s  o f  submergent and emergent p l a n t s .  Divers a re  
known to  feed both in  shal low o r  deep a reas  o f  marshes , ponds, l a k e s ,  
and s t ream s .

Marsh and Shore Birds

For th e  purposes o f  t h i s  r e p o r t ,  f i v e  o rd e rs  in c lu d in g  14 f a m i l i e s  
and 73 sp e c ie s  w i l l  be co n s id e red  as marsh and shore  b i r d s .

The Gaviiformes  ( loons )  a r e  d iv ing  b i rd s  found on la k e s  and a long 
c o as t s  where they  feed on f i s h .  Only th e  Common Loon n e s t s  on Michi
gan l a k e s .  Nests  a r e  b u i l t  in  th e  w a te r  on p i l e s  o f  v e g e t a t i o n  among 
weeds and b rush .  Fish make up th e  d i e t .  The Common Loon i s  cons ide red  
a common summer r e s i d e n t  o f  th e  no r th  and a t r a n s i e n t  in  sou the rn  
Michigan (Wallace ,  1977). Some loons a re  found on t h e  Great  Lakes in 
w in te r .

Among the  Podic ipediformes  (g rebes )  on ly  one i s  a summer r e s i d e n t ,  
o th e r s  a r e  t r a n s i e n t s .  Grebes a re  found on th e  Great  Lakes,  i n l an d  
l a k e s ,  ponds and po tho les  nea r  shore  (Wallace,  1977). A f l o a t i n g  n e s t  
i s  c o n s t r u c t e d  in  t h i c k e t s .  Grebes feed on f i s h ,  f r o g s ,  i n v e r t e b r a t e s ,  
i n s e c t s ,  seeds  and o t h e r  v e g e ta b le  m a t t e r  (Wallace ,  1977).  They a re  
cons ide red  common (Wallace ,  1977).

P e l ican s  and cormorants belong to  th e  o rd e r  P e l i c a n i fo r m e s . The 
White P e l ican  i s  cons ide red  a c c id e n ta l  in  Michigan (McWhirter,  1977) . 
The Double-Crested  Cormorant i s  t r a n s i e n t ,  though o c c a s i o n a l l y  n e s t s  
in th e  s t a t e  and i s  con s id e red  r a r e  (Wallace ,  1977). I t  i s  found on 
i s l a n d s ,  a long co as t s  and on lak es  c lo s e  t o  i t s  pr imary food source  
f i s h  (Wallace,  1977).

The o r d e r  C iconi i formes  (h e ro n s ,  b i t t e r n s ,  e g r e t s  and i b i s e s )  a re  
wading b i rd s  found along th e  edges o f  l a k e s ,  ponds, r i v e r s  and s treams 
and in  marshes .  They n e s t  in  t r e e s .  F i sh ,  f rogs  and i n v e r t e b r a t e s  
a r e  th e  main food i tem s .  These b i rd s  a r e  summer r e s i d e n t s  and a re  
common, r a r e  (Wallace ,  1977),  o r  i r r e g u l a r  (McWhirter, 1977).

Cranes ,  r a i l s  and coots  a re  a l l  members o f  the  o r d e r  Gruiformes.
They a re  e i t h e r  summer r e s i d e n t s  o r  t r a n s i e n t s .  Sandh i l l  Cranes a re
found in  g r a in  f i e l d s  and marshes where they  e a t  g r a i n ,  v e g e t a t i o n ,  
f r o g s ,  c r a y f i s h  and o t h e r  i n v e r t e b r a t e s  (Wallace ,  1977). Wallace 
(1977) s t a t e s  th ey  a r e  i n c r e a s in g  in  numbers.

The r a i l  and coo t  a re  found in marshes and swamps where th ey  con
s t r u c t  a f l o a t i n g  n e s t  among b u l ru s h e s .  T h e i r  d i e t  c o n s i s t s  o f  seeds
and i n s e c t s .  These sp ec ie s  range from common to  uncommon (Wallace ,  
1977).
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The o r d e r  with th e  l a r g e s t  number o f  s p e c ie s  in  t h e i r  group i s  th e  
Charadr i i fo rm es  ( g u l l s ,  t e r n s ,  s a n d p ip e r s ,  p l o v e r s ) .  Most o f  t h e s e  
sp ec ie s  a re  t r a n s i e n t  bu t  some are  summer r e s i d e n t s  and o th e r s  a re  per
manent. H ab i ta t  ranges  from c o a s t a l  a r e a s ,  l a k e s ,  r i v e r s  and marshes 
to  meadows and upland f i e l d s .  Nes t ing  a r e a s  a r e  gravel and sand beaches ,  
ro c k s ,  marshes ,  and upland p a s t u r e s .  Foods consumed a r e  f i s h ,  c a r r i o n ,  
i n s e c t s ,  m ol lusks ,  C ru s ta c ea ,  s e e d s ,  b e r r i e s ,  a l g a e ,  and o t h e r  p l a n t  
m a t e r i a l .  Spec ies  range from common to  r a r e  (W al lace ,  1977; McWhirter,  
1977). The Piping P lo v e r ,  a t r a n s i e n t  o c c u r r in g  along beaches ,  i s  
l i s t e d  as t h r e a t e n e d  (Wallace ,  1977) .

Upland Game Birds

There a r e  10 p se c ie s  o f  upland game b i rd s  in  Michigan;  e i g h t  non- 
mi g r a t o r y  s p e c ie s  o f  the  o r d e r  G a l l i fo rm es  ( g a l l i n a c i o u s  b i r d s ) ,  and 
two m ig ra to ry  sp ec ie s  o f  the  o r d e r  Charadr i i fo rm es  ( sh o re  b i r d s ) .  All 
10 sp ec ie s  a re  ground n e s t e r s .

The g a l l i n a c i o u s  game b i rd s  in c lu d e  g ro u se ,  q u a i l ,  p h ea sa n t ,  p a r 
t r i d g e ,  and tu rk e y .  The r u f f e d  grouse ( Bonasa umbel!us) i s  common in  
n o r th e rn  Michigan,  but e x i s t s  on ly  in  small pockets  in  sou the rn  Michi
gan (Wallace ,  1977).  Although i t  u t i l i z e s  d i f f e r e n t  s e r a i  s t a g e s  o f  
hardwoods, t h e  s p e c i e s  i s  p r im a r i l y  a s s o c i a t e d  w i th  second-growth hard 
woods, n o ta b ly  aspen ( Populus s p p . ) .  A v a r i e t y  o f  buds, tw ig s ,  l e a v e s ,  
f r u i t s  and b e r r i e s  comprise i t s  d i e t .

The spruce grouse  ( Canachi tes  c a n a d e n s i s ) i s  s c a r c e ,  o c c u r r in g  in  
th e  Upper Pen insu la  and in s c a t t e r e d  a r e a s  o f  t h e  n o r th e rn  Lower Penin
s u la  (Wallace ,  1977). The s p e c i e s  i n h a b i t s  spruce  ( P icea  s p p . ) f o r e s t s  
and swamps. I t  n e s t s  under sp ruce  t r e e s  and in  heavy brush .  C on ife r  
buds, tw ig s ,  f r u i t s ,  l e a v e s  and i n s e c t s  c o n s t i t u t e  i t s  food.

The s h a r p - t a i l e d  grouse ( P e d ice te s  p h a s i a n e l l u s ) i s  s c a rc e  today 
in Michigan (S te a rn s  and L in d s le y ,  1977).  The s p e c i e s  i s  a s s o c i a t e d  
w i th  p r a i r i e  and b rush land  h a b i t a t s .  I t  n e s t s  in  t a l l  g r a s s ,  shrubby 
up lands ,  o r  in  v e g e t a t i o n  a long s t r e am s .  In w in t e r  i t  may u t i l i z e  
wooded a r e a s .  S hoo ts ,  tw ig s ,  l e a v e s ,  and buds make up most o f  i t s  d i e t .

The g r e a t e r  p r a i r i e  chicken (Tympanchus c u p id o ) has been n e a r l y  ex
t i r p a t e d  from Michigan (W al lace ,  1977).  P r a i r i e  lands  and marsh lands  
a r e  i t s  p r e f e r r e d  h a b i t a t s .  I t  n e s t s  in  g r a s s ,  low s h ru b s ,  and occa
s i o n a l l y  in  woodlands. Seeds and b e r r i e s  comprise i t s  d i e t .

The bob-white  qua i l  ( Colinus  V i r g in i a n u s ) i s  common in  so u th e rn  
Michigan (McWhirter, 1977) .  The s p e c i e s  n e s t s  in  t a l l  g ra ss  found in  
shrubby f i e l d s  and fence rows. Seeds ,  g r a in s  and i n s e c t s  a re  i t s  ma
j o r  food so u rce .

The r ing -n eck ed  pheasan t  ( Phasianus c o l c h i c u s ) i s  a s u c c e s s f u l ,  
in t ro d u c e d  s p e c ie s  which i s  common in  Michigan (Wallace ,  1977).  The 
s p e c ie s  i s  most abundant  where lands  a r e  h e a v i ly  c u l t i v a t e d  in  row 
crops .  I t  n e s t s  in  g r a s s ,  shrubby edges ,  f ence  rows and in  ro a d s id e  
v e g e t a t i o n .  Seeds and g r a in s  a r e  i t s  main food i t e m s .
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The w i ld  t u rk e y  (Meleagr is  g a l lo p a v o ) i s  a s s o c i a t e d  w i th  open, 
mature  hardwood f o r e s t s  i n t e r s p e r s e d  with  g r a s s y  open ings .  Lindsay 
(1967) e s t im a te s  t h e  s p e c ie s  r e q u i r e s  from 5,000 t o  15,000 ac re s  to  
be s u c c e s s f u l l y  managed. Once removed from Michigan, i t  has been su c 
c e s s f u l l y  r e i n t r o d u c e d .  I t  i s  now common in some p a r t s  o f  t h e  s t a t e .  
Hardwood mast i s  i t s  most im por tan t  food.  Seeds,  g r a s s e s ,  b e r r i e s ,  
f r u i t s ,  and grasshoppers  a r e  a l so  e a te n .

The American woodcock ( P h i lo h e la  m inor) and th e  common s n ip e  
( Cape l la  g a l l i n a g o ) a r e  c l a s s i f i e d  tax o n o m ica l ly  as  shore  b i r d s ,  but  
a r e  co n s id e red  as upland game b i rd s  f o r  management pu rposes .  Both 
u t i l i z e  upland a re a s  f o r  p a r t  o f  t h e i r  h a b i t a t .

The woodcock, o r  t im ber  doodle ,  i s  a common m ig ran t  p r e s e n t  in 
Michigan from s p r in g  to  f a l l  (Wallace ,  1977).  The s p e c ie s  u t i l i z e s  
bogs,  s h ru b la n d s ,  p a s t u r e s ,  o ld  f i e l d s  and woody a r e a s .  A lder  ( Alnus 
s p p . )  swales  a re  used f o r  daytime cover ;  o ld  f i e l d s  a r e  used f o r  n i g h t 
t ime r o o s t i n g .  Nests u s u a l l y  a re  in  swamps, b r u sh la n d s ,  o r  more com
monly, in  f i e l d  edges .  The woodcock feeds  by probing m o i s t ,  s o f t  s o i l s  
f o r  earthworms and i n s e c t s .

The common s n ip e ,  a l s o  c a l l e d  W ilso n 's  s n i p e ,  o r  j ack  s n i p e ,  i s  
a n o th e r  common m igran t  to  Michigan p r e s e n t  from s p r in g  to  f a l l  (Wal
l a c e ,  1977). Bogs, marshes ,  and m udf la ts  a r e  i t s  p r e f e r r e d  h a b i t a t s .  
Shallow f r i n g e  a reas  o f  p e a t  bogs a r e  e x c e l l e n t  b reed ing  h a b i t a t s  and 
need t o  be p rese rved  (Fogar ty  and Arnold ,  1977).  I n s e c t s ,  ear thworms, 
c ru s ta c e a n s  and mollusks comprise  i t s  d i e t .

Birds  o f  Prey

Birds  o f  prey  belong to  two o r d e r s :  Fa lcon i fo rm es ,  comprised o f
th e  v u l t u r e s ,  hawks, f a l c o n s ,  and e a g l e s ;  and S t r i g i f o r m e s ,  made up o f  
owls.  In Michigan t h e r e  occur  one s p e c i e s  o f  v u l t u r e ,  14 s p e c i e s  o f  
hawks, f a l c o n s  and e a g l e s ,  and 11 s p e c i e s  o f  owls .  Not a l l  o f  t h e s e  
s p e c ie s  r e s i d e  in  th e  s t a t e .  The P e reg r in e  f a l c o n  and th e  M erl in  o r  
Pigeon hawk a r e  t r a n s i e n t s ,  w h i le  among th e  owls t h e  Grea t  Gray and 
th e  Hawk owl a re  l i s t e d  as a c c i d e n t a l s ,  o c c u r r in g  on ly  very  r a r e l y .
The o t h e r s  a r e  e i t h e r  summer, w i n t e r ,  o r  permanent r e s i d e n t s .

Nes t ing  and h a b i t a t  r equ i rem en ts  a r e  v a r i e d .  Turkey v u l t u r e s  n e s t  
on th e  ground in  dense b ru sh ,  on c l i f f s ,  in  c av e s ,  and in  r o t t e d  s tumps. 
Most o f  th e  hawks, f a l c o n s ,  and e a g le s  n e s t  in  t r e e s  in  dec iduous ,  
c o n i f e ro u s  o r  mixed woods. Except ions  a r e  th e  Rough-legged hawk which 
a l s o  n e s t s  on c l i f f s  o r  along r i v e r  banks and t h e  Marsh hawk which n e s t s  
on o r  n ea r  t h e  ground in  m arshes ,  swamps, s lo u g h s ,  wet meadows, and 
g ra s sy  and brushy up lands .  Bald e a g le s  and Osprey u s u a l l y  n e s t  i n  t r e e s  
near  w a te r .  General h a b i t a t  r equ i rem en ts  range from marshes and c o a s t a l  
a r e a s  t o  meadows, woodland edges ,  and f o r e s t s .

Car r ion  i s  t h e  food o f  Turkey v u l t u r e s  and may be a major  p o r t i o n  
o f  t h e  d i e t  f o r  Bald e a g l e s .  Bald e a g le s  and Osprey a r e  p r im a r i l y  f i s h  
e a t e r s .  Small mammals, b i r d s ,  f r o g s ,  sn ak es ,  and i n s e c t s  a r e  t h e  major  
prey f o r  th e  o t h e r  b i r d s  o f  p rey .
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Wallace (1977) names on ly  th e  Turkey v u l t u r e ,  R e d - t a i l e d  hawk, 
Broad-winged hawk, Marsh hawk, and Kestre l  (Sparrow hawk) as common. 
Thus the  m a j o r i t y  o f  b i rd s  o f  prey  in  Michigan a r e  c o n s id e red  t h r e a 
te n e d ,  s c a r c e  o r  r a r e .

Among th e  owls ,  most n e s t  in  woodlands o r  f o r e s t s  in  c o n s t r u c t e d  
n e s t s  o r  t r e e  c a v i t i e s .  The Barn owl may a l s o  n e s t  underground,  along 
banks and even in  b u i l d i n g s .  S h o r t - e a r e d  owls n e s t  on th e  ground in 
f i e l d s  and marshes .  H ab i ta t  requ irem ents  in c lu d e  parks and sub u rb s ,  
open coun t ry  such as meadows, f i e l d s  and m arshes ,  woodlo ts ,  and hard
wood and c o n i fe ro u s  f o r e s t s .

R ab b i t s ,  s q u i r r e l s ,  o t h e r  small mammals, b i r d s ,  and i n s e c t s  a r e  
t h e  major prey  s p e c ie s  o f  owls .  Wallace l i s t s  on ly  th e  Great  Horned 
owl and th e  Screech owl ( r a r e  in  n o r th e rn  Michigan) as common. Other  
owls a re  uncommon, r a r e  o r  s c a r c e .

Songbirds

For t h e  purposes  o f  t h i s  r e p o r t ,  seven o rd e rs  w i l l  be cons ide red  
as s o n g b i rd s .  These o rd e rs  a r e  Columbiformes (d o v es ) ,  Cuculiformes 
(cuckoos) ,  Caprimulgiformes  ( w h i p - p o o r - w i l l s ) ,  Apodiformes ( s w i f t s  and 
hummingbirds),  Carac i i fo rm es  ( k i n g f i s h e r s ) ,  P ic i fo rm es  (woodpeckers) ,  
and P asse r i fo rm es  ( f l y c a t c h e r s ,  swal lows,  wrens ,  t h r u s h e s ,  v i r e o s ,  
w a r b l e r s ,  f i n c h e s ,  e t c . ) .  Within t h e  seven o rd e rs  a r e  28 f a m i l i e s  and 
161 s p e c i e s .  For t h e  names o f  each s p e c ie s  and i t s  r e s id e n c y  s t a t u s ,  
r e f e r  t o  t h e  fo l low ing  l i s t  o f  "Res iden t  S t a t u s  o f  Michigan B i rd s . "

There i s  v i r t u a l l y  no land  h a b i t a t  in  which songb irds  do not  oc
cu r  in Michigan.  A change in  any h a b i t a t  w i l l  have some impact on th e  
d i v e r s i t y  and composi t ion o f  s p e c ie s  in  t h a t  a r e a .  Due to  t h e  l a rg e  
number o f  s p e c i e s ,  d i v e r s i t y  o f  h a b i t s  and h a b i t a t s  r e q u i r e d  and the  
l im i t e d  scope o f  t h i s  e s s a y ,  t h e  highway deve loper  i s  r e f e r r e d  to  
Bent (1919-1968) ,  Wallace (1977) ,  McWhirter (1977) ,  Wood (1951) ,  and 
Zimmerman (1959) ,  f o r  d e t a i l e d  n a tu r a l  h i s t o r y  i n fo rm a t io n .



77

RESIDENT STATUS OF MICHIGAN BIRDS*

Key: T = T ra n s ie n t

SR = Summer Resident

WR = Winter Res ident

PR = Permanent Res ident

Acc = Accidenta l  o r  Rare 
V i s i t o r

(UP) = Upper Pen insu la  

(N) = North 

(S) = South 

(SW) = Southwest 

(GL) = Great  Lakes

Waterfowl S ta tu s

Mute Swan PR
W his t l ing  Swan T
Canada Goose T SR PR
Brant Acc
Snow Goose T
Mai l a r d PR
Black Duck PR (s)
Gadwal1 T
P i n t a i l T
Green-winged Teal T
Blue-winged Teal SR
European Widgeon Acc
American Widgeon T
Shoveler T SR (UP)
Wood Duck SR
Redhead T
Ring-necked Duck SR (N)
Canvasback T
G re a te r  Scaup T
L esse r  Scaup T WR (GL)
Common Goldeneye WR
Buff iehead T WR (S)
01dsquaw WR (GL)
E id e r  ( sp p . ) Acc
White-winged S co te r T WR (GL)
S u r f  S co te r Acc
Common Sco te r Acc

♦Compiled by Michael Thomas in Davis (1978).
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Waterfowl Status

Ruddy Duck T
Hooded Merganser SR
Common Merganser WR
Red-breas ted  Merganser WR

Birds  o f  Prey

Turkey Vul tu re  SR
Goshawk WR
Sharp-sh inned  Hawk SR PR (S)
Cooper 's  Hawk SR PR (S)
R e d - t a i l e d  Hawk SR PR (S)
Red-shouldered Hawk SR
Broad-winged Hawk SR
Rough-legged Hawk WR
Golden Eagle WR
Bald Eagle PR
Marsh Hawk SR PR (S)
Osprey SR
Gyrfalcon Acc
P e re g r in e  Falcon T
Merlin  T SR (N)
K es tre l  SR PR {S)
Barn Owl PR (S)
Screech Owl PR
Great  Horned Owl PR
Snowy Owl WR
Hawk Owl Acc
Barred Owl PR
Great  Gray Owl Acc
Long-eared Owl PR
S h o r t - e a r e d  Owl PR
Boreal Owl WR
Saw-whet Owl PR

Marsh and Shore Birds

Common Loon SR (UP)
R ed- th roa ted  Loon T
Red-necked Grebe T
Horned Grebe T
P i e d - b i l l e d  Grebe SR
White P e l ic an  Acc
D oub le -c res ted  Cormorant SR (UP)
Great  Blue Heron SR
Green Heron SR
L i t t l e  Blue Heron Acc
C a t t l e  Egret  SR (S)
Common Egret Acc



Marsh and Shore Birds S ta tu s

Snowy Egret Acc
Black-crowned Night Heron SR
Yellow-crowned Night Heron Acc
Least B i t t e r n SR
American B i t t e r n SR
Glossy Ib is Acc
Sandh i l l  Crane SR
King Rail SR (S)
V i r g in i a  Rail SR
Sora SR
Yellow Rail T
Black Rail SR
Common G a l l i n u l e SR (S)
American Coot SR
Semi pal mated P lover T
Piping Plover SR (GL)
Kil 1 deer SR
American Golden Plover T
B l a c k - b e l l i e d  Plover T
Ruddy Turnstone T
Whimbrel T
Upland P lover SR
Spotted  Sandpiper SR
S o l i t a r y  Sandpiper T
Wi 11e t Acc
G re a te r  Yell owlegs T
Lesser  Yell owlegs T
Knot T
Ruff Acc
Purple  Sandpiper Acc
Pec to ra l  Sandpiper T
White-rumped Sandpiper T
B a i r d ' s  Sandpiper T
Least  Sandpiper T
Dunlin T
S h o r t - b i l l e d  Dowitcher T
L o n g -b i l l e d  Dowitcher T
S t i l t  Sandpiper T
Semi palmated Sandpiper T
Western Sandpiper T
B u f f -b r e a s t e d  Sandpiper Acc
Marbled Godwit Acc
Hudsonian Godwit Acc
Sander l ing T
American Avocet Acc
Red Phalarope Acc
W ilson 's  Phalarope Acc
Northern Phalarope Acc
P a r a s i t i c  J aeg e r Acc (GL)
Glaucous Gull Acc
Ice lan d  Gull Acc
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Marsh and Shore Birds Status

Great  Black-backed g u l l  UR
Herring Gull PR (GL)
R in g - b i l l e d  Gull PR (GL)
F r a n k l i n ' s  Gull Acc
B o n ap a r te ' s  Gull T
L i t t l e  Gull Acc
F o r s t e r ' s  Tern T
Common Tern T SR (GL)
Caspian Tern T
Black Tern SR

Upland Game Birds

American Woodcock SR
Common Snipe SR
Turkey PR
Spruce Grouse PR (N) (Non-game)
Ruffed Grouse PR
S h a r p - t a i l e d  Grouse PR (N) (Non-game)
G re a te r  P r a i r i e  Chicken PR (N) (Non-game)
Bobwhite PR (S)
Ring-necked Pheasant PR (S)
Gray P a r t r i d g e  PR (S) (Non-game)

Songbirds

Rock Dove PR
Mourning Dove SR PR OS)
Y e l lo w -b i l l e d  Cuckoo SR
B l a c k - b i l l e d  Cuckoo SR
Whip-poor-wil l  SR
Common Nighthawk SR
Chimney Sw if t  SR
Ruby- throa ted  Hummingbird SR
Bel ted  K in g f ish e r  SR
Yel low -shaf ted  F l i c k e r  SR PR (S)
P i l e a t e d  Woodpecker PR
R e d -b e l l i e d  Woodpecker PR (S)
Red-headed Woodpecker SR
Y e l lo w -b e l l ie d  Sapsucker SR PR (S)
Hairy Woodpecker PR
Downy Woodpecker PR
Black-backed T h ree - to ed  Woodpecker PR (N)
Northern Th ree - to ed  Woodpecker Acc
Eas te rn  Kingbird SR
Western Kingbird  Acc
Great  C res ted  F ly c a t c h e r  SR
Eastern  Phoebe SR
Y e l lo w -b e l l ie d  F ly c a t c h e r  SR (N)
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Songbirds

Acadian F ly c a tc h e r  
T r a i l l ' s  F ly c a tch e r  
Least  F ly c a tc h e r  
Eas te rn  Wood Pewee 
O l iv e - s id e d  F ly ca tch e r  
Horned Lark 
Tree Swallow 
Bank Swallow 
Rough-winged Swallow 
Barn Swallow 
C l i f f  Swallow 
Purple  Mart in 
Gray Jay 
Blue Jay 
Common Raven 
Common Crow
Black-capped Chickadee 
Boreal Chickadee 
T uf ted  Titmouse 
W h i te -b reas ted  Nuthatch 
R ed-b reas ted  Nuthatch 
Brown Creeper  
House Wren 
Bewick's  Wren 
Winter  Wren 
Caro l ina  Wren 
L o n g -b i l l e d  Marsh Wren 
S h o r t - b i l l e d  Marsh Wren 
Mockingbird 
C a tb i rd
Brown Thrasher  
Robi n
Varied Thrush 
Wood Thrush 
Hermit Thrush 
Swainson 's  Thrush 
Gray-cheeked Thrush 
Veery
Eas te rn  B lueb i rd  
Blue-gray  Gnatca tcher  
Golden-crowned K ing le t  
Ruby-crowned K ing le t  
Water P i p i t  
Bohemian Waxwing 
Cedar Waxwing 
Northern Shr ike  
Loggerhead Shr ike  
S t a r l i n g
White-eyed Vireo 
Y e l low - th roa ted  Vireo 
S o l i t a r y  Vireo

Status

SR (S)
SR 
SR 
SR 

SR (N)
PR
SR
SR
SR
SR
SR

WRS (N)
PR 

PR (N)
PR 
PR 

PR (UP)
PR (S)

PR
SR PR (S)

SR (N), WR (S) 
SR 

SR (S)
T SR (N)

PR (S)
SR 
SR 

SR (S)
SR
SR

SR PR (S) 
Acc 
SR 

SR (N)
SR (UP)

T
SR
SR
C D

SR (UP)
T
T

Acc 
PR 
SR 
SR 
PR 

SR (S)
SR 

SR (.N)
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Songbirds Status

Red-eyed Vireo SR
P h i l a d e lp h ia  Vireo T
Warbling Vireo SR
Black-and-whi te  Warbler SR
P ro thono ta ry  Warbler SR (S)
Worm-eating Warbler  Acc
Golden-winged Warbler SR
Blue-winged Warbler  SR
Tennessee Warbler  SR (UP)
Orange-crowned Warbler T
N a s h v i l l e  Warbler SR (N)
P aru la  Warbler  SR (N)
Yellow Warbler  SR
Magnolia Warbler  SR (N)
Cape May Warbler T
B la c k - th r o a t e d  Green Warbler  SR
Cerulean Warbler SR
Blackburnian Warbler  SR (N)
C h e s tn u t - s id e d  Warbler SR
Bay-breas ted  Warbler  SR (UP)
Blackpoll  Warbler  SR (UP)
Pine Warbler  SR (N)
K i r t l a n d ' s  Warbler SR
P r a i r i e  Warbler SR
Palm Warbler T
Ovenbird SR
Northern W ater thrush SR
Louis iana  W ater thrush  SR
Kentucky Warbler  SR (SW)
Connec t icu t  Warbler  SR (N)
Mourning Warbler  SR
Yel lowthroat  SR
Y el low -breas ted  Chat SR
Hooded Warbler  SR (SW)
W ilso n 's  Warbler T
Canada Warbler  SR
American R e d s t a r t  SR
House Sparrow PR
Bobolink SR
E as te rn  Meadow!ark PR (S)
Western Meadowlark SR (UP)
Yellow-headed B lackb i rd  SR (UP)
Red-winged B lackb i rd  SR
Orchard O r io le  SR
Northern O r io le  SR
Rusty B lackb i rd  SR (UP)
Brewer 's  B lackb i rd  SR (UP)
Common Grackle  SR
Brown-headed Cowbird SR
S c a r l e t  Tanager  SR
Cardinal  PR (S)
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Songbirds

R ose-b reas ted  Grosbeak 
Indigo Bunting 
D ick c is se l  
Purp le  Finch 
House Finch 
Evening Grosbeak 
Pine Grosbeak 
Hoary Redpoll 
Common Redpoll 
Pine S i sk in  
American Goldfinch 
Red C ro s sb i l l  
White-winged C ro s sb i l l  
Rufous-s ided  Towhee 
Savannah Sparrow 
Grasshopper Sparrow 
LeConte 's  Sparrow 
Hens low 's  Sparrow 
S h a r p - t a i l e d  Sparrow 
Lark Bunting 
Vesper Sparrow 
Lark Sparrow 
Dark-eyed Junco 
Oregon Junco 
Tree Sparrow 
Chipping Sparrow 
Cl a y -c o lo re d  Sparrow 
F i e l d  Sparrow 
H a r r i s '  Sparrow 
White-crowned Sparrow 
Golden-crowned Sparrow 
W h i te - th ro a te d  Sparrow 
Fox Sparrow 
L i n c o l n ' s  Sparrow 
Swamp Sparrow 
Song Sparrow 
Lapland Longspur 
Snow Bunting

Status

SR
SR
SR

PR (N), WR (S) 
Acc

PR (N),  WR (S) 
WR 
WR 
WR 
WR
D P

PR (N)
PR (N)

SR
SR
SR

T
SR

T
Acc
SR

^R
SR (N), WR (S) 

Acc 
WR 
SR 

T 
SR 
Acc 

T 
Acc 

SR (N)
T
T

PR (S)
PR (S)

WR
WR



APPENDIX D

DISTRIBUTION, HABITAT REQUIREMENTS, STATUS AND 
FOOD PREFERENCES OF MICHIGAN MAMMALS

CONSUMER: Omnivore

SPECIES: Pi del phis  marsupial  i s  

Common Name: Opossum

STATUS: Abundant (Long, 1974)

FOOD PREFERENCES: C a r r io n ,  f r u i t s ,  n u t s ,  p o u l t r y ,  i n s e c t s  (B u r t ,  1972);
most ly  animal food in  a l l  s ea so n s :  w in t e r — 83%, s p r in g — 95%, 
summer— 87%, f a l l — 83% (M ar t in ,  1961);  from 52 stomachs 80% 
was animal m a t t e r— c a r r i o n ;  p l a n t s  e a ten  were g r a p e s ,  poke- 
weed, e l d e r b e r r i e s ,  and ground c h e r r i e s  ( Phygal is  s p . )  (Taube, 
1947).

HABITAT REQUIREMENTS: Wooded a r e a s ;  a lm os t  any s h e l t e r  i t  can f i n d ;  i t
may use d e s e r t e d  dens o f  o t h e r  an im a ls ,  under  b u i l d i n g s ,  brush 
p i l e s ,  o r  use t r e e  dens (B u r t ,  1972).

HOME RANGE: Mean d i s t a n c e — 697 f t  (212.5  m) (Holmes, 1965); 1680 f t
(512 m) (V e r t s ,  1963).

SPECIES: Ursus americanus

STATUS: Rare ,  p r o te c t e d  (Long, 1974)

CONSUMER: Omnivore

Common Name: Black b ea r

84
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FOOD PREFERENCES: B e r r ie s  and o t h e r  f l e s h y  f r u i t s ,  as well  as  a c o r n s ,
b eechnu ts ,  and pine seeds a r e  s t a p l e s .  S e rv ic e b e r ry  a l s o  
consumed; animal food c o n s i s t s  o f  i n s e c t s ,  f i s h ,  and small 
mammals (B u r t ,  1972).

HABITAT REQUIREMENTS: P re f e r r e d  denning s i t e s  in Michigan a re  holes
beneath  logs o r  f a l l e n  t r e e s  o r  in  h i l l s i d e s  (E r ic k so n ,
1964). Upland hardwoods a r e  favored  dur ing  a l l  s e a so n s ,  
bu t  c o n i f e r  swamps a re  a l s o  h e a v i ly  u t i l i z e d  (E r ic k so n ,  1964) .

HOME RANGE: Normal movements o f  marked bears  average l e s s  than 5 mi
(8.1 km) (E r ickson ,  1964); and minimum summer and annual 
home ranges  were e s t im a te d  as approximate ly  6 and 15 mi2 
r e s p e c t i v e l y  (E r ick so n ,  1964) .

FOOD PREFERENCES: Mostly animal m a t t e r :  w i n t e r — 58%, s p r in g — 96%,
summer--82%, f a l l  — 58%; f r o g s ,  c r a y f i s h ,  g r a s s h o p p e rs ,  i n 
s e c t s  (M ar t in ,  1961); p l a n t  fo o d s :  f a l l  and w in t e r  mains tay  
i s  a c o r n s ,  co rn ,  and f l e s h y  f r u i t s  a l s o  f a v o r i t e s  (M ar t in ,  
1961);  c o rn ,  hay,  and f r u i t  most p r e f e r r e d ,  a l s o  mice,  i n 
s e c t s ,  o a t s ,  soybeans ,  s e e d s ,  and g ra s s  ( F i s h e r ,  1977).

HABITAT REQUIREMENTS: Tree  dens a r e  much more common than ground dens
(B ern e r ,  1965); p r e f e r  hollow t r e e s  f o r  dens. R es t ing  s i t e s  
a r e  u s u a l ly  t r e e  dens ( F i s h e r ,  1977).

HOME RANGE: 89-380.5  a (36-154 h a ) ,  ave rag ing  136 a (55 ha) ( F i s h e r ,
1977).  Range from 1000-7000 f t  (304 .8-2133 .6  m), ave rag ing  
3194 f t  (973.5  m ) ; home ranges  vary from 20 t o  83 a (8-34  ha) 
(Stromberg,  1970) .

CONSUMER: Omnivore

STATUS: Abundant (Long, 1974)

SPECIES: Procyon l o t o r

Common Name: Raccoon
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SPECIES: Mustela erminea

Common Name: S h o r t t a i l  w e a se l ;  ermine

STATUS: P r o te c te d —more abundant than
M. f r e n a t a  (Long, 1974)

CONSUMER: Carnivore

FOOD PREFERENCES: Small mammals and b i r d s  ( B u r t ,  1972).

HABITAT REQUIREMENTS: Woodlands (B u r t ,  1972) ,  marshes and mesic  f o r e s t s
(Long, 1974);  c a v i t y  o r  burrow beneath  r o c k p l l e ,  woodp i le ,  o r  
b u i ld in g  (B u r t ,  1972).

HOME RANGE: 30-40 a (1 2 .1 -1 6 .2  ha)  ( B u r t ,  1976) .

SPECIES: Mustela f r e n a t a

Common Name: L o n g ta i led  weasel

STATUS: P r o t e c t e d ;  uncommon, perhaps
r a r e  (Long, 1974)

CONSUMER: Carnivore

FOOD PREFERENCES: R a b b i t s ,  mice (Long, 1974; B u r t ,  1972) .

HABITAT REQUIREMENTS: F o r e s t ,  b r u s h l a n d ,  p r a i r i e  ( e s p e c i a l l y  n ea r
w a t e r ) ;  c a v i t i e s ,  burrows as  w i th  M. erminea ( B u r t ,  1972).

HOME-RANGE: 30-40 a (12-16 ha)  ( B u r t ,  1976).
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SPECIES: Mustela rixosa

Common Name: L eas t  weasel

STATUS: Rare and perhaps t h r e a t e n e d
(Long, 1974)

CONSUMER: Carnivore

FOOD PREFERENCES: Mice, i n s e c t s ,  and p o s s i b l y  small b i r d s  ( B u r t ,  1972) .

HABITAT REQUIREMENTS: Meadows, f i e l d s ,  and p o s s ib ly  woodlands (B u r t ,
1972); marshes and wet p r a i r i e s  (Long, 1974) .

HOME RANGE: Male in  w i n t e r  about  2 a ( 0 .8  ha) ( B u r t ,  1972) .

SPECIES: Mustela  v ison

Common Name: Mink

STATUS: Uncommon, p r o t e c t e d
(Long, 1974)

CONSUMER: Carnivore

6>> .* • , «
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FOOD PREFERENCES: F i s h ,  mice ,  r a b b i t s ,  b i r d s ,  t u r t l e  eg g s ,  and f rogs
(B u r t ,  1972).

HABITAT REQUIREMENTS: Wooded s t r e a m s ;  burrow In bank o f  l ak e  o r  s t ream
o r  beneath stump o r  log  ( B u r t ,  1972) .

HOME'RANGE: For male ,  g r e a t e r  than  1100 a (445.2  ha) (McCabe, 1949);
f o r  fem ale ,  19 .4  to  50 .3  a ( 7 .8 - 2 0 .3  ha)  ( M i t c h e l l ,  1961);  
about  20 a (8 ha) ( M a r s h a l l ,  1936) .
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SPECIES: Lutra canadensis

Coranon Name: R ive r  o t t e r

STATUS: P r o t e c t e d ,  f a i r l y  common
(Long, 1974)
Threa tened  (S te a rn s  and 
L in d s le y ,  1977)

CONSUMER: Carnivore

FOOD PREFERENCES: Forage f i s h  most im por tan t  (Knudsen and Hale ,  1968) ;
amphibians ,  c r a y f i s h ,  i n s e c t s ,  s n a i l s  ( B u r t ,  1972).

HABITAT REQUIREMENTS: Bank burrows a long  s t ream  o r  l ak e  ( B u r t ,  1972) .

HOME RANGE: 15 mi (24 km) o r  more ( B u r t ,  1976).

SPECIES: Mephit is  m ep h i t i s

Common Name: S t r i p e d  skunk

STATUS: Abundant (Long, 1974)

CONSUMER: Omnivore

FOOD PREFERENCES: Mostly animal food:  a d u l t  and l a r v a l  I n s e c t s ,  g r a s s 
h oppers ,  g ru b s ,  b e e t l e s ,  wasps ,  s p i d e r s ,  t o a d s ,  f r o g s ,  l i z a r d s ,  
mice; p l a n t  food: f l e s h y  f r u i t s  p r i n c i p a l l y  (M ar t in ,  1961) .

HABITAT REQUIREMENTS: Ground dens (Storm, 1966) .  They do n o t  h i b e r n a t e
b u t  s t a y  i n a c t i v e  f o r  ex tended  p e r io d s  w i t h i n  dens ( S u n q u l s t ,  
1974).  Skunks s h i f t  from above ground and hollow log  n e s t  
s i t e s  t o  underground dens 1n t h e  f a l l  (Houseknecht ,  1969).  
Summer n e s t  s i t e s  change a lm os t  d a i l y  and do n o t  cache food 
In  dens b u t  depend on f a t  r e s e r v e s  ( S u n q u l s t ,  1974) .
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HOME RANGE: 31-114 a (12-46 h a ) ;  d a l l y  a c t i v i t y  f o r  males i s  0 .5  mi
( 0 .8  km), f o r  females  0 .2  t o  0 .4  mi (0 .3 2 -0 .6 4  km) ( B a i ly ,
1971).  For r a b id  skunks I t  was found to  be 990 x 880 yds 
(804.7  x 905 .3  m); 98.5$ o f  321 rad io  p o s i t i o n s  were w i th in  
a 1 mi (1 .6  km) r a d iu s  (Storm, 1966) .

FOOD PREFERENCES: C h ie f ly  meat w i th  b e r r i e s  and f r u i t s  i n  s e a so n ,  bulk
o f  food i s  small mammals ( B u r t ,  1972) .  Mice, r a b b i t s ,  b i r d s ,  
i n s e c t s ;  f r e s h  f r u i t s  and seed average  about  25$ o f  th e  sum
mer and f a l l  d i e t  (M ar t in ,  1961) .  C h ie f  prey  s p e c i e s  a re  
c o t t o n t a i l s ,  Microtus pennsy lvan icus  and Peromyscus spp. 
(A bies ,  1969) .

HABITAT REQUIREMENTS: Not markedly d i f f e r e n t  f o r  red  o r  gray fox
(Foilman,  1973);  r e s t  a t  midday (Storm, 1965).

HOME RANGE: 18 .4  mi (31 km) ( P h i l l i p s ,  1972) .  955 a o r  1 .9  x 1 .4  mi
wide (386 ha) (Storm, 1965) .  142 to  400 a (5 7 .5 -1 6 1 .9  ha)
(Abies ,  1969) .

CONSUMER: Carnivore

SPECIES: Vulpes fu lva

Common Name: Red fox

STATUS: Abundant (Long, 1974)

SPECIES: Uroc.yon c^ 'nereoargenteus

Common Name: Gray fox

CONSUMER: Omnivore

STATUS: Rarer  than  Red fox and
p o s s ib ly  t h r e a t e n e d  
(Long, 1974)
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FOOD PREFERENCES: Animal food: b i r d s ,  mice ,  r a b b i t s ;  p l a n t  food: f r u i t
and o t h e r  p l a n t  products  c o n s t i t u t e  a small b u t  f a i r l y  c o n s i s 
t e n t  p a r t  o f  d i e t  (M ar t in ,  1961).  C o t t o n t a i l ,  a r t h r o p o d s ,  
small mammals and b i r d s  c o n s t i t u t e  84% o f  t h e  d i e t  (Yoho, 1972).

HABITAT REQUIREMENTS: F o res t s  and f a i r l y  open b ru sh la n d ,  den may be
in  hollow logs  o r  t r e e s ,  o r  under a rock p i l e .  Gray foxes 
a r e  a rb o re a l  ( B u r t ,  1972).

HOME RANGE: 0.25 to  0 .5  mi ( 0 . 4 - 0 . 8  km) r a d iu s  (Long, 1974).

CONSUMER: Carn ivore

FOOD PREFERENCES: R a b b i t s ,  m ice ,  b i r d s  (Long, 1974).

HABITAT REQUIREMENTS: Swamps and broken coun try  w i th  adequa te  brush
c o v e r ;  c a v i t i e s  in  t r e e s ,  and logs  f o r  dens ( B u r t ,  1972) .

HOME RANGE: Usual ly  w i th in  2 mi (3 .2  km) r a d iu s  o f  den ( B u r t ,  1976).

SPECIES: Marmota monax

STATUS: Uncommon (Long, 1974)
Threa tened  (S te a rn s  and 
L in d s le y ,  1977)

SPECIES: Lynx ru fus

Common Name: Bobcat

CONSUMER: Herbivore

STATUS: N e i th e r  abundant nor  r a r e

Common Name: Woodchuck

(Long, 1974)
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FOOD PREFERENCES: Eats  green v e g e t a t i o n  in  summer and h i b e r n a t e s  in
w i n t e r ;  food c o n s i s t s  o f  c l o v e r ,  g r a s s e s ,  and ve g e ta b le s  
( B u r t ,  1972) .  The woodchuck e a t s  on ly  green food— g r a s s e s ,  
l e a v e s ,  and buds ( F a l l ,  1971) .

HABITAT REQUIREMENTS: Digs compl ica ted  burrow sys tem s ,  makes dens in
f i e l d s ,  fence  rows and woodlands bordered  by c l e a r i n g s  (B u r t ,
1972).

HOME RANGE: 0 .25  to  0 .5  ml ( 0 . 4 - 0 . 8  km) 1n d iam eter  (B u r t ,  1972).
200 t o  300 f t  (6 1 .0 -9 1 .4  m) r a d iu s  (Long, 1974).

SPECIES: Tamias s t r i a t u s

Common Name: Eas te rn  chipmunk

STATUS: Abundant (Long, 1974)

CONSUMER: Omnivore

FOOD PREFERENCES: Seeds o r  nu ts  o f  woody p l a n t s ;  a l s o  c o rn ,  wheat ,  and
o t h e r  crop p l a n t s  as wel l  as seeds  o f  weedy p l a n t s ;  animal 
m a t t e r  in c lu d e s  i n s e c t s ,  young b i r d s ,  e g g s ,  and s n a i l s  (M ar t in ,  
1961) .  Summer— 87% p l a n t  m a t e r i a l ,  f a l l — 91% p l a n t  m a t e r i a l .

HABITAT REQUIREMENTS: Hardwood f o r e s t s ,  semi-open b r u sh lan d ;  r a r e l y  in
swamps (B u r t ,  1972) ;  most ly  a ground d w e l l e r ,  uses  t r e e s  on ly  
o c c a s i o n a l l y  (B u r t ,  1972) .

HOME RANGE: Seldom more than  100 yd (91 .4  m) d iam ete r  (B u r t ,  1972).
200 f t  (61 m) r ad iu s  (Long, 1974).

SPECIES: Tamiasciurus  hudsonicus

Common Name: Red s q u i r r e l

STATUS: Abundant (Long, 1974)
■m* \  
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CONSUMER: Omnivore

FOOD PREFERENCES: Nuts ,  p ine  cones ,  mushrooms, b i r d s '  eggs ,  n e s t 
l i n g s ,  meat ,  sap (B u r t ,  1972).  P la n t  food: seeds  and f r u i t s  
o f  both c o n i f e r s  and hardwoods; animal food:  c a r r i o n ,  i n 
s e c t s ,  young b i r d s ,  and eggs (M ar t in ,  1961).

HABITAT REQUIREMENTS: Coniferous  and hardwood f o r e s t s  ( B u r t ,  1972) .

HOME RANGE: Probably  l e s s  than 200 yd (183 m) (B u r t ,  1972) . 500 to
600 f t  (152-183 m) (Long, 1974).

SPECIES: S c iu rus  c a r o l i n e n s i s

Common Name: Gray s q u i r r e l

STATUS: Abundant (Long, 1974)

CONSUMER: Omnivore

FOOD PREFERENCES: Animal food: i n s e c t  l a r v a e ,  b i r d s '  e g g s ,  n e s t i n g s ;
p l a n t  food i s  by f a r  th e  most im p o r tan t :  w i n t e r —98%, 
s p r i n g —100%, summer— 87%, f a l l — 98% (M ar t in ,  1961).

HABITAT REQUIREMENTS: Hardwood f o r e s t s ,  n e s t s  a re  e i t h e r  in  hollow
t r e e s  o r  c o n s t r u c t e d  l e a f  n e s t s  ( B u r t ,  1972).

HOME RANGE: Males: 1 .3  a (0 .5  h a ) ;  females:  1 a ( 0 .4  ha) (Doebel ,  1974) .

SPECIES: Sc iu rus  n i g e r

Common Name: Fox s q u i r r e l

STATUS: Abundant,  s p rea d in g  (Long, 1974)

* * % • • •  * /y
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CONSUMER: Omnivore

FOOD PREFERENCES: Oak a c o r n s ,  h ickory  n u t s ,  mushrooms, b i r d s '  eggs ,
young b i r d s ,  i n s e c t s ,  f r u i t ,  and corn (M ar t in ,  1961).

HABITAT REQUIREMENTS: Tree c a v i t i e s  o r  w i l l  c o n s t r u c t  l e a f  n e s t s ;
small a re a s  o f  hardwoods I n t e r s p e r s e d  with  open farm l a n d ,  
and wooded s treams ( B u r t ,  1972) .

HOME RANGE: About 400 f t  (122 m) (T r lp p e n se e ,  1948).

SPECIES: C as to r  canadens is

Common Name: Beaver

STATUS: Numbers d e c l i n i n g  due to
h a b i t a t  l o s s ,  ab sen t  from 
so u th e rn  Michigan (Long, 
1974)

CONSUMER: Herbivore

* * • • • »

FOOD PREFERENCES: Aspen— bark and twigs  840 k c a l /d ay  (1 .5  lb s  aspen)
f o r  maintenance o f  26 lb  y e a r l i n g .  2040 k c a l /d a y  (3 .6  lb s  
aspen)  f o r  maximum growth (B renner ,  1967).

HABITAT REQUIREMENTS: F o r e s t  s tan d s  o f  a spen ,  p o p l a r ,  b i r c h ,  maple,
o r  wil low by a l a k e  o r  s t r e a m ;  b u i ld s  lodge in  th e  lake  o r  
s t ream bed o r  has bank burrow where w a te r  too s w i f t  f o r  
lodge (B u r t ,  1972).

HOME RANGE: (Feeding range)  1 .0  a t o  1 .8  a ( 0 .4  h a -0 .7  ha) (B renner ,
1967) .

SPECIES: Ondatra z i b e t h l c a

Common Name: Muskrat

STATUS: F a i r l y  abundant (Long, 1974)
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CONSUMER: Omnivore

FOOD PREFERENCES: Aquat ic  and marsh p l a n t s — c a t t a i l s ,  b u l r u s h ,  some
clams,  s n a i l s ,  and c r a y f i s h  ( B u r t ,  1972).

HABITAT REQUIREMENTS: Marshes,  ponds , l a k e s ,  and s t r e a m s ;  heavy growth
o f  rush o r  c a t t a i l s ;  b u i l d s  "houses"  o r  bank burrows with  
e n t r a n c e  u s u a l l y  below w ate r  ( B u r t ,  1972).

HOME RANGE: 50 to  100 yd (4 5 .7 -9 1 .4  m) r a d iu s  from den ( E r r i n g t o n ,
1961).

CONSUMER: Omnivore

FOOD PREFERENCES: Almost any p l a n t  s p e c i e s ,  bark and wood, and some
meat (B u r t ,  1972);  deciduous l e av es  in  summer (Brander ,
1973).

HABITAT REQUIREMENTS: F o r e s t  d w e l l e r— a r b o r e a l ,  c a v i t y  d w e l l e r  ( l o g s ,
hollow t r e e s ,  caves)  (B u r t ,  1972).

HOME RANGE: Females 1n summer: 32 to  36 a (13-14 .6  ha)  (M arsh a l l ,
1962).  Mean c r u i s i n g  r a d iu s  o f  492 f t  (150 m) in  summer 
f o r  a l l  animals  (B ran d e r ,  1973) .

STATUS: Never abundant ,  bu t  no t
r a r e  (Long, 1974)

SPECIES: E re th izon  dorsatum

Common Name: Porcupine

STATUS: Abundant in  a p p r o p r i a t e
h a b i t a t  (Long, 1974)

SPECIES: Lepus americanus

Common Name: Snowshoe hare
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CONSUMER: Herbivore

FOOD PREFERENCES: Succu len t  v e g e t a t i o n  du r ing  summer months, and tw ig s ,
buds,  and bark o f  small t r e e s  dur ing  w i n t e r  ( B u r t ,  1972).  
White c e d a r ,  s p eck led  a l d e r ,  b lack  s p ru c e ,  balsam f i r ,  win- 
t e r b e r r y ,  and s u g a r  maple twigs  browsed (Bookhout,  1965).  
A lso ,  quaking a sp en ,  r a s p b e r r y ,  and h a ze ln u t  (B id e r ,  1961) .

HABITAT REQUIREMENTS: Spruce and cedar  swamps, and nearby  wooded a r e a s
(B u r t ,  1972);  "edge" a re a s  a r e  h ig h ly  used (Bookhout,  1965).  
Res t  in  "forms" by logs  o r  beneath  t r e e s  In a r e a s  o f  dense 
cover  du r ing  t h e  day (B u r t ,  1972) .

HOME RANGE: Males in  w i n t e r — 19 a (7 .6  h a ) ;  males i n  summer— 26 a
(10 .5  h a ) ;  females  i n  w i n t e r — 16 a ( 6 .4  h a ) ;  females  in  
summer— 15.4 a ( 6 .3  ha)  (Bookhout,  1965).

FOOD PREFERENCES: Summer— t e n d e r ,  herbaceous  p l a n t s ;  w i n t e r — twigs  and
bark o f  young t r e e s :  sumac, dogwood (M ar t in ,  1961) .

HABITAT REQUIREMENTS: Brushy a r e a s ,  edges  o f  swamps, open woods ( B u r t ,
1972); p r i m a r i l y  n o c t u r n a l ,  r a b b i t s  spend th e  day 1n some 
s h e l t e r e d  s p o t ,  e i t h e r  1n heavy g r a s s ,  ground burrows,  o r  
brush  p i l e s .  A g r i c u l t u r a l  lands  w i th  c r o p l a n d s ,  g r a s s l a n d ,  
woodland,  and b ru sh lan d  e q u a l ly  r e p re s e n te d  and d i s t r i b u t e d ;  
o ld  woodchuck burrows a r e  p r e f e r r e d  o v e r  v e g e t a t i v e  cover  and 
brush  p i l e s  a r e  a l s o  used ( T r ip p e n se e ,  1948) .

HOME RANGE: Males: 8 t o  20 a ( 3 .2 - 8 .1  h a ) ;  fem a les :  about  3 a  (1 .2  ha)
( B u r t ,  1972) .

CONSUMER: Herbivore

STATUS: Abundant (Long, 1974)

SPECIES: S y lv i lag u s  f l o r i d a n u s  

Common Name: C o t t o n t a i l
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CONSUMER: Herbivore

STATUS: Abundant,  th roughou t  th e
reg ion  (Long, 1974)

SPECIES: Odocoileus vlrginianus

Common Name: W h i t e - t a i l e d  dee r

FOOD PREFERENCES: S pr ing— g ram in id s ,  eve rg reen  ground p l a n t s  (b a r ren
s t r a w b e r r y ,  s t r a w b e r ry ,  b lue -bead  l i l y ,  w i n t e r g r e e n ) ; e a r l y  
summer— aspen l e a v e s ,  g r am in id s ,  bush honeysuckle ;  l a t e  sum
mer— aspen l e a v e s ,  bush honeysuckle ,  a s t e r s ;  f a l l — g ra s s e s  
and s e d g e s ,  a c o r n s ,  a s t e r s ,  aspen l e a v e s ,  mushrooms (McCaffrey,
1974) .  Winter— n o r th e rn  w h i te  c e d a r  ( p r e f e r r e d ) ,  su g a r  maple,  
w i l lo w s ,  beaked h a z e l n u t ,  swamp b i r c h ,  speck led  a l d e r ,  w in t e r -  
b e r ry  (Bookhout,  1965).  Grasses  and fo rbs  when a v a i l a b l e ,  
woody browse w i th  snowcover ( red  and ground cedar )  (C o b len tz ,  
1970).  Acorn a v a i l a b i l i t y  p robably  has e f f e c t  on w i n t e r  s u r 
v iva l  (more a c o r n s ,  b e t t e r  s u r v i v a l )  (Duvendeck, 1962) .

HABITAT REQUIREMENTS: Winter— low, c o n i fe ro u s  a rea s  from mid-December 
t o  f i r s t  o f  Apri l  (Bookhout,  1965) .  High c a r r y i n g - c a p a c i t y  
w i n t e r  y a rd  c h a r a c t e r i z e d  by l a r g e  (40-160 a ) ,  f u l l y  s to c k e d ,  
even-aged s t a n d s ,  i n t e r s p e r s i o n  on small t r a c t s  leads  to  o v e r 
u s e ,  t h e r e f o r e ,  l a r g e  t r a c t s  o f  d i f f e r e n t - a g e d  c l a s s e s  b e s t  
(Verme, 1965).

HOME RANGE: Rare ly  more than  a ml ( 1 .6  km) ac ro ss  ( B u r t ,  1976).  May 
be found s e v e ra l  mi from t r a d i t i o n a l  w in t e r in g  y a rd  in  Nov
ember (Verme, 1973).
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