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INTRODUCTION

The ev id e n t  succession o f  communities on the sand dunes 

along Lake Michigan has prompted many persons to use t h i s  

area f o r  studying var ious aspects o f  succession.  The sand 

dune communit ies are e s p e c i a l l y  wel l  sui ted f o r  such s tudies  

because of  the u n i f o rm i t y  o f  many f a c t o r s ,  such as i n i t i a l  

su b s t r a t e  and c l i m a t e .  The p r o g re ss iv e l y  o l d e r  dunes,  due 

to the lower ing of  lake l e v e l s  dur ing g l a c i a l  r e t r e a t  (Olson 

1 9 5 8 ) ,  should d i f f e r  only because o f  " t ime,  the b i o l o g i c a l  

processes of  succession,  and chance events assoc ia ted  wi th  

d i s p e r s a l  and c o l o n i z a t i o n "  (Krebs 1972: 421 ) .

Cowles (1899)  developed his ideas on p l a n t  succession  

wh i l e  i n v e s t i g a t i n g  the d i f f e r e n t  vege ta t ion  types on the 

Lake Michigan sand dunes. She l fo rd  (1913)  s tudied the suc­

cession of  an imals ,  e s p e c i a l l y  i n v e r t e b r a t e s .  Bees (Pearson 

19 3 3 ) ,  ants ( T a lb o t  1934 ) ,  o r thopte rans  (St rohecker  1937 ) ,  

sp iders  (Lowr ie  1948) ,  and b i rds  (Van Orman 1975) are o ther  

fauna!  groups which have been c l o s e l y  studied in the same

communit ies.  Vegetat ion ( e . g .  F u l l e r  1911, 1914 and Mor­

r i so n  and Yarranton 1973,  1974)  and physical  f a c t o r s  ( e . g .  

T a lb o t  1934 and St rohecker  1937)  have also been s t ud i e d .  

Olson (1958 )  c r i t i c a l l y  reexamined the successional  t rends  

on Lake Michigan sand dunes.

However,  except fo r  some general  statements by Dice

(19 20 ,  1925)  and Wood ( 1 9 2 2 ) ,  and a few notes by She l fo rd

1
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( 1 9 1 3 ) ,  the re  appear to be no s tudies  of  the mammalian com­

ponents o f  the successional  communities on the sand dunes.  

This study was i n i t i a t e d  to i n v e s t i g a t e  the populat ions of  

mammals w i th  respect  to c u r r e n t  ideas of  succession.
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STUDY AREAS

Study areas were es t ab l i s he d  w i t h i n  each of  f i v e  vege-  

t a t i o n a l  stages on the sand dunes. Each study area was 

se lec ted  on the basis o f  consistency of  vegeta t ion ty p e ,  

adequacy o f  s i z e ,  freedom from human d i s tu rb an ce ,  and p rox ­

i m i t y  to o t h e r  study areas.

Area 1. Pioneer  dune grasses ( F i g .  1 ) .  This area  

was covered by clumps of  marram grass ( Ammophila b r e v i l i g -  

u l a t a ) ,  sand reed grass ( Ca lamovi l f a  l o n g i f o l i a ) ,  and l i t t l e  

bluestem ( Andropogon sc op ar iu s ) .  These grasses provided  

the on ly  cover  as bare sand ex is t ed  between the clumps.

The sand was loose wi th cont inua l  deposi t ion  occ ur r ing .  

Although t h i s  ve ge t a t i on  type was found on the foredunes,  

i t  a lso occurred on blowouts where wind erosion had c rea ted  

bare sand and the dune grasses had become e s ta b l i s h e d .  Large 

blowouts tended to be f r e e r  from human d is turbance and were 

t h e r e f o r e  se lec ted  as study areas.

Area 2.  Cottonwood (F i g .  2 ) .  Cottonwood t rees  ( Populus 

del t o i d e s ) were the most obvious v e g e t a t i o n ,  but were s c a t ­

te re d .  Dune-bui ld ing  shrubs,  p r i m a r i l y  dune grape ( Vi t i  s 

r i  par i  a v a r .  s y r t i  col a ) ,  sand dune w i l l o w  (Sa l i x  s y r t i  col a ) ,  

and sand cher ry  ( Prunus pum i l a ) ,  grew e x t e n s i v e l y  throughout  

the a r e a .  The dune grasses a lso p e r s i s t e d ,  a l though marram 

grass was not as abundant as in area 1.  Numerous ponds 

f r in g e d  w i t h  dense grasses also ex is te d  in th is  study area .

3
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Fig.  1. Pioneer  Dune Grass Area.  Marram grass and sand reed grass 
are the grasses seen in th is  photograph.  Cottonwood t rees  are seen 
in the l e f t  background outs ide th is  study area .

Fig.  2. Cottonwood Area.  A cottonwood t r e e  is ev iden t  in the l e f t  
foreground.  The shrubs in the foreground are p r i m a r i l y  sand dune 
wi l low and sand cher ry .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Area 3.  Jack pine (F ig .  3 and 4 ) .  Jack pines ( Pinus
•s

banks iana ) and some red pines ( Pinus r e s i n o s a ) dominated 

t h i s  area which occurred in depressions behind the c o t t o n ­

wood dunes. The t r ee s  grew close enough to ge th er  in places  

to impede t r a v e l .  Por t ions of  the area had standing water  

wi th many dead t r e e s ,  apparen t ly  a r e c e n t  co nd i t i on  due to 

the high l e v e l  o f  water  in the Great  Lakes during the p r e ­

ceding ye a r s .  There was l i t t l e  ground cover  except in s c a t ­

tered  openings which contained most ly  the same vege tat ion  

as t h a t  found in the cottonwood a rea .

Area 4.  Black oak ( F ig .  5 ) .  Black oak ( Quercus v e l u -  

t i n a ) was the major  canopy species in t h i s  a rea .  The under­

s to r y  was comprised most ly o f  black oak,  sassa fras  ( Sassa­

f r a s  a lb idu m ) ,  wh i te  pine ( Pinus s t r o b u s ) ,  and red maple 

( Acer rubrum) .  The canopy t rees  were w id e ly  spaced wi th  

the open areas p a r t i a l l y  f i l l e d  wi th  the understory  species  

and some grasses.

Area 5.  Beech-maple (F ig .  6 ) .  Al though sugar maple 

( Acer saccharum) and American beech ( Fagus g r a n d i f o l i a ) 

dominated in the canopy,  black cherry  ( Prunus s e r o t i n a ) 

and red oak ( Quercus r u b r a ) were a lso  e v i d e n t  as canopy 

species in t h i s  a r e a .  Beech, sugar maple ,  hemlock ( Tsuga 

canadens is) , and wh i te  pine comprised the understo ry .  Ground 

cover v a r i e d  from very dense to almost  none throughout  the  

a r e a .

P lan t  succession on Lake Michigan sand dunes t y p i c a l l y
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Fig.  3. Jack Pine Area,  from an opening w i t h i n  the area.
The grasses in the foreground ex isted  in the openings w i t h i n  
th is  area .  The dense growth and lack o f  ground cover in the 
actual  f o r e s t  can be seen in the background.
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Fig.  4. Jack Pine Area.  An overview of  the jack pine area and 
one of  the numerous ponds w i t h in  the sand dune area are seen from 
one o f  the surrounding dunes.

Fig.  5. Black Oak Area. The unique topography of  the sand dunes 
is s t i l l  ev iden t  in th is  area .  The l a r ge  t rees are black oaks.  
Several  wh i te  pines in the understory are ev ident  in the r i g h t  
fo reg roun d .
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Fig.  6. Beech-maple Area.  Al though not many canopy t rees  
are ev id e n t  in th is  photograph,  the l i m i t e d  s u n l ig h t  reaching  
the f o r e s t  f l o o r  is an i n d i c a t i o n  t h a t  the canopy is dense.  
Most o f  the small t rees are sugar maple and American beech.
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begins w i th  the pioneer  dune grasses fo l lowed by cottonwood 

and va r ious  shrubs.  P ines,  most ly  j a c k ,  w h i t e ,  and r e d ,  

invade the cottonwood a r ea s ,  then are replaced by black  

oak (Cowles 1899,  Olson 1958) .  Olson found black oak r e ­

maining dominant on the o l de s t  dunes which he dated a t  the 

southern end o f  Lake Michigan.  He be l i eved t h a t  succession  

to a beech-maple f o r e s t  on southern Lake Michigan sand dunes 

probably occurs only  in specia l  s i t e s  (moist  and p ro tec ted  

s l o p e s ) ,  and then not through the above sequence.

Olson (1958)  and Van Orman (1976 )  note t h a t  b lack oak 

becomes i n c r e a s i n g l y  ra re  as one proceeds north along the  

l ake  shore.  Red oak communities appear to be more common 

on these nor thern dunes and, due to t h e i r  more mesic nature  

( C u r t i s  1 9 5 9 ) ,  may proceed to a c l imax beech-maple f o r e s t  

more r e a d i l y  than would a black oak community. Beech-maple  

fo r e s t s  are  a l a r g e r  component o f  the sand dune ecosystem 

on the nor the rn  dunes than a t  the southern end o f  Lake M i c h i ­

gan. Thus the f i v e  sand dune communit ies se lec ted as study  

areas probab ly  r epr es ent  a l i k e l y  succession o f  communities 

on the nor the rn  sand dunes along Lake Michigan.

Areas 1 through 4 were loca t ed  in Muskegon S t a t e  Park,  

Muskegon County,  Michigan (Sec.  28 ,  R 17 W, T 10 N) .  Area 

5 was lo c a t e d  in the Hope Co l lege  Dune F i e ld  S t a t io n  j u s t  

south o f  Ho l l a nd ,  Michigan in A l l egan  County,  Michigan (Sec.  

9,  R 16 W, T 4 N) .
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METHODS

Sampling Time

The f i v e  study areas were i n t e r m i t t e n t l y  sampled f o r  

mammals from June to October 1975 (Table  1 ) .  A l l  the study  

areas were samp led four  t imes during t h i s  p e r io d ,  but only  

the l a s t  th re e  samples from area 5 (beech-maple)  are i n c l u d ­

ed because o f  changes in the sampling methods. The i n i t i a l  

sampling in area 5 was considered a p i l o t  study.  The com­

muni t i es  were sampled a t  t h i s  t ime of  year  because most 

popu la t ions  of  small mammals a t  t h i s  l a t i t u d e  begin breeding  

in the spr ing  wi th  a r e s u l t a n t  increase in t h e i r  popu la t ions  

throughout  the summer and f a l l  (Asdel l  1964)  even though 

repr od uc t ion  may slow markedly during the summer ( B l a i r  1940) .  

Also,  any mammals which h ib er na te  would be s u s c e p t i b le  to 

sampl ing in the summer. The i n t e r m i t t e n t  sampl ing o f  a l l  

areas throughout  the t ime per iod  was used to de te c t  poss ib le  

popu la t io n  changes and also to determine whether  the s c a r c i t y  

of  a species dur ing a t r ap p in g  per iod was a r e s u l t  of  a low 

po pu la t io n  a t  t h a t  t ime or a r e s u l t  of  an ac tua l  s c a r c i t y  of  

the species in t h a t  h a b i t a t .

Study areas 1 through 4 were sampled c o n c u r r e n t l y  dur ing  

each t r ap p i n g  per iod (except  dur ing t r ap p i n g  per iod I I  and 

I I I  when two areas were o f f s e t  by one day) .  Area 5,  the 

beech-maple f o r e s t ,  l ocated some 40 mi les south of  the o the r

10
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Table  1. Dates o f  mammal sampl ing on Lake Michigan sand dunes dur ing summer and f a l l ,  1975.  
Dates un de r l i n ed  i n d i c a t e  dates o f  t r a n s e c t  counts.

Study Area Sampling Per iods

Number Name I I I  I I I  IV

1 Pioneer  dune 
grasses

June 7 , 8 , 9 July 9,1_0,11 August 14,15,1_6 October  1 ,6

2 Cottonwood June 7 , 8 , 9 July 1 0 ,1 1 ,1 2 August 1 3 , 1 4 , 1 5 October  5 , 1

3 Jack pine June 7 , 8 , 9 July 9,10. ,11 August 1 4 ,1 1 ,1 6 October 5 , 1

4 Black oak June 7 , 8 , 9 July 1 0 ,U ,1 2 August 1 3 ,1 4 ,1  5 October 1 ,6

5 Beech-maple (May
June

3 0 , 3 1 ,  
1)

July 1_7 ,]_8,1 9 August 1 2 , 2 3 , 2 4 September 28 ,29
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areas ,  was sampled w i t h in  a week of  the sampling in areas 

1 through 4. The concurrent  sampling was conducted to negate 

any d i f f e r i n g  in f lue nce s  of  t ime ,  p r i m a r i l y  weather  condi ­

t i o n s .  A v a i l a b i l i t y  of  food and popula t ion f l u c t u a t i o n s  

were also considered when decid ing to sample a l l  areas w i t h i n  

a shor t  t ime span.

Small Mammal Sampling

A l l  the study areas were sampled i d e n t i c a l l y  wi th a 

v a r i e t y  o f  methods designed to census d i f f e r e n t  types of  

mammals. Small mammals were sampled wi th snap- t raps  and 

p i t - t r a p s .  The snap- t raps were "V ic to r "  type mouse traps  

ba i te d  wi th  a mixture  of  r o l l e d  oats and peanut b u t t e r .  

S t ic k e l  (1948)  and P a t r i c  (1970)  concluded t h a t  b a i t  was 

necessary when they found t h a t  a s i g n i f i c a n t l y  g r e a te r  number 

of  animals were caught by ba i ted  t raps than by unbai ted  

t r a p s .  Beer (1964)  found the r o l l e d  oats and peanut bu t t e r  

mixture to be the most e f f e c t i v e  f o r  cap tu r ing  a l l  animals.

The snap- t raps were arranged in a North American Census

of  Small Mammals (NACSM) type A t rap l i n e  (Calhoun 1963) .

Two p a r a l l e l  l i n e s  30 .5  m ap ar t  and 145 m long were located  

w i t h in  each study area a t  l e a s t  46 m from •'ny major  vegeta -  

t i o n a l  change, except  in the j a c k  pine a r ea .  In th is  area

occasional  openings wi th the same ve ge ta t io n  as found in the

cottonwood area were t ransec ted by j a c k  pine t rap  l i n e s .

Each t rap  l i n e  consisted of  20 t rapp ing  s t a t i o n s  wi th 7 .5  m
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between ad ja c en t  s t a t i o n s .  Three snap- t raps were placed  

a t  each t r ap p i n g  s t a t i o n  w i t h i n  1.5 m of  the stake marking 

each s t a t i o n ,  r e s u l t i n g  in a t o t a l  o f  120 t raps set  in each 

study area .

The t r a p  l i n e s  were operated f o r  three  consecut ive  

nights dur ing  each t r ap p i n g  per iod except dur ing per iod  

IV which only  had two n ights  o f  t rapp ing .  Trapping per iod  

I I I  was preceded by 14 days o f  p r e b a i t i n g  ( a l l  t raps placed  

and ba i te d  but not  s e t ) .  B a i t  was replaced every three  to 

fo ur  days dur ing  t h i s  p r e b a i t i n g  per iod .  C h i t t y  and Kempson 

(1949)  and G r o d z in s k i ,  Pucek,  and Ryszkowski (1966)  suggested 

p r e b a i t i n g  t raps as a means o f  eq u a l i z in g  the t r a p p a b i l i t y  

of  a l l  i n d i v i d u a l s  in a p o p u la t io n .

The p i t - t r a p s  consis ted  o f  two- and three-pound co f fee  

cans measuring 16 cm deepx 12 .5  cm wide and 16 .5  cm deep x 

15 .5  cm wide r e s p e c t i v e l y .  These cans were placed in the 

ground w i th  t h e i r  open end f l u s h  w i t h ,  or s l i g h t l y  beneath,  

the sur face  o f  the ground.  They were f i l l e d  approximate ly  

o n e - t h i r d  w i t h  wate r  to prevent  captured animals from jump­

ing out o f  the t raps  (MacLeod and Lethiecq 1963) or from 

dest roy ing  one another  i f  m u l t i p l e  captures occurred.  P i t -  

t raps sample shrews o f  the genus Sorex more e f f e c t i v e l y  

than o ther  t raps  as regards both species and numbers (Brown 

1967) .

E ight  p i t - t r a p s  e q u i d i s t a n t l y  spaced were placed in a 

l i n e  145 m long midway between the snap- t rap l i n e s  in each
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area .  The p i t - t r a p s  were in op er a t i on  during the same t ime  

as the s n a p - t r a p s ,  plus dur ing the 14-day p r e b a i t i n g  pe r iod .  

P i t - t r a p s  were not used dur ing the f i n a l  t rapp ing  per iod  

in areas 1 through 4 because of  t ime l i m i t a t i o n s .

Since the sand on the dunes provided a good base f o r  

observing t rac ks  of  an ima ls ,  th ree  a r ea s ,  one square meter  

each,  were marked and brushed c lean in each study area .  

Considerable  c l e a r i n g  of  the l i t t e r  in the jack p i ne ,  black  

oak,  and beech-maple areas was r e q u i r e d .  A f i n e  l a y e r  of  

sand was deposi ted on the c l e a r i n g s  in these three  study 

areas to prov ide  a b e t t e r  base f o r  record ing t r ac ks .  This  

procedure was fo l lowed dur ing each t rapping  per iod except  

the l a s t  when no t rac k ing  areas were es ta b l i s h e d .  Bider  

(1968)  s u c c e s s f u l l y  used a sand t r a n s e c t  f o r  measuring animal  

a c t i v i t y  in a t e r r e s t r i a l  community,  and var ious persons 

(Sheppe 1965,  J u s t ic e  1961) have used t r a c k in g  methods as 

an i n d i c a t o r  o f  home range and h a b i t a t  s e le c t io n  and u t i l i ­

z a t i o n .

A l l  t raps  and t r a c k in g  areas were checked each morning 

of  the t r ap p i n g  per iod .  Captures were recorded according  

to spec ie s ,  t r a p  lo ca t i on  and number, and da te ,  and marked 

f o r  l a t e r  examina t ion .  Traps were re b a i t e d  and re se t  as 

needed.

The lo c a t i o n s  of  the t raps and t r a c k in g  areas were 

changed in each t rapping per iod so t h a t  a d i f f e r e n t  po r t ion  

of each h a b i t a t  was sampled each t ime wi th  no sampling r e ­

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

peated in any given l o c a t i o n .  This pe rm i t t ed  a wide sam­

p l in g  throughout  the h a b i t a t .  A lso ,  any e f f e c t s  o f  removal  

t rapp in g  ( e . g .  poss ib le  s u b s t a n t ia l  reduc t ion  in po pu la t ions )  

did not have to be considered when changing the lo c a t i o n  

of  t r a p s .

Standard measurements of  length and weight  o f  the cap­

tured animals were taken in the l a b o r a t o r y .  Sex,  age,  and 

re p r o d u c t iv e  co nd i t i on  o f  each specimen were also determined.  

I n d i v i d u a l s  were assigned to an age group ( a d u l t  or j u v e n i l e )  

on the basis  o f  weight  ( i n s e c t i v o r e s ) or  pelage ( r o d e n t s ) .  

Peromyscus could be determined to be e i t h e r  j u v e n i l e  (gray  

p e l a g e ) ,  subadul ts (gray-brown p e l a g e ) ,  or  ad u l ts  ( r u f o u s -  

brown pe lage )  (B ur t  1940,  B l a i r  1940) .  Breeding co nd i t i on  

in males was determined by enlarged te s t e s  and seminal ves­

i c l e s  (Jameson 1950 ) ,  in females by l a c t a t i o n ,  pregnancy,  

p l a c e n t a l  sc ars ,  and/or  corpora l u t e a  (Rolan and Gier  1967) .

Diurnal  Mammal Sampling

Diurna l  s q u i r r e l s  and chipmunks were censused by v isua l  

o b s e r v a t i o n s ,  w i th  the a id  o f  7x35 b i n o c u l a r s ,  on 305 m 

t r a n s e c ts  in each study a rea .  An ad ap ta t io n  o f  the sample 

count method by Bond (1957)  was used. This consis ted o f  

a l t e r n a t e  s tanding and walk ing p e r io d s ,  each f i v e  minutes  

in d u r a t i o n ,  dur ing which a l l  mammals observed or  heard 

were noted.  The species and i t s  behavior  were recorded.

The observer  began the t r a n s e c t  wi th  a s tanding p e r io d ,  then
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proceeded wi th a slow walk ing per iod cover ing 61 m, fo l lowed  

by a standing p e r i o d ,  e t c .  The e n t i r e  t r a n s e c t  was t r a ­

versed in 50 minutes .

The width o f  the census area was 46 m in a l l  ha b i t a ts  

(23 m on e i t h e r  s ide o f  the o b s e r v e r ) .  The t o t a l  area cen­

sused was ap pro x i ma te l y  1 .4  ha.

The l o c a t i o n  o f  the t r a n s e c t  in each area was the same 

throughout  the s tudy .  The t ran sec ts  were kept separate  

from the t rap  l i n e s  since the snap- t raps  might a c c i d e n t a l l y  

capture  (and remove) some of  the animals to be censused 

v i s u a l l y .  The dates when each t r a n s e c t  was sampled are  

shown in Table 1.

A l l  ob serva t ions  and evidence o f  mammals on the sand 

dunes were noted.  Communication wi th  persons f a m i l i a r  wi th  

the animals o f  the areas produced f u r t h e r  in fo r ma t io n  on 

the fauna of  the a r e a .

Dens i ty

Densi ty  index

The sn ap- t r ap  l i n e s  were designed to ob ta in  indices  

of  the dens i ty  o f  smal l  mammals in each study area .  These 

i nd ices were c a l c u l a t e d  as the number o f  mammals caught per  

100 t rap  n i g h t s ,  t a k i ng  in to  c o ns id er a t io n  the t rap  ty pe ( s )  

capable of  ca tch ing a p a r t i c u l a r  spec ies .  For example,  i f  

a species was caught only in s n a p - t r a p s ,  then only the number 

of snap- t rap  n ights  would be considered when c a l c u l a t i n g  the
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de ns i t y  index.  The mean number of  observa t ions  of  a p a r ­

t i c u l a r  species per  t r a n s e c t  served as the dens i t y  index  

f o r  the d i u r na l  s c i u r i d s .

Est imated densi ty

Actual  dens i ty  was est imated f o r  both the smal l  mammals 

and d i u r na l  s c i u r i d s .  The method f o r  es t im at i ng  the dens i ty  

of  small  mammals is an ad apt a t ion  of  t h a t  used by G o l le y ,  

Gentry ,  C a ld w e l l ,  and Davenport  ( 1 96 5 ) .  The area sampled 

by the t r ap  l i n e  i s  c a l c u l a t e d  by the formulae  

A = 2 ( 2rL + TTr2 ) (1 )

where L = length o f  t rap  l i n e  (145 m) and r = radius  of  

home range f o r  those species in which r  is less than or  

equal to o n e - h a l f  the d is ta n ce  between the p a r a l l e l  t rap  

l i n e s  (15 m) ( F i g .  7) and

A = 2rL + LD + 2rD + I T r 2 (2 )

where D = d is tance  between the t rap l i n e s  ( 3 0 .5  m) f o r  those 

species in which r  is  g r e a t e r  than D (F i g .  8 ) .  Est imates  

of  home ranges were ob ta ined from the l i t e r a t u r e .  Several  

assumptions must be made when using these fo rmulae .  Home 

range is assumed to be c i r c u l a r  in shape and uni form in  

s i z e  between h a b i t a t s .  The assumption is a lso made t h a t

the th re e -d a y  t r ap p in g  per iods capture a l l  small  mammals

w i t h i n  the area es t imated  by the formulae.

The area censused f o r  d iu rna l  s c i u r i d s  was the same 

( 1 . 4  ha) f o r  a l l  species in each a r ea ,  hence the est imated
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Fig.  7. Area sampled by p a r a l l e l  t r a p  l i n e s  fo r  species  
in which the home range radius ( r )  i s  l ess  than or equal  
to o n e - h a l f  the d is tance between the t r a p  l i n e s  (D) .
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Fig.  8.  Area sampled by p a r a l l e l  t r ap  l i n e s  
in which the home range rad ius  ( r )  is  g r e a t e r  
h a l f  the d is ta n ce  between the t rap  l i n e s  (D ) .

f o r  speci  
than one
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d e n s i ty  was found by d i v i d i n g  the number o f  mammals observed 

by the s ize  of  the sampled area.

D i v e r s i t y

The d i v e r s i t y  o f  mammals in each v e g e t a t io n a l  area  

was determined by c a l c u l a t i n g  the Shannon-Wiener d i v e r s i t y  

index H’ (Shannon and Weaver 1949) according to the formula  

H' = - t  P, ( lo g  P j )
i-*l 1 c

where i s  the p r o p o r t i o n  of  the i t h  species in the t o t a l  

sample and s is the number of  species.

S t a t i s t i c a l  procedures fo l lo w  Steel  and T o r r i e  ( 1 9 6 0 ) .  

Chi -square te s ts  were used to determine d i f f e r e n c e s  in h a b i ­

t a t  s e le c t io n  and sex r a t i o s  f o r  small  mammals. Student  

"t"  t ests  were used to t e s t  d i f f e r e n c e s  in the mean number 

of  observa t ions  on t r a n s e c t  counts.

harries of  p l a n t s  fo l l o w  Gleason (1 9 5 2 ) .  Names o f  mammals 

f o l l o w  Hal l  and Kelson (1 959 ) .
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RESULTS

Q u a n t i t a t i v e  data v/ere ob ta ined  on 10 species o f  mam­

mals from the sand dune communit ies censused. Trapping  

r e s u l t e d  in very few cap tures ;  only 27 small mammals were 

taken in 7152 t r a p - n i g h t s  ( 0 . 3 8  per 100 t r a p - n i g h t s ) .  The 

f i v e  species  censused by t r ap p in g  and the number captured  

were the  i n s e c t iv o r e s  Sorex c inereus  (masked shrew) ,  5 ,  and 

B l a r i n a  brevicauda ( s h o r t - t a i 1ed shrew) ,  10; the c r i c e t i d  

rodents  Peromyscus maniculatus b a i r d i i  ( p r a i r i e  deer mouse),  

10,  and Peromyscus leucopus ( w h i t e - f o o t e d  mouse), 1; and the  

zapodid rodent  Zapus hudsonius (meadow jumping mouse),  1.

A t o t a l  o f  191 observa t ions  of  f i v e  species o f  d i u r na l  

s c i u r i d s  was made during 30 t r a n s e c t  counts.  The observed  

species  and the number o f  ob serva t ions  were the s c i u r i d  

rodents  Tamias s t r i a t u s  ( e a s t e r n  chipmunk),  100,  Spermo-  

p h i 1us t r i d e c e m l i n e a t u s  ( 1 3 - 1 ined ground s q u i r r e l ) ,  36,

Sci  urus c a r o l i  nensi s (gray squi  r r e l ) ,  1 ,  Sci urus ni qer  ( fox  

s q u i r r e l ) ,  22 ,  and Tamiasciurus hudsonicus ( red s q u i r r e l ) ,

31 .

Small Mammals 

Peromyscus maniculatus bai rd i  i

The p r a i r i e  deer mouse, Peromyscus mani cu la tus  bai rd i  i , 

was found in only  two areas on the sand dunes, the p ioneer

21
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dune grass area and the cottonwood a r e a .  The number of  

p r a i r i e  deer  mice found in the two areas was not s i g n i f i ­

c a n t ly  d i f f e r e n t  (X2= 1 . 6 0 ,  P>  0 . 0 5 ) .

The d e n s i t y  index of  the p r a i r i e  deer mouse (number  

of  i n d i v i d u a l s  trapped per 100 t r a p - n i g h t s )  was c a lc u la t e d  

using only  snap- t rap nights s ince a l l  the p r a i r i e  deer  mice 

were captured in snap- t raps .  The d e n s i ty  index fo r  t h i s  

species (Tab le  2) in the p ioneer  dune grass area was 0 .23  

and ranged from 0 .00  to 0 .4 2 .  The th re e  mice found in t h i s  

h a b i t a t  were a l l  taken dur ing separate  t rapping per iods  

and not  u n t i l  a f t e r  a t  l e a s t  one n i g h t  o f  t r ap p in g .  In 

the cottonwood area the d e n s i ty  index was 0 .53  and ranged 

from 0 . 0 0  to 1 .2 5 .

B l a i r  (1940 )  c a lc u la te d  an average home range o f  0 .23  

ha f o r  134 a d u l t  p r a i r i e  deer mice in a b lue-grass a s s o c i a ­

t io n  in southern Michigan.  A cc o r d in g ly ,  a home range radius  

o f  27 m was used in es t im at in g  the de ns i t y  (Go l ley  e t  a l . 

1965) .  The average dens i ty  (Tab le  3)  in the pioneer  dune 

grass area was 0 .47 mice per hecta re  wi th  a high of  0 .62  

per he c ta re  ( t ra p p in g  periods I ,  I I ,  and I V ) .  The c o t t o n ­

wood area supported an average o f  1 .0 9  mice per hecta re  wi th  

a high o f  1 . 8 5  per hectare ( t r a p p i n g  per iods I and I V ) .

Males comprised 70% of  the captured mice but owing to 

the smal l  sample (N= 10) t h i s  p r op or t io n  is not s i g n i f i c a n t l y  

d i f f e r e n t  from an expected 1:1 r a t i o  (X2= 1 . 6 0 ,  P > 0 . 0 5 ) .

The on ly  no n-a du l t  mouse taken was a su b -adu l t  male captured
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Table 2. Species and d e n s i t y  ind i ce s  (numbers per 100 t r a p - n i g h t s )  o f  small  mammals on 
Lake Michigan sand dunes.

Habi t a t

Speci es Pioneer  dune 
grasses

Cottonwood Jack pine Black oak Beech-maple

Peromyscus manicu la tus  
bai rd i  i 

( p r a i r i e  deer  mouse)

0 .23 0 .53 - -

Zapus hudsonius 
fmeaidow jumping mouse)

- 0 .08 - -

Sorex c inereus  
(masked shrew)

- - 0 .13 0 .26

B l a r i n a  brev icauda  
( s h o r t - t a i 1ed shrew)

- - 0 .07 0.79

Peromyscus leuccpus  
( w h i t e - f o o t e d  mouse)

■ - - 0.10

Tota l 0 .23 0. 61 0 .20 1 .15

roco
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Table  3. Species and 
Michigan sand dunes

es t imated  d e n s i t i e s (numbers per h e c t a r e ) o f  smal l  mammals on Lake
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Species P ioneer  dune 
gras ses

Cottonwood Jack pine Black oak Beech-maple

T1C3.
CD

—i
CD■o

Peromyscus manicula tus  
ba i rd i i 

( p r a i r i e  deer  mouse)

0 .47 1 .09 - - -

O
Q .C
&oo

Zapus hudsonius 
(meadow jumping mouse)

- 0 .12 - - -

■O
-5o
g;
l-H

Sorex c inereus  
(masked shrew)

- - - 0. 20 0 .40

CD
Q .

$
l-H

o

B l a r in a  brev icauda  
( s h o r t - t a i 1ed shrew)

- - - 0.1 2 1 .46

c
l-H

■O
CD

3
Peromyscus leuccpus  
( w h i t e - f o o t e d  mouse)

- - - - 0 .30
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Tota l 0 .47 1 .21 - 0. 32 2 .16
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in the pioneer  dune grass area in October .  The average
*v

weight  of  s ix  a d u l t  males was 17 .5  + 0 .58  gm; the average  

weight  of  th re e  a d u l t  females was 22 .2  1.1 gm. Mice in

breeding co n d i t io n  were taken in June (75%) ,  August (100%),  

and October (100%).  Mo mice were taken in J u l y ;  conse­

qu en t l y ,  no record o f  breeding co nd i t i on  could be obta ined .  

One p r a i r i e  deer  mouse, an a d u l t  male taken during August ,  

was in f e c t e d  ( i n g u i n a l  region ) ,  wi th a b o t f l y  ( Cuterebra sp . )

1a r v a .

Zapus hudsonius

One meadow jumping mouse was cap tured .  This animal  

was taken in the cottonwood area in August f o l l o w i n g  the 

14-day p r e b a i t i n g  p e r io d .  The dens i ty  index (Table 2) was 

0 .0 8  mice per 100 snap - t ra p  n i g h t s .  An average home range 

f o r  50 a d u l t  Zapus in  a b lue -g ras s  a s s o c i a t i o n  in southern  

Michigan was c a l c u l a t e d  as 0 .3 6  ha ( B l a i r  1940a ) .  The den­

s i t y  of  t h i s  species was es t imated using a home range radius  

(G o l le y  et  ̂ al_. 1 965)  o f  34 m. The cottonwood area supported  

0*49 Zapus per he c ta re  dur ing August and 0 . 1 2  per hectare  

f o r  the e n t i r e  cottonwood area sampled (T a b l e  3 ) .  The i n d i ­

v idua l  captured was a r e p r o d u c t i v e l y  a c t i v e  female weighing  

16 .6  gm.

Sorex cinereus

Two a r e a s ,  the b lack oak f o r e s t  in October  and the
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beech-maple f o r e s t  in August,  supported masked shrews. This  

species was caught  in both snap- t raps ( t h r e e  i n d i v i d u a l s )  

and p i t - t r a p s  (two i n d i v i d u a l s ) .  For t h i s  reason the d e ns i t y  

index was c a l c u l a t e d  using t r a p - n i g h t s  from both types of  

t r a p s .  The d e n s i t y  index (Table 2) in  the oak f o r e s t  was 

0 .83 Sorex per  100 t r a p - n i g h t s  dur ing October and 0 .13  per  

100 t r a p - n i g h t s  o v e r a l l .  The dens i ty  index in the beech-  

maple f o r e s t  was 0 .6 0  Sorex per 100 t r a p - n i g h t s  during August  

and 0 .26  o v e r a l 1 .

Buckner (1966 )  c a lc u la te d  an average home range f o r  48 

Sorex c inereus  as 0 .55  +_ .04 ha, hence a home range radius  

o f  42 m was used in es t imat ing  the d e n s i t y  o f  th is  species  

(Go l ley  ejt_ aj_. 1 9 6 5 ) .  The oak area supported 0.81 Sorex 

per hectare  in October and 0 .20  per he c ta re  o v e r a l l ;  the  

beech-maple area supported 1.21 Sorex per hectare in August  

and 0 .40  per he c t a re  o v e r a l l  (Table 3 ) .

B1arina brev icauda

The s h o r t - t a i l e d  shrew comprised 37% o f  a l l  captures  

of  small mammals. Ten i n d iv id u a ls  were taken - -  nine in 

the beech-maple f o r e s t  and one in the b lack  oak f o r e s t .

Al l  B la r in a  were taken during the August t rapping per iod .

The number o f  s h o r t - t a i l e d  shrews found in the beech-maple 

area was s i g n i f i c a n t l y  g r e a te r  than both the black oak area  

(X2= 6 . 4 0 ,  P <  0 . 0 5 )  and a l l  o ther  areas (X2= 9 .0 0 ,  P < 0 . 0 1 ) .

Because t h i s  species was captured in  both t rap  types,
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i t s  d e n s i t y  index was c a l c u l a t e d  combining t r a p - n i g h t s  from 

both.  The dens i ty  index in the oak f o r e s t  fo r  the s h o r t ­

t a i l e d  shrew was 0.20 per 100 t r a p - n i g h t s  during the August  

t r a p p in g  per iod  and 0 .07  per 100 t r a p - n i g h t s  dur ing the  

e n t i r e  s tudy .  The d e ns i t y  index in the beech-maple f o r e s t  

was 1.81 per 100 t r a p - n i g h t s  dur ing  the August t r ap p i n g  

per iod  and 0 .7 9  per 100 t r a p - n i g h t s  dur ing the e n t i r e  study  

(Table  2 ) .

Buckner (1966)  c a l c u l a t e d  an average home range f o r  

34 s h o r t - t a i l e d  shrews as 0 .3 9  +_ .04 ha, hence a home range 

radius o f  35m was used in e s t i m a t i n g  de ns i ty .  The d e ns i t y  

in the b lack  oak area dur ing August was 0.49 per hectare  

and dur ing  the e n t i r e  t r ap p i n g  per iod  was 0.12 per hec ta re .  

The d e n s i t y  in the beech-maple area in  August was 4 .3 4  per  

hecta re  and during the e n t i r e  t r ap p i n g  period was 1 .4 6  per  

hecta re  (Table  3 ) .

Males and females were captured in equ?l numbers. A l l  

the s h o r t - t a i l e d  shrews captured were ad u l t s .  The average  

weight  o f  f i v e  ad u l t  males was 15 .7  + 0 .8  gm; the  average  

weight  o f  fo u r  females (one specimen not s u i t a b l e  f o r  a n a l y ­

s i s )  was 14 .8  _+ 1 .2  gm. F ive o f  the nine animals examined 

(56%) were in breeding c o n d i t i o n .

Peromyscus 1eucopus

One w h i t e - f o o t e d  mouse was t rapped in the beech-maple  

f o r e s t  dur ing t rapping per iod  IV .  The densi ty  index was
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0.10  per  100 t r a p - n i g h t s  (Tab le  2 ) .  Burt  (1940)  c a l c u l a t e d  

a home range o f  0 .10 ha f o r  a d u l t  w h i t e - f o o t e d  mice in oak-  

h ickory  woods in southern Michigan.  Hence a home range 

rad ius  o f  23 .5  m was used to es t imate  the dens i ty  (G o l l e y  

e_t aj_. 1 9 6 5 ) .  The beech-maple f o r e s t  supported 0 .86  Pero­

myscus per  hecta re  in October and 0 . 3 0  per hectare  f o r  the 

e n t i r e  census per iods (Table  3 ) .  The captured i n d i v i d u a l  

was an a d u l t  male weighing 2 3 .9  gm and in breeding co nd i t i on  

Three b o t f l y  l a rv ae  were l o c a te d  in the inguinal  region o f  

t h i s  s i n g l e  a n im a l .

Diurnal  S c iu r i d s  

Spermophi1 us t r idecern! i  neatus

A t o t a l  o f  36 observa t ions  of  the 1 3 - l i n e d  ground squi r  

re l  , Spermophi lus t r i d e c e m l i n e a t u s , was made during the four  

census pe r i o d s .  The mean number of  s igh t ing s  per t r a n s e c t  

was 0 .1 7  +_ 0 .17  (one o b s e r v a t i o n )  in the pioneer  dune grass 

area ,  5 .5 0  + 2 .88  (33 ob s e r v a t i o n s )  in  the cottonwood area ,  

and 0 .3 3  + 0.21 (two ob s e r v a t i o n s )  in  the j ack  pine area  

(Tab le  4 ) .  No ground s q u i r r e l s  were detected in e i t h e r  the 

black oak area or the beech-maple a r ea .  The mean number of  

ground s q u i r r e l s  observed in the cottonwood area is s i g n i f i ­

c a n t l y  g r e a t e r  than the mean number o f  observat ions in any 

othe r  area  ( t  >  4 . 0 ,  P < 0 . 0 0 5  w i th  10 d f ) .  I t  should be 

noted t h a t  a l l  the ground s q u i r r e l s  seen in the j ac k  pine
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Table  4.  Species and d e n s i t y  in d ic es  (number o f  ob serva t ions  per t r a n s e c t )  o f  d i u r na l  
s c i u r i d s  on Lake Michigan sand dunes.

Habi t a t

Speci es Pioneer  dune 
grasses

Cottonwood Jack pine Black oak Beech-maple

Spermophi1 us t r id e c e m ­
l i n e a t u s  

( 1 3 - l i n e d  ground s q u i r r e l )

0 .17 5. 50 0 .33 - -

Tamias s t r i a t u s  
( e a s t e r n  chipmunk)

- - 4.  67 5 .67 6.33

Tamiasciurus hudsonicus  
( red squi r r e l )

- - 3 .50 - 1 .67

Sciurus n ig er  
( fo x  squi r r e l )

- - - 2 .17 1 .50

Sciurus c a r o l i n e n s i s  
("gray squi r r e l  )

- - - - 0 .33

Total 0.17 5 .50 8.  50 7 .84 9 .83

ro
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area were observed in openings w i th  vege t a t io n  s i m i l a r  to 

the cottonwood a rea .

A s u b s t a n t ia l  increase in ground s q u i r r e l s  in the c o t ­

tonwood area was noted dur ing the August census. The mean 

number o f  observa t ions per t r a n s e c t  in August (pe r iod  3) 

o f  8 . 0  +_ 1 . 0  was s i g n i f i c a n t l y  g r e a t e r  than the mean in 

Ju ly  (p er iod  2) o f  3 .5  + 0 .5  ( t =  4 . 0 2 ,  P < 0 . 0 5  wi th  2 d f ) .  

Each of  these census per iods had two t r a n s e c t  counts,  hence 

were considered more r e l i a b l e  to compare than those census 

per iods w i th  only  one t r a n s e c t  count (per iods 1 and 4 ) .

The average popu lat ion  (Table  5) was 0.1 Spermophi1 us 

per hecta re  in the p ioneer  dune grass a r ea ,  4 . 0  per hectare  

in the cottonwood a r e a ,  and 0 .2  per hectare  in the j ack  

pine a rea .  The po pu la t ion  in the cottonwood area increased  

from approx imate ly  2 .2  per he c ta re  in June and July to 5.9  

per hecta re  in August and October .

Most ground s q u i r r e l s  remained v i s i b l e  dur ing the t r a n ­

sect  counts and did not e n te r  a burrow unless the observer  

approached them. Only ad u l ts  and poss ib ly  subadul ts were 

observed dur ing t r a n s e c t  counts even dur ing per iods when 

j u v e n i l e s  were known to be ou t  o f  the nest  because they  

were being taken in t r ap s .

Twenty-one Spermophi1 us were captured by snap- t raps .  

These captures were considered i n c i d e n t a l  since the mouse­

sized snap- t raps  were not designed to capture  animals of
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Table 5. Species and es t imated  d e n s i t i e s  (numbers per h e c t a r e )  o f  d i u r n a l  s c i u r i d s  on 
Lake Michigan sand dunes.

Habi t a t

Speci es Pioneer  dune 
gras ses

Cottonwood Jack pine Black oak Beech-maple

Spermophi lus t r id e ce m -  
1 i neatus  

( 1 3 - 1 ined ground s q u i r r e l )

0.1 4 . 0 0 .2 - -

Tamias s t r i a t u s  
( ea s te rn  chipmunk)

- - 3.4 4 .2 4 .7

Tamiasciurus hudsonicus  
( red squi r r e l  )

- - 2 .5 - 1 . 2

Sciurus n i g e r  
( fox  squi r r e l  )

- - - 1 . 5 1 .0

Sciurus c a r o l i n e n s i s  
(gray squi r r e l )

- - - - 0 .2

Tota l 0.1 4 . 0 6.1 5.7 7.1

CO
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t h i s  s i z e  (average a d u l t  weight  o f  125.5  gm). These s p e c i ­

mens d i d ,  however,  provide some p e r t i n e n t  in fo r ma t ion .  Four 

of  the f i v e  i n d i v i d u a l s  t rapped in e i t h e r  the pioneer  dune 

grass or j ac k  pine areas were subadul ts  and were captured  

dur ing the l a s t  two t rapping pe r io ds .  Two p a r t i a l  " f am i ly  

groups" were captured in the cottonwood area during 10-12  

Ju ly  1975.  One l a c t a t i n g  female and f i v e  young were trapped  

w i t h i n  23 m o f  one another ;  another  l a c t a t i n g  female and 

th re e  young were taken w i t h in  38 m o f  one another .

Tamias s t r i a t u s

The eas te rn  chipmunk was observed more of ten than any 

o t h er  mammal. A t o t a l  of  100 observa t ions  was made in th ree  

study a rea s .  This species occurred in su bs t an t ia l  numbers 

in each o f  the areas ( j ack  p i n e ,  b lack  oak,  and beech-maple  

ar ea s )  in which i t  was found.  The mean number of  s i g h t in gs  

per t r a n s e c t  was 4 .67  + 0 .56  (28 ob se rv a t io ns )  in the j ack  

pine a r e a ,  5 .67  + 0 .56  (34 o b s e r v a t i o n s )  in the black oak 

a r e a ,  and 6 .3 3  +_ 0 .49  (38 o b s e r v a t io n s )  in the beech-maple  

area (Tab l e  4 ) .  The only areas w i th  s i g n i f i c a n t l y  d i f f e r e n t  

means were the j ack  pine area and the beech-maple area ( t =  2 . 2 4 ,  

PC 0 .0 5  w i th  10 d f ) .

An inc rease  in the number o f  chipmunks per t r a n s e c t  

was recorded in a l l  th ree  o f  the h a b i t a t s  from June to October .  

However,  none of  these inc reases  was s t a t i s t i c a l l y  s i g n i f i ­

can t .
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The es t imated  d e n s i ty  (Table 5) was 3 . 4  Tamias per  

hectare in the j a c k  pine a r ea ,  4 .2  per he c t a re  in the black  

oak a rea ,  and 4 . 7  per hec ta re  in the beech-maple area .

The eas te rn  chipmunk was the e a s i e s t  mammal to census.  

Most chipmunks (83%) were vo ca l ,  r e v e a l i n g  t h e i r  presence  

to the observer  r e a d i l y .  Few chipmunks (13%) entered and 

remained in t h e i r  burrows during the t ime t h a t  the burrows 

were v i s i b l e  dur ing  the t r a n s e c t  count .

Seven Tamias were captured by s n a p - t r a p s .  As wi th  

the ground s q u i r r e l s ,  these captures were considered i n c i ­

dental  s ince the sn ap- t raps  are not designed to capture  

animals o f  t h i s  s i z e  (average a d u l t  weight  o f  8 5 .4  gm).

The trapped animals did not  show the same r e l a t i v e  abun­

dance as the animals counted on the t r a n s e c t s .  Five o f  

the seven animals were t rapped in the j a c k  pine area;  two 

animals were t rapped in the black oak a r ea ;  no animals were 

t rapped in the beech-maple area .  The s i x  a d u l t s  were males 

and were a l l  in breeding co nd i t i on  between June and August.  

The only n o n -a d u l t  was a subadul t  female weighing 41 .7  gm 

taken on 6 October .

Tamiasciurus hudsonicus

The red s q u i r r e l  was observed 31 t imes in two h a b i ­

t a t s ,  the j a c k  pine  area and the beech-maple a r e a .  The 

mean number o f  s ig h t i n g s  per t r an se c t  was 3 .5 0  + 0 .43  (21 

observa t ions )  in  the j a c k  pine area and 1 .67  0 .42  (10
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o b se r va t io ns )  in the beech-maple area (Table  4 ) .  The mean 

number o f  red s q u i r r e l s  observed in the j a c k  pine area is  

s i g n i f i c a n t l y  g r e a t e r  than the mean number o f  red s q u i r r e l s  

observed in the beech-maple area ( t =  3 . 0 5 ,  P < 0 . 0 1  wi th  

10 d f ) .  The approximate dens i t y  o f  t h i s  species on the  

sand dunes is 2 . 5  per  hectare in the j ack pine area and 

1 .2  per he c ta re  in the beech-maple area (Table  5 ) .

Sciurus n i ger

Twenty-two observa t ions  of  the fox s q u i r r e l  were made 

in two of  the study a r ea s ,  the b lack  oak area (2 .17  + 0.31  

observa t ions  per t r a n s e c t )  and the beech-maple area ( 1 . 5 0  + 

0.22  ob ser va t io ns  per t r a n s e c t )  (Tab le  4 ) .  The means are  

not s i g n i f i c a n t l y  d i f f e r e n t .  The es t imated dens i ty  is 1 .5  

fox s q u i r r e l s  per hecta re  in the b lack oak area and 1 .0  per  

hectare  in the beech-maple area (Table  5 ) .

Sciurus c a r o l i n e n s i s

The gray s q u i r r e l  was observed twice  in  one h a b i t a t ,  

the beech-maple a r e a .  The mean number of  s igh t ings  per  

t r a n s e c t  was 0 .33  + 0 . 2 1  (Table  4) and the est imated den­

s i t y  was 0 .2  gray s q u i r r e l s  per hec ta re  in the beech-maple  

f o r e s t  (Table  5 ) .

Observat ions and Signs o f  Large Mammals

Mo animal  t ra c ks  were observed in the three  sand areas
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marked and c lea red  f o r  sampl ing in each study area .  However,  

signs and observa t ions  o f  mammals throughout  the sera i  stages  

did reveal  ex tens ive  use of  the sand dune communities by 

e i g h t  species of  l a r ge  mammals (Tab le  6 ) .  Eastern c o t t o n ­

t a i l s  ( S y lv i l a g u s  f l o r i d a n u s ) were probably the most common 

of  these l a r g e  mammals. Rabbi ts  were u s u a l l y  found feeding  

in the cottonwood area and ta k in g  refuge in the j ac k  pine  

area .  Signs o f  red fox ( Vulpes v u l p e s ) were common through­

out  the e n t i r e  sand dune a r ea .  Dens of  t h i s  mammal were 

l ocated in a p ioneer  dune grass area and in the black oak 

area .  W h i t e t a i l  deer ( Odocoi leus v i r g i n i a n u s ) used the  

j ac k  pine area e x t e n s i v e l y ,  but were also found throughout  

most o f  the sand dune ecosystem. The remaining species  

were l ess common but did occur r e g u l a r l y .

Species D i v e r s i t y

The Shannon-Wiener d i v e r s i t y  index H' o f  small mammals 

in the se ra i  stages on the sand dunes was c a l c u l a t e d  using 

the o v e r a l l  de ns i t y  index (ca p t ur es  per 100 t r a p - n i g h t s )  

f o r  each spec ies .  The o v e r a l l  d e n s i ty  index was used be­

cause i t  takes in to  account both the t rap  types which can 

capture each species and the e n t i r e  successional  community 

sampled throughout  the y e a r .  The sand dune communities 

show a general  increase in the d i v e r s i t y  o f  small  mammals 

as succession occurs (Table 7 ) .  The p ioneer  dune grass  

area supports only one species o f  small  mammal, hence H'= 0.
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Table 6. Signs and/or  ob serva t ions  of  l a r g e  mammals in the successional  stages on Lake 
Michigan sand dunes, ( presence denoted by x ) .

Ha b i ta t

Species Beach Pioneer  dune 
grasses

Cottonwood Jack pine Black oak Beech-  
mapl e

Vulpes vulpes  
( red fox )

X X X X X -

Mephi t i s  meph i t is  
( s t r i p e d  skunk)

X - X X - -

Procyon l o t o r  
( r ac co o n)

X - - - X -

Odocoi leus v i r g i n i a n u s  
( w h i t e t a i l  deer )

- X X X X X

Marmota monax 
(woodchuc k )

- X X - - X

S.ylv i laqus f l o r i d a n u s  
( e as te rn  c o t t o n t a i l )

- - X X - -

Didel  phis marsupial  is  
(opossum)

- - X X - X

Ondatra z i b e t h i c a  
(mus k r a t )

- "7 X
(ponds)

” — “
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Table  7. Species d i v e r s i t y  index H' o f  mammals in the successional  stages on Lake Michigan  
sand dunes. D i v e r s i t y  in d ices  f o r  small  mammals (column 2) and f o r  d iu r na l  s c i u r i d s  
(column 3) are c a l c u l a t e d  using the d e n s i t y  in d i ce s  f o r  each species in each h a b i t a t .  
D i v e r s i t y  in d ic es  f o r  a l l  mammals sampled (column 4)  are c a l c u l a t e d  using es t imated den­
s i t i e s .

Habi t a t

Species D i v e r s i t y  Index H'

Small Mammals D iurna l  S c i u r i d s A l l  Mammals

Pioneer  Dune Grasses 0 .00 0.00 • 0 .52

Cottonwood 0 .39 0 .00 0.61

Jack Pine - 0 .82 0.82

Black Oak 0.65 0. 59 0 .79

Beech-maple 0 .82 0. 98 1 .49

CO
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The d i v e r s i t y  index o f  the j a c k  pine area is a lso 0 ,  but  

t h i s  is due to the f a c t  t h a t  no small  mammals a t  a l l  were 

taken in t h i s  a rea .  Although the cottonwood area supports 

more animals than the oak a r ea ,  the d i v e r s i t y  index of  the 

cottonwood area (H'= 0 . 3 9 )  is  less than th a t  of  the oak 

area (H'=  0 . 6 5 ) .  The beech-maple area has the highest  small  

mammal d i v e r s i t y  index (H '=  0 . 8 2 )  o f  the sand dune communi­

t i e s .

The t o t a l  number o f  observa t ions o f  each species in 

each study area was used to c a l c u l a t e  the d i v e r s i t y  index  

of  the d i u r n a l  s c i u r i d s  in the sand dune communit ies.  As 

with the small  mammals, the d i v e r s i t y  index of  the d iurna l  

s c i u r i d s  increases  as succession occurs (Table 7 ) .  The 

1 3 - l i n e d  ground s q u i r r e l  is  the only d iu rna l  s c i u r i d  which 

i n h a b i t s  the f i r s t  two successional  a r eas ,  and th e r e fo re  

H'= 0 in both these a r eas .  The j a c k  pine area has the second 

highest  d i v e r s i t y  index (H '=  0 .8 2 )  as regards d iurna l  s c i ­

u r i d s ,  the oppos i te  s i t u a t i o n  from the d i v e r s i t y  index of  

the small  mammals. Aga in ,  the beech-maple area has the 

highest  species d i v e r s i t y  index (H '=  0 . 9 8 ) .

The on ly  way to combine both the small  mammals and 

the d i u r na l  s c i u r i d s  in each serai  stage is to use the e s ­

t imated d e n s i t i e s  o f  each species in  each area .  The sera i  

stages show an o v e r a l l  i nc rease  in mammalian d i v e r s i t y  as 

succession occurs (Table 7 ) .  The only  except ion to th is  

t rend is the black oak area where the d i v e r s i t y  index (H'=
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0 . 7 9 )  i s  s l i g h t l y  less than the d i v e r s i t y  index of  the jack  

pine area (H'=  0 . 8 2 ) .  The d i v e r s i t y  index o f  the beech-  

maple area ( H1 = 1 .4 9 )  is  much g r e a t e r  than the d i v e r s i t y  

index o f  any o t h e r  area .

Prebai  t i  ng

The t h re e -d a y  t rapp ing  per iod f o l l o w i n g  the 14-day  

p r e b a i t i n g  per iod  ( t ra p p i n g  per iod  I I I )  produced some no te ­

worthy r e s u l t s .  F i r s t ,  two species were taken only during  

t h i s  t r ap p in g  p e r i o d .  Second, on ly  dur ing  t h i s  per iod were 

any mammals taken in p i t - t r a p s .  T h i r d ,  the number o f  mammals 

taken in the beech-maple area was s i g n i f i c a n t l y  g r ea te r  

during t r ap p in g  per iod I I I  than dur ing any o ther  t ime.

B1ar ina brev icauda and Zapus hudsonius were taken only  

during t r ap p i n g  per iod I I I .  B l a r i n a  was one of  the two 

most abundant smal l  mammals in t h i s  s tudy .  The 10 i n d i v i d ­

uals o f  t h i s  species represented 37% o f  the t o t a l  number 

of  small  mammals captured ,  y e t  a l l  the s h o r t - t a i l e d  shrews 

were captured dur ing only the one t r ap p i n g  per iod .

The p i t - t r a p s ,  a f t e r  being in  p lace  f o r  10 days in the  

black oak a r e a ,  captured one s h o r t - t a i l e d  shrew and, a f t e r  

being in p lace  f o r  16 days in the beech-map1e area ,  captured  

two masked shrews.  The s h o r t - t a i l e d  shrew captured in the 

p i t - t r a p  was the only one captured in an area other  than 

the beech-maple a rea .  At the t ime the s h o r t - t a i l e d  shrew 

was captured in the black oak a r e a ,  no shrews were captured
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in sna p- t r aps .  However,  when s h o r t - t a i l e d  shrews were taken  

in the beech-maple a r e a ,  they were a l l  taken in sn ap - t r ap s .  

The capture r a t e  (number of  captures per u n i t  e f f o r t ,  in  

th is  case one u n i t  e f f o r t  being 100 t r a p - n i g h t s )  o f  the  

p i t - t r a p s  in the b lack  oak area during August was 0 .38  f o r  

B1ari  na wh i le  the cap ture  r a t e  f o r  B1ari  na of  the snap- t raps  

was 0 . 0  a t  the same place and t ime.  The capture r a t e  o f  

the p i t - t r a p s  in the beech-maple area dur ing August was 0 .0  

fo r  B l a r ina  w h i l e  the capture  r a t e  o f  the snap- t raps  was 

1 . 25 .

The two masked shrews caught in the p i t - t r a p s  r e p r e ­

sented 40% of  the t o t a l  captures of  th is  species:  the r e ­

maining numbers were caught in s n ap - t r ap s ,  one in the beech-  

maple area f o l l o w i n g  p r e b a i t i n g  and two in the oak area  

with no p r e b a i t i n g .  The capture r a t e  o f  the masked shrews 

was higher  w i t h  p i t - t r a p s  than wi th snap- t raps  in the one 

s i t u a t i o n  where masked shrews were caught and both types  

of  t raps were p r e s e n t .  During t rapping per iod I I I  in the  

beech-maple a r e a ,  the p i t - t r a p s  had a capture  r a t e  o f  1 .47  

whi le  the s n ap - t r ap s  had a capture  r a t e  o f  0 . 2 8 .  No p i t -  

t raps were used in the f i n a l  sampling per iod (Oc tober )  in 

the oak area when two masked shrews were taken in snap-  

t r a p s ,  hence no comparison can be made f o r  t h a t  t r ap p in g  

per i od .

The nine B1ar i  na and th ree  Sorex taken in the beech-  

maple area f o l l o w i n g  the p r e b a i t i n g  period r ep r es en t  92%
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of  the t o t a l  number o f  smal l  mammals captured in th is  area .

One w h i t e - fo o te d  mouse was the only small  mammal taken

during any other  t r ap p in g  p e r i o d .  The number o f  shrews

taken a f t e r  p r e b a i t i n g  i s  s i g n i f i c a n t l y  g r e a t e r  than the

t o t a l  number of  small  mammals captured in the beech-maple
2area dur ing t rapp ing  per iods  w i th ou t  p r e b a i t i n g  (X = 9 . 3 0 ,  

P <  0.  01 ) .

An o v e r a l l  comparison o f  the d i f f e r e n t  types of  t r a p ­

ping in a l l  f i v e  h a b i t a t s  on the sand dunes is shown in 

Table 8.
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Table 8.  Numbers (per  100 t r a p - n i g h t s )  o f  small  mammals snap- t rapped on Lake Michigan  
sand dunes dur ing d i f f e r e n t  type t r ap p i n g  per io ds .

Habi t a t

Type o f  t r ap p in g  
per iod

Pioneer  dune 
grasses

Cottonwood Jack pine Black oak Beech-maple

No p r e b a i t i n g 0.21 0. 63 - 0.21 0.17

Extens ive  p r e b a i t i n g  
(14 days)

0. 28 0. 56 - “ 2.78

-p»
rv>



DISCUSSION

This study o f  mammals in the sera i  stages on Lake 

Michigan sand dunes shows a d i s t i n c t  succession o f  mammals 

(Table  9 ) .  The types o f  mammals change through t ime ( t i me  

as evidenced by vege t a t io n  ty pe s )  and species d i v e r s i t y  

i nc re as e s .

R e la t i o n s h ip  to Successional  Studies

This mammalian succession complements previous fauna l  

s tud ies  on the sand dunes. S he l f o r d  (1913)  descr ibed the  

p a t t e r n  o f  change of  i n v e r t e b r a t e s  in the h a b i t a t  g r a d i e n t  

from open beach to cl imax f o r e s t .  Each serai  stage had a 

more or  l ess  c h a r a c t e r i s t i c  i n v e r t e b r a t e  community and the  

sere had an o v e r a l l  i ncrease in species numbers. S t rohecker  

(1937 )  found an ecolog ica l  succession o f  Or thoptera  which 

corresponded in general  to the v e g e t a t i o n a l  succession.  

St r ohe cke r  found two major assemblages of  o r t h o p t e r a n s  on 

the sand dune sere .  The f i r s t  assemblage corresponded to  

the fo redune ,  p o p la r ,  and p ine  communit ies and the second 

assemblage corresponded to the b lack  oak and cl imax com­

m u n i t i e s .  T a l b o t  (1934)  d iscovered  a s i m i l a r  r e l a t i o n s h i p  

between ants  and the sand dune communit ies.  She found t h a t  

the  number o f  species of  ants increased correspond ing ly  

w i t h  the  p l a n t  succession on the Lake Michigan sand dunes.  

The an t  species  were a lso grouped in to  two major  assemblages

43
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Table  9. Successional  stages on Lake Michigan sand dunes and the mammals found in each 
sera i  s tage .  Numbers in parentheses are i n d i v i d u a l s  per h e c t a re .

Habi t a t

P i o n e e r  dune 
gras ses

Cottonwood Jack pine Black oak Beech-maple

P r a i r i e  deer  
mouse ( 0 . 4 7 )

1 3 - 1 ined ground 
s q u i r r e l  ( 4 . 0 )

Eastern chipmunk 
( 3 . 4 )

Eastern chipmunk 
( 4 . 2 )

Eastern chipmunl  
( 4 . 7 )

1 3 - 1 ined ground 
squi r r e l  ( 0 . 1 )

P r a i r i e  deer  
mouse ( 1 . 0 9 )

Red s q u i r r e l  
( 2 . 5 )

Fox s q u i r r e l  
( 1 . 5 )

S h o r t - t a  i 1ed 
shrew ( 1 . 4 6 )

Meadow jumping  
mouse ( 0 . 1 2 )

1 3 - 1 i ned ground 
s q u i r r e l  ( 0 . 2 )

Masked shrew 
( 0 . 2 0 )

S h o r t - t a i 1ed 
s hrew ( 0 . 1 2 )

Red s q u i r r e l  
( 1 . 2 )

Fox s q u i r r e l  
( 1 . 0 )

Masked shrew 
( 0 . 4 0 )

W hi t e - f o o te d  
mouse ( 0 . 3 0 )

Gray s q u i r r e l  
( 0 . 2 )

-p*
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those t h a t  t o l e r a t e  and are most abundant in sandy areas  

where v e g e t a t i o n  is s c a t t e r e d  and those th a t  are l i m i t e d  

by sand and r e q u i r e  humus. Lowrie (1948)  found "an eco­

l o g i c a l  succession of  sp iders  which corresponds to the p l a n t  

succession w i th  very few except ions"  (1948:  334) .  Beet les  

e x h i b i t  an o v e r a l l  inc rease in species numbers from the  

cottonwood stage to the f o r e s t  stages (Park 1930) .  The 

number o f  species of  bees in each p l a n t  stage increases to 

the b lack oak f o r e s t  and then d e c l i n e s  in the beech-maple  

f o r e s t  (Pearson 1933) .  Van Orman (1976)  found t h a t  both 

the number o f  species o f  b i rds  and the t o t a l  number o f  i n ­

d i v i d u a l s  w i t h i n  e a c h . p l a n t  community increases from the 

pioneer  to the cl imax s tages .  As in previous s t u d i e s ,  the re  

appear to be two major assemblages of  bi rds on the sand 

dunes. One assemblage c o ns is ts  o f  the bi rds which i n h a b i t  

the marram grass-cot tonwood and jac k  pine areas.  The second 

major assemblage cons is ts  o f  the b i rds  i n h a b i t in g  the black  

oak and beech-maple f o r e s t s .  As s ta te d  p r e v io u s ly ,  the  

r e s u l t s  o f  t h i s  study o f  mammals b a s i c a l l y  agree w i th  the  

r e s u l t s  o f  the o ther  fauna!  s t u d i e s  conducted on the sand 

dunes: the succession o f  fauna corresponds wi th the suc­

cession o f  f l o r a  found on the dunes.

Most o f  the faunal  groups discussed above demonstrated  

the g r e a t e s t  tu rnover  o f  species between the j ack  pine and 

black oak a r eas .  For the i n v e r t e b r a t e s  studied t h i s  change 

is most l i k e l y  due to the development o f  a f o r e s t  canopy
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and humus (Kendeigh 1961) .  Van Orman (1976)  a t t r i b u t e d  

the s i g n i f i c a n t  tu rnover  o f  species between the j a c k  pine  

and b lack  oak areas to the change from a heterogeneous h a b i ­

t a t  o f  pines and open areas to a more homogeneous deciduous 

habi t a t .

Mammals do not e x h i b i t  such a d i s t i n c t i v e  tu rnover  

between these serai  stages.  I n s te a d ,  the g r e a t e s t  turnover  

seems to be between the cottonwood area and the j a c k  pine 

area .  One group of  mammals in hab i te d  the p ioneer  dune grass 

and cottonwood areas ( p r a i r i e  deer mouse, meadow jumping 

mouse, 1 3 - l i n e d  ground s q u i r r e l )  and another  group in hab i ted  

the f o r e s t  areas ( s h o r t - t a i l e d  shrew, masked shrew, w h i t e ­

footed mouse, easte rn chipmunk, red s q u i r r e l ,  fox s q u i r r e l ,  

gray s q u i r r e l ) .  The 1 3 - l i n e d  ground s q u i r r e l  is the only  

mammal found in both sets o f  a reas ,  but i t  is on ly  found 

o c c a s i o n a l l y  in the j ack  pine area and not a t  a l l  in the 

other  f o r e s t  areas.  The co n i f e rs  provide s u i t a b l e  h a b i t a t  

fo r  two new spec ies ,  the eastern chipmunk and the red s q u i r ­

r e l .  The red s q u i r r e l  is a c h a r a c t e r i s t i c  coni fe rous  species  

and d isappears  as the pines are rep laced by b lack  oaks,  but  

i t  is found again in the beech-maple (and hemlock) stage.

The ea s te rn  chipmunk is found in a l l  the f o r e s t e d  areas be­

g inning w i th  the j ack  pine.  The f o r e s t  s t r u c t u r e  f i r s t  seen 

in the j a c k  pine stage appears to be a more s i g n i f i c a n t  f a c ­

to r  f o r  mammalian species than fo r  the o the r  f aunal  groups.

The l o c a t i o n  of  the j ack  pine area s tudied (surrounded
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by p ioneer  dune grass and cottonwood areas)  taken wi th  the  

v i r t u a l  absence of  the open country mammals f u r t h e r  suggests  

th a t  the j ack  pines do not provide acceptable  h a b i t a t  f o r  

the mammals found in the e a r l i e r  stages.  The absence of  

other  f o r e s t  species may be because the i s o l a t i o n  of  t h i s  

s p e c i f i c  j a c k  pine area from other  black oak and beech-maple  

areas does not a l l o w  immigrat ion from the o ther  fo re s t e d  

areas.  However, j a c k  pine areas in th is  sect ion  o f  Michigan  

may not be s u i t a b l e  h a b i t a t  f o r  small  mammals common in 

fo re s t s  in t h i s  a r e a ,  e s p e c i a l l y  when popu la t ions  of  such 

mammals are very low.

The successional  stages on the sand dunes each support  

c h a r a c t e r i s t i c  communit ies of  mammals. D i s t i n c t i v e  mammalian 

communities in se ra i  stages have been found in o t he r  suc­

cessional  s tud ies  o f  mammals. G o l l e y ,  Gentry,  C a ld w e l l ,  

and Davenport (1965 )  in v e s t i g a t e d  the r e l a t i o n s h i p  between 

small  mammals and community development from abandoned f i e l d s  

to c l imax hardwood f o r e s t s  on the A t l a n t i c  coasta l  p l a i n .

They found r e l a t i v e l y  l i t t l e  over lap o f  small  mammal species  

in the separate  success iona l  stages.  They a lso eva lua ted  

the food habi ts  o f  the small  mammals in r e l a t i o n  to the  

community development .  The observed r e l a t i o n s h i p  r e f l e c t e d  

the correspondence between vege ta t ion  and replacement  of  

mammals. Beckwith (1 954 )  studied ec o log ica l  succession  

on abandoned farm lands in southern Michigan.  He s ta ted  

th a t  " v a r i a t i o n s  in mammal populat ions are c l o s e l y
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ass oc ia t ed  w i th  changes in p l a n t  communit ies" (1954:  374)  

due to the mammals' dependence on p l an ts  f o r  t h e i r  food 

and s h e l t e r .  Beckwi th 's  f i n d i n gs  show t h a t  the successional  

stages suppor t  d i f f e r e n t  types of mammals: p r a i r i e  deer

mice use the i n i t i a l  stages o f  success ion,  meadow voles  

are most common dur ing the middle s tage s ,  and s h o r t - t a i l e d  

shrews and w h i t e - f o o t e d  mice are common dur ing l a t e r  s tages.  

Pearson (1 959 )  concluded from his study o f  small  mammals 

and old f i e l d  succession in New Jersey t h a t  vege ta t ion  was 

the most im por tan t  f a c t o r  in de termin ing the d i s t r i b u t i o n  

and d e n s i t y  o f  small  mammals. He found t h a t  changes in the  

types and amount o f  v e g e t a t i v e  cover can ex p la in  the oc cu r ­

rence and r e l a t i v e  abundance o f  small  mammals in the var ious  

sera i  s t ages .  Wetzel  (1958)  i n v e s t i g a t e d  mammalian succes­

sion on s t r i p p e d  land along r i v e r  bottoms in I l l i n o i s .  Pero- 

m.yscus man icula tus  b a i r d i i  was the i n i t i a l  mammal in t h i s  

sere w i t h  popu la t ion s  of  Peromyscus 1eucopus developing in 

l a t e r  s e ra i  stages c o r r e l a t e d  wi th  f o r e s t  development.  Mam­

mal po pu la t io ns  in port ions o f  a hydrosere (sedge mat to 

whi te  cedar  to upland map!e-basswood) in  Minnesota were 

s tudied  by Gunderson (1 949 ) .  He found t h a t  the serai  stages  

had d i s t i n c t i v e  mammalian communit ies.  As evidenced in 

these s t u d i e s ,  communities o f  mammals are c o r r e l a t e d  w i th  

v e g e t a t io n  types .

Successional  s tudies  of  mammals have a lso  provided  

data on the number o f  species and abundance through the
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sera i  s tages.  Smith (1940)  found t h a t  the number o f  species  

of  mammals increased in a succession from abandoned eroded 

farmland to the cl imax p r a i r i e .  The subcl imax stage con­

ta in ed  the l a r g e s t  po pu la t ion  of  rodents .  G o l le y ,  Gentry,  

C a l d w e l l ,  and Davenport  (1965)  found t h a t  the populat ions  

of  smal l  mammals increased p r o g r e s s i v e ly  through the i n i t i a l  

sera i  s t age s ,  de c l ined  to the  lowest  l e v e l  in the four th  

s t age ,  then increased s l i g h t l y  in the f i n a l  stage.  The suc­

cess iona l  t rend in biomass was s i m i l a r  to th a t  observed f o r  

po pu la t io n  l e v e l s .  The number o f  species tended to decrease  

through the sere .  A study of  mammals of  upland secondary 

succession in southern New England ( H i r t h  1959) showed t h a t  

the most common small  mammals ( w h i t e - f o o t e d  mice and s h o r t ­

t a i l e d  shrews) were most abundant in the midseral  stage.

In old f i e l d  succession in New Jersey (Pearson 1959) the 

number o f  mammal species decreased through the sere .  The 

r e l a t i v e  abundance o f  the t o t a l  small  mammal fauna fo l lowed  

the same p a t t e r n  as noted by Go l le y ,  Gentry ,  C a l d w e l l ,  and 

Davenport  ( 1 9 6 5 ) .  Pearson reasoned t h a t  t h i s  d i s t r i b u t i o n  

( i n c r e a s e ,  decrease,  in c r e a s e )  was "a r e f l e c t i o n  o f  the 

change from a wel l  developed grassland stage . . .  to a de­

ve lop ing  f o r e s t  aspect  a f t e r w ar ds "  (1959:  255 ) .  A ld r ic h  

(1943)  found t h a t  both the number o f  species and t o t a l  abun­

dance o f  mammals in a swamp sere in no r t hea s te rn  Ohio i n ­

creased from a sedge meadow ( Juncus- Sci rpus assoc ies )  to a 

swamp shrub stage ( Cephalanthus- Alnus assoc ies )  and then 

decreased in the swamp f o r e s t  (Acer-Ulmus-Fraxinus as so c ie s ) .
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These s tudies  g e n e r a l l y  c o n f l i c t  wi th the r e s u l t s  o f  the 

sand dune study in  which both species numbers and t o t a l  

abundance increased through the e n t i r e  sand dune sere .

A poss ib le  reason f o r  th is  c o n f l i c t  is the d i f f e r e n c e  

in the t rend in d i v e r s i t y  between pr imary and secondary  

successions.  Changes in ve ge ta t ion  d i v e r s i t y  dur ing suc­

cession have been i n v e s t i g a t e d .  Two d i f f e r e n t  t rends can 

be seen in the r e s u l t s  o f  these s tud i es .  One p a t t e r n  has 

been an increase in  d i v e r s i t y  during succession as repor ted  

by G o l le y ,  P e t r i d e s , ’ and McCormick (1 9 6 5 ) ,  Hol l and ( 1 9 7 1 ) ,  

Margalef  ( 1 9 5 8 ) ,  and Re in ers ,  Worley,  and Lawrence (1 97 1 ) .

The second p a t t e r n  has been an i n i t i a l  increase in d i v e r s i t y  

fo l lowed by a decrease dur ing the l a t e r  stages o f  succession 

as reported  by W h i t t a k e r  ( 1953 ,  1956,  19 60 ) ,  M a rg a le f  ( 1 96 3 ) ,  

AuCla i r  and Goff  ( 1 9 7 1 ) ,  and Shaf i  and Yarranton (1 9 7 3 ) .  

Th eo re t i ca l  reasons f o r  the second pa t te rn  have been suggest­

ed (M arg a le f  1958,  Loucks 1970) .  Morrison and Yar ranton  

(1973)  found an in c re as e  in vegeta t ion  d i v e r s i t y  dur ing a 

primary sand dune succession.  They concluded t h a t  d i v e r s i t y  

apparen t ly  decreases dur ing the r e l a t i v e l y  l a t e r  p a r t  of  

secondary successions but not during pr imary successions.

This f i n d i n g  was based on t h e i r  study and a rev iew o f  the 

l i t e r a t u r e .  Shaf i  and Yarranton (1973)  suggested t h a t  the 

d i f f e r e n c e  in the p a t t e r n  of  d i v e r s i t y  change between p r i ­

mary and secondary successions is a t t r i b u t a b l e  to the i n ­

f luence of envi ronmenta l  he te r ogene i ty  on d i v e r s i t y .  The
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i n i t i a l  environment f o r  most pr imary successions,  e s p e c i a l l y  

sand dune successions,  is more uni form than the i n i t i a l  

environment  f o r  secondary successions.  In secondary suc­

cessions p r e e x i s t i n g  envi ronmenta l  he te rogene i ty  can l ead  

to a marked he te r og ene i ty  in  v e ge t a t io n  during the e a r l y  

stages o f  the sere (Shaf i  and Yarranton 1973) .

The faunal  studies of  the sand dune succession have 

i n d i c a t e d  an o v e r a l l  i nc rease  in species numbers, a general  

i n d i c a t o r  o f  species d i v e r s i t y .  The d i v e r s i t y  of  mammals 

in t h i s  pr imary succession shows a cont inual  in c re a s e .  This  

is demonstrated using e i t h e r  the black  oak f o r e s t  as the  

cl imax stage w i th  the beech-maple f o r e s t  as a v a r i a t i o n  

(Olson 1958) or the beech-maple f o r e s t  as the f i n a l  stage.

The successional  s t ud ie s  o f  mammals discussed p r e v i ­

ously have been conducted in secondary successions.  A l ­

though a species d i v e r s i t y  index was not c a l c u l a t e d  in any 

of these s t u d i e s ,  an examinat ion o f  the r e s u l t s  ( spec ies  

numbers combined wi th abundance) in d ic a te s  t h a t  species  

d i v e r s i t y  does not appear to c o n t i n u a l l y  increase as in  

the sand dune sere .  As w i th  the  vege t a t io n  s tu d i es  noted 

p r e v i o u s l y ,  most mammalian successions on secondary seres  

e x h i b i t  an i r r e g u l a r  t rend in d i v e r s i t y  whereas t h i s  mam­

mal ian succession on a pr imary sere e x h ib i t s  a co n t in ua l  

i nc rease  in  d i v e r s i t y .  Perhaps the reason f o r  t h i s  d i f ­

f e rence  can be a t t r i b u t e d  to a dependence of  mammals on 

v e g e t a t i o n  d i v e r s i t y .  I f  v e g e t a t i o n  d i v e r s i t y  i s  a pr imary
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f a c t o r  in determining mammalian d i v e r s i t y ,  the expected  

t rends would be those observed in the studies of  mammalian 

su cce ss ion .

Small Mammal Populat ions

The very low number o f  small  mammals found on the sand 

dunes deserve special  ment ion.  Since the number o f  animals  

captured per  t rap  n i gh t  p a r t i a l l y  depends on the p a t t e rn  

of  t r a p s ,  i t  i s  best to compare these r e s u l t s  wi th r e s u l t s  

from i d e n t i c a l  sampling methods. Resul ts  o f  o ther  studies  

using i d e n t i c a l  NACSM t rap  l i n e s  have ranged from 0 .8  animals  

per 100 t r ap  nights f o r  a po pu la t io n  low of  Microtus in 

I nd iana  (Krebs,  K e l l e r ,  and Myers 1971)  to 11.2 and 13 .2  

animals per 100 t rap n ights in f o r e s t s  in A lb e r t a  and New 

York,  r e s p e c t i v e l y  (Calhoun 19 63 ) .  The dens i ty  index f o r  

small  mammals on the sand dunes is g e n e r a l l y  lower than 

the r e s u l t s  obtained in these o ther  h a b i t a t s .

Low popu la t ions  of  small  mammals might be expected in 

the f i r s t  two areas because o f  the l i m i t e d  amounts o f  r e ­

sources and the harsh m ic r oc l i m a te  (Chapman et  ̂ al_. 1 926 ) ,  

but the f o r e s t s  appear to p rov ide  resources f o r  more animals  

than are p r esent .  No small  mammals were found in the j ack  

pine area and very l i m i t e d  numbers were found in the black  

oak and beech-maple f o r e s t s .  In a s i m i l a r  in land  oak f o r e s t  

in southwestern Michigan the  w h i t e - f o o t e d  mouse, Peromyscus 

1eucopus, was the most common, and a p pa r en t ly  the on ly  s i g -
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ni f i c a n t , smal1 mammal (Hodgson and Brewer 1 9 7 5 ) .  Only 

one w h i t e - f o o t e d  mouse was captured in t h i s  s tudy .  Wood 

( 19 22 )  and Dice (1925)  re po r t ed  f i n d in g  th is  species in 

sand dune areas.  The conspicuous lack of  t h i s  species from 

the f o r e s t s  on the sand dunes in th is  study p robably  ac­

counts f o r  much o f  the o v e r a l l  s c a r c i t y  o f  small  mammals 

on the  sand dunes s t u d i e d .

Poss ib le  reasons f o r  the s i g n i f i c a n t l y  low numbers 

o f  smal l  mammals, and e s p e c i a l l y  the l ack  o f  Peromyscus 

1eucopus, on the sand dunes are as fo l l o w s :  ( 1 )  The b a i t ,

t r a p ,  or t rap  arrangement  could be i n e f f e c t i v e  f o r  t rapp ing  

smal l  mammals. This seems d o u b t f u l ,  however,  co ns ider ing  

the  r e s u l t s  of  t h i s  method as repor ted elsewhere (Calhoun  

1963)  and the apparent  ease of  t rapp ing  Peromyscus leucopus  

(Myton 1974 ) ;  (2 )  Annual f l u c t u a t i o n s  in small  mammal

p o pu la t io ns  could cause unusua l l y  low popu lat ions to occur .  

Smi th ,  Gentry,  and Pinder  (1974 )  found s i g n i f i c a n t  changes 

in numbers and species composi t ion of  small  mammal popu la ­

t i o n s  in an eastern hardwood f o r e s t  in s ix  years o f  study.  

They f e l t  t h a t  the p o p u la t i o n  o f  the small  mammal community 

might  be determined d i r e c t l y  or  i n d i r e c t l y  by the numbers 

o f  the  o t he r  species p r e s e n t ,  the e f f e c t s  o f  t empera ture  

and p r e c i p i t a t i o n ,  and the probable i n t e r a c t i o n  o f  these  

ph ys ic a l  and b i o l o g i c a l  v a r i a b l e s .  No data were c o l l e c t e d  

in the present  study to ana lyze  th is  p o s s i b i l i t y ;  (3 )

Sand dune areas are a p a r t i a l  i s l a n d .  No immigra t ion  is
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p o ss ib le  from the lakeward s i d e .  Some of  the sand dune 

communit ies ( j a c k  pine a r e a )  a r e  o f  a l o c a l i z e d  n a tu r e .  

Occasional  e x t i n c t i o n s  could l ea ve  some areas empty.  Col ­

o n i z a t i o n  o f  these empty areas by mammals could be slower  

than l a r g e r ,  in land a reas .  S i m i l a r  to is lands (MacArthur  

and Wi lson 19 6 7 ) ,  the sand dune areas have reduced immi­

g r a t i o n  and emig ra t i on .  Annual f l u c t u a t i o n s  in smal l  mam­

mal po pu la t ions  as noted by Smith ejt aj_. (1 974) could c rea te  

e x t i n c t i o n s  of  species in l o c a l i z e d  areas which co u ld ,  due 

to t h e i r  l o c a t i o n ,  be d i f f i c u l t  to r e c o l o n i z e ;  ( 4 )  Subt le  

envi ronmenta l  changes such as p e s t i c i d e  or to x ic  chemical  

l e v e l s  may have reduced small  mammal populat ions in  these  

as we l l  as some other  h a b i t a t s  (Woodwell 1967) .

No Microtus were found i n h a b i t i n g  any of  the sand dune 

communi t ies.  Although records of  Microtus e x i s t  f o r  Lake 

Michigan sand dunes ( P r u i t t  1954,  specimens a t  Chicago F ie ld  

Museum o f  Natura l  H is t o r y  and Michigan State U n i v e r s i t y  

Museum), n e i t h e r  Shel ford  ( 1 9 1 3 ) ,  Wood (1 9 2 2 ) ,  nor Dice 

(1925 )  found voles to be common on the sand dunes.  The 

herbaceous l a y e r  in the sand dune communities probab ly  does 

not p rov ide  s u i t a b l e  h a b i t a t  f o r  Microtus because o f  the 

l ack o f  adequate ground cover  (Whi taker  1967) .

Role o f  Mammals in P la n t  Succession

Most s tudies  of  mammalian succession have not  empha­

sized the r o l e  of  mammals in the  p l a n t  succession;  they
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have d e a l t  w i th  the dependence of  mammals on vegetat ion  

(Smith 1940,  Beckwith 1954,  Ver ts 1957,  Wetzel 1958,  Pear ­

son 1959 ,  G o l le y ,  Gentry,  C a l d w e l l ,  and Davenport 1965,

Shure 1970 ,  M'Closkey 1975) .  The dependence of  mammals 

on v e g e t a t i o n  f o r  food,  s h e l t e r ,  and breeding h a b i t a t  ap­

pears to be a pr imary f a c t o r  in de te rmin ing  the d i s t r i b u ­

t io n  o f  mammals.

The r o l e  o f  mammals in p l a n t  succession is d i f f i c u l t  

to q u a n t i f y ,  al though possible  e f f e c t s  have been descr ibed.  

K r e f t i n g  and Ahlgren (1974)  s t a t e d  t h a t  small  mammals may 

i n f l u e n c e  the pa t t e rn  of  v e g e t a t i o n a l  change in p o s t f i r e  

succession through the consumption o f  seeds,  notably  j ack  

pine seeds by deer mice.  Dice (1969 )  descr ibes several  

c l a s s i c a l  examples of  the cont ro l  by mammals on succession,  

s p e c i f i c a l l y  the beaver-meadow complex and herb ivore  graz ing  

in g r as s la nds .  Dice notes t h a t  an im a ls '  r o l es  in succession 

are u s u a l l y  very l o c a l ,  however.

Any r o l e  o f  mammals in sand dune succession would 

probab ly  be through seed d is pe rs a l  and de s t r u c t i o n  of  seeds 

or young p l a n t s .  Small mammals on Lake Michigan sand dunes 

probab ly  do not have a s i g n i f i c a n t  e f f e c t  o f  p la n t  succes­

sion because o f  t h e i r  very low numbers. The d iurna l  s c i u r -  

ids observed on the sand dunes could have a more s i g n i f i c a n t  

e f f e c t  due to t h e i r  gather ing  and s t o r in g  o f  seeds. A l ­

though ground s q u i r r e l s  acqu i re  ex te n s iv e  caches of  seeds 

(Howel l  19 3 8 ) ,  the pr imary grass on the dunes grows most ly
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by rhizomes (Olson 1 9 5 8 ) ,  t h e r e f o r e  seed d i s p e r s a l  (or  de­

s t r u c t i o n )  may not be an impor tant  f a c to r  in the e a r l y  

stages.  The d ispe rs a l  o f  seeds of  shrubs by ground s q u i r ­

r e l s  may help to speed the spread of  the cottonwood stage.

The red s q u i r r e l  and ea s te rn  chipmunk in the j a c k  pine area 

could s i g n i f i c a n t l y  a f f e c t  the d i s t r i b u t i o n  o f  j ack  p ines ,  

again by seed d i s p e r s a l .  Extension of  the d i s t r i b u t i o n  of  

c o n i f e r s  by the red s q u i r r e l  would be an e v o l u t i o n a r y  ad­

vantage fo r  t h i s  species which i s  a c h a r a c t e r i s t i c  c o n i f e r ­

ous species.  The same is  t r u e  o f  the fox s q u i r r e l  and ex­

tens ion of  the black oak a r e a .  Eastern c o t t o n t a i l s  probably  

have the g r e a te s t  e f f e c t  o f  any mammals on the p l a n t  suc­

cession of  the sand dunes. Because of  the l a r g e  popula­

t io ns  of  th is  mammal and i t s  a f f i n i t y  f o r  herbaceous growth 

(Peterson 1966) ,  t h is  mammal could re ta rd  the growth of  

grasses and shrubs in the  e a r l y  stages of  success ion,  t h e r e ­

by slowing the o v e r a l l  succession.  Both ea s t e rn  c o t t o n t a i l s  

and w h i t e - t a i l e d  deer might  r e t a r d  the expansion of  the  

fo re s t e d  areas by t h e i r  browsing on tw i g s ,  ba rks ,  and buds.

On the sand dunes a l o c a l i z e d  ve ge ta t io na l  change,  such as 

the loss of  a t r e e  by g i r d l i n g  by mammals, could be s i g ­

n i f i c a n t  because o f  the uns tab le  cond i t ion  o f  the dunes 

once vege ta t io n  is removed.

Prebai  t in g

Some researchers  have found tha t  some species of  small
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mammals are not adequate ly  t rapped u n t i l  a f t e r  f i v e  to ten 

days of  t rapp ing  (Calhoun 1963 ,  Myton 1974) or longer  (Olsen 

1 9 7 5 ) .  This has been exp la ined  in a t  l e a s t  tv/o d i f f e r e n t  

ways: ( 1 )  socia l  dominance by some species p r o h i b i t s  o ther

species  from being trapped u n t i l  the dominant species is  

removed and (2 )  d i f f e r e n c e s  in  t r a p p a b i l i t y  or e c o lo g ic a l  

d i f f e r e n c e s  in the use o f  h a b i t a t  (such as f o s s o r i a l  spec ies)  

do not  a l low  some species to be trapped very q u i c k l y .  The 

e x te n s iv e  p r e b a i t i n g  per iod was used in th is  study to permi t  

the t raps  to become accepted as pa r t  o f  the envi ronment .

For those areas in t h i s  study in which the species are e a s i l y  

t r a p p e d ,  the p r e b a i t i n g  does not  seem to have any e f f e c t ,  

whereas in the beech-maple area the s h o r t - t a i l e d  shrew,  

p r i m a r i l y  a f o s s o r i a l  mammal, was trapped a t  a s i g n i f i c a n t l y  

g r e a t e r  r a t e  a f t e r  a l lo w in g  the t raps to be in the area fo r  

14 days.  This supports the hypothesis  th a t  some species  

are not r e a d i l y  trapped because of  t h e i r  h a b i t s ,  such as 

being f o s s o r i a l ,  r a th e r  than because of  the dominance of  

any o t h e r  species since no "dominant" species were removed 

in the  beech-maple area p r i o r  to captur ing the shrews.  The 

l a c k  o f  any common "dominant" species t h a t  might have p r e ­

vented the shrews from being t rapped even a f t e r  p r e b a i t i n g  

prevents  these r e s u l t s  from being a d e f i n i t e  f a l s i f i c a t i o n  

o f  the dominance hypothesis .  Perhaps an ex tens ive  p r e b a i t i n g  

per io d  should be used to census small mammal communit ies  

when using a shor t  per iod o f  ac tua l  t r ap p in g .
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S U M M A R Y

Mammals were studied in the c l a s s i c a l  example o f  eco­

l o g i c a l  succession on the sand dunes along Lake Michigan.  

Study areas were e s ta b l i s h ed  in f i v e  serai  stages:  p i o ­

neer  dune grass,  cottonwood,  j ack  p i ne ,  black oak,  and 

beech-map le .

Small mammals were sampled w i th  t rap l i n e s  o f  snap-  

t r ap s  and p i t - t r a p s .  D iurna l  mammals were sampled using 

t r a n s e c t  counts.  Observat ions of  l a r g e  mammals were made 

throughout  the sand dune a r ea .

Q u a n t i t a t i v e  data were obta ined on ten spec ies .  Pero- 

myscus mani cu latus  bai rdi  i and B1ari  na brevi  cauda were the 

most common small mammals; Tamiasciurus hudsonicus and 

Tamias s t r i a t u s  were the most common diurna l  s c i u r i d s .

The r e s u l t s  b a s i c a l l y  agree w i t h  the r e s u l t s  o f  o t h e r  faunal  

s t u d i e s  on the sand dunes: the succession of  fauna c o r ­

responds w i th  the v e g e t a t i o n a l  succession.  However,  mammals 

e x h i b i t  the biggest  tu rnover  o f  species between the c o t t o n ­

wood and ja c k  pine stages in s t ea d  o f  between the j a c k  pine  

and b lack  oak stages as found in the other  sand dune faunal  

st udi es .

The successional  stages on the sand dunes each support  

c h a r a c t e r i s t i c  communities o f  mammals which corresponds  

to the f i n d i n g s  in o ther  successional  s tudies of  mammals.

In the sand dune sere species d i v e r s i t y  increases c o n t i n u a l -
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l y .  Other successional  s tud ies  o f  mammals have e x h i b i t e d  

an i r r e g u l a r  t rend in d i v e r s i t y .  A poss ib le  e x p la na t i on  

f o r  t h i s  d i f f e r e n c e  is d iscussed.

Small mammal popu lat ions  on the sand dunes were found 

to be very low wi th  a conspicuous l a c k  o f  Peromyscus l e u - 

copus. These low popula t ions could be due to i n e f f e c t i v e ­

ness o f  the sampl ing,  annual f l u c t u a t i o n s  in small  mammal 

p o p u l a t i o n s ,  the l o c a t i o n  o f  the sand dune areas as p a r t i a l  

i s l a n d s  w i th  reduced im m ig ra t io n ,  or  subt le  envi ronmental  

changes such as p e s t i c i d e  or  t o x i c  chemical  l e v e l s .

The ground and t r e e  s q u i r r e l s  could play a s i g n i f i c a n t  

r o l e  in p l a n t  succession on the sand dunes through t h e i r  

g a th e r in g  and s t o r in g  of  seeds.  The e f f e c t s  o f  eas te rn  

c o t t o n t a i l s  on r e t a r d i n g  p l a n t  succession is  probably  the  

most pronounced e f f e c t  by any sand dune mammal.

Trapping r e s u l t s  a f t e r  p r e b a i t i n g  t raps dur ing  a por t ion  

of  t h i s  study provided data to support  the nypothesis  t h a t  

some species of  mammals are not r e a d i l y  t rapped because o f  

t h e i r  hab i ts  r a t h e r  than because o f  the dominance o f  any 

o t h e r  spec ies .
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