
A PJEPHODUOTIOK STUDY OF 1TGRSHER1T WHITE CEDAR

Subnitted  
State 

in

By

Thomas Charles Kelson

A THESIS

ie s  o f Michiganto the School of Graduate Studii 
College o f Agriculture and Applied Science 
p a r tia l fu lf il lm e n t  of the requirements 

fo r  the degree of

DOCTOR OF PHILOSOPHY

Department of Forestry

1950 i



ACKNOWLEDGEMENTS

ERRATA

The key in  f ig u re s  1 , 2, and 3 should read "ten year 

record" in stead  o f  "nine year record".

Management S p e c ia l is t ,  were aeepxy Kppx-wcxetvou..--------

Dr. L. E. Gysel o f Michigan S tate  C ollege la r g e ly  d irected  the  

stu d ies and gave in valu ab le suggestions on the w ritin g  o f  th is  manu­

sc r ip t . Dr. P. A. Herbert, Dr. W. B. Drew and Mr. J. 0. Veatch o f  

Michigan S ta te  C ollege are thanked fo r  th e ir  p a r t ic ip a tio n  upon the  

Graduate Committee.

Cusino V /ild life  Experiment S ta tio n , Shingleton , furnished f i e ld  

h elp . E specia l con sid eration  i s  due Mr. W. J. Koski fo r  h is  many 

weeks o f f i e ld  a id , h is  cheerfu l a t t itu d e  and h is  personal in te r e s t  

in  the p r o jec t. Mr. D. P. Switzenberg took the photographs with the  

exception o f  those in  which mention o f the photographer i s  made in  the  

caption.

E xcellen t cooperation was received  from other in te r e ste d  agen cies  

and organizations in clu d ing  Mr. W. M. Z i l l g i t t ,  in  charge o f the Upper 

Peninsula Experimental F orest, Lake S ta tes  Forest Experiment S ta tio n , 

Marquette, Mr. Gene A. H esterberg, Department o f F orestry , Michigan 

C ollege o f  Mining and Technology, and the s t a f f  o f  the Forestry D iv is io n ,

_____
A p ortion  of the a id  was made p o ss ib le  through a Federal Aid in  

W ild life  R estoration  P ro jec t, 52-R.



ACIQTOWLEDGEMENTS

G rateful acknowledgement i s  made to the Michigan Department o f  

Conservation fo r  urovid ing the p art-tim e fe llo w sh ip  and other a id  and
1 /

f a c i l i t i e s  which helped to make t h is  study p o s s ib le . The encourage­

ment and advice o f Mr. H. D. Ruhl, Chief o f  the Game D iv is io n , Mr. F.

H. D ale, form erly Pittman-Robertson Coordinator, Mr. L. A. Davenport, 

the present Pittman-Robertson Coordinator, and Mr. B. C. Jenkins, Cover 

Management S p e c ia l is t ,  were deeply appreciated.

Dr. L. E. Gysel o f  Michigan S ta te  C ollege la r g e ly  d irected  the  

stu d ies and gave in valu ab le suggestions on the w ritin g  o f  th is  maniu- 

sc r ip t . Dr. P. A. Herbert, Dr. W. B, Drew and Mr. J. 0. Veatch o f  

Michigan S ta te  C ollege are thanked fo r  th e ir  p a r t ic ip a t io n  upon the  

Graduate Committee.

Cusino W ild life  Experiment S ta tio n , Shingleton, furnished f i e ld  

help. E special con sid eration  i s  due Mr. W. J. Koski fo r  h is  many 

weeks o f  f i e ld  a id , h is  cheerfu l a t t itu d e  and h is  personal in te r e s t  

in  th e p ro je c t. Mr. D. P. Switzenberg took the photographs w ith the 

exception o f those in  which mention o f the photographer i s  made in  the  

caption.

E xcellen t cooperation v/as rece ived  from other in te r e ste d  agencies  

and organ izations in clu d ing  Mr. W. M. Z i l l g i t t ,  in  charge o f the Upper 

Peninsula Experimental F orest, Lake S ta tes  Forest Experiment S ta tio n , 

Marquette, Mr. Gene A. Hesterberg, Department o f  F orestry, Michigan 

C ollege of Mining and Technology, and the s ta f f  o f  the Forestry D iv isio n ,

I f
A p ortion  o f the a id  was made p o ss ib le  through a Federal Aid in  

W ild life  R estoration  P ro jec t, 52-R.



Michigan Department o f  Conservation.

F in a lly , and not in  an attem pt to "be fa c e t io u s , s in cere  

thanks are due to th e Carbide and Carbon Chemicals Corporation, 

the makers o f  ll6 l2" , without which most o f the f i e l d  work would 

have been unbearable. With the m osquitoes and b la c k f l ie s  p a r t ia l ly  

under con tro l, the days spent wading knee-deep in  swamp-water, the  

days with dew on the w aist-h igh  brush u n t i l  noon, the warm days 

when the "swarap-gas11 created  a con sid erab le  odor, and the Ju ly  and 

August days in  an a ld er  th ick et are  now th e sub ject o f n o s ta lg ic  

memories rather than b it t e r  cu ssin g .



TABLE OF CONTENTS

Page

THE PROBLIM............................................................................................................ 7

REVIEW OP LITERATURE.....................................................................................  8

DESCRIPTION OP AREA.

P h ysiograp h y ..............................................................................................  11

C l i m a t e .......................................................................................................  11

THE SPECIES AND ITS ENVIRONMENT

The S e e d .......................................................................................................  12

The T r e e .......................................................................................................  16

Cover Types and A s s o c ia t io n s ..........................................................  18

S o i ls  . . ................................................................................................... 20

INITIAL REPRODUCTION

Seedling C h a ra cter istic s  and Development
Methods . . . . .  ........................................................................  24
R e s u l t s ..............................................................................................  24

Survival and M orta lity
M ethods..............................................................................................  30
R e s u l t s ..............................................................................................  33

Types o f  Reproduction
M ethods.............................................................................................. 41
R e s u l t s .............................................................................................. 42

Environmental Factors A ffec tin g  I n i t ia l  Reproduction

Laboratory Studies
Seed V i a b i l i t y ...................................................................  51
L i g h t ..................................................................................... 52
A c i d i t y ................................................................................  53
Type o f Germinating M e d i a ........................................  53
T em p era tu re .......................................................................  58

F ie ld  S tudies
Season o f Seed Germination .  ................................ 60
E ffe c t iv e  Seeding D istance

Methods . . . . .  .................................................  60
R e s u l t s .................. .... ................................................  6 2



Light
Methods  .................................  .
R esu lts .........................................

A c id ity
Methods . ....................................
R esu lts .........................................

Types o f  Germinating Media
Methods .........................................
R e s u l t s .........................................

Temperature
M ethods........................................
R esu lts  .........................................

S o il  M oisture
Methods  ..................
R esu lts ........................................

Drainage
Methods ........................................  ,
R e s u l t s ........................................ ...

Rodent and Snov/shoe Hare Browsing
M ethods............................................,
R esu lts ......................................... .

S o il and Cover Types 
Methods

S o il T y p e s ...................... ...
Cover T y p e s .................. ...

R esu lts
S o il T y p e s ..........................
Cover T y p e s .................. ...

Age o f  Stand
M ethods............................................ ,
R esu lts ............................................

E ffect o f Deer and Snov/shoe Hare Browsing upon Advanced 
R«^production and Stand Composition

Methods ........................................................................................
Results ........................................................................................

ADVANCED REPRODUCTION

urvival and M ortality
Methods .................
Results .................

E ffect o f Deer Browsing upon Advanced Reproduction and 
S;and Composition

Methods ....................................................................................
Results



Page

SILVICULTURAL PRACTICES

E ffect o f C ertain S ilv ic u ltu r a l  P r a c tic e s  upon the Reproduction 
o f  Cedar and i t s  A sso cia tes  

Methods
Boh* s Lake C uttings .  ........................................................... 150
Cusino C u t t i n g s ............................................................................. 156

R esu lts
Bob»s Lake C u t t i n g s .................................................................... 159
Cusino C u t t i n g s ............................................................................. 165

P lan ta tion s
M ethods.......................................................................   169
R e s u l t s ............................................................................................................ 172

DISCUSSI01T

R eproduction ............................................................................................................ 173

Management..........................   178

SUMMARY ADD CONCLUSIONS...............................................................................................182

LITERATURE C IT E D ............................................................................................................ 188

APPENDIXES......................................................................................................................... 193

Appendix A. Tables and Mathematical C o n fu ta t io n s ............................ 194-

Appendix B. Common Names o f  Trees and Shrubs and Their
S c ie n t i f ic  E q u iv a le n ts ........................................................... 199

Appendix C. Common Names o f  B irds and Mammals and Their
S c ie n t i f ic  Equivalents ......................................................  200

Appendix D. Method o f  Deer Browse A n a ly s i s ..........................................201

Appendix E. A sso c ia tes  o f Cedar from C o llec tio n s  and
Observations ............................................................................  205



THE PROBLEM

Northern w hite cedar (Thuja o c c id e n ta lis  L . ) stands occupy 

approximately 639*000 acres in  Michigan, Ahout 293*000 acres  

o f th is  to ta l  i s  found in  the eastern  h a lf  o f the Upper P eninsu la  

o f Michigan (3 5 ).

Cedar i s  the s ta p le  w inter food o f  the w h ite -ta ile d  deer 

(Odocoileus v irg in !an u s b o r e a lis  M ille r ) , I t  i s  the c h ie f  source  

o f p o le s  and p o sts  in  the Lake S ta te s  as w ell as being an important 

source o f  other timber products. Northern w hite cedar has n egative  

value in  the ex ten siv e  stands managed fo r  pulp production.

Pewer eco lo g ica l and s i lv ic u lt u r a l  s tu d ie s  have been made 

on th is  sp ec ie s  than on any other commercial tr e e  sp ec ie s  in  the  

region . None have been made that would serve to in d ic a te  p o ss ib le  

management p r a c t ic e s .

I t  i s  w ith  th ese  fa c ts  in  mind that a study was in i t ia t e d  

concerning the fa c to r s  a f fe c t in g  i t s  reproduction in  swamp stands  

in  the Upper P eninsu la .



REVIEW OF LITERATURE

L itera tu re  d ir e c t ly  r e la te d  to northern w hite cedar reproduct­

ion i s  lim ite d . Papers d ir e c t ly  concerned w ith any phase o f  the  

management o f the sp e c ie s  are not numerous. However, "bog s tu d ie s ,  

reproduction stu d ies  o f  other sp e c ie s , and s tu d ie s  in vo lv in g  

ec o lo g ica l fa c to r s  d ea lt  w ith in  th is  d is s e r ta t io n  are m ultitud inous. 

Studies on northern w hite cedar reproduction are lim ite d  to the s ta te s  

o f Maine and M innesota. C urtis ( l 6) made a general study o f the  

sp ecies  in clu d ing  reproduction — p rim arily  in  swamp stands character­

ized  "by high water ta b le s  throughout the year. He a lso  conducted a 

sim ilar  study on the sp ec ie s  in  upland stands (1 5 ). Montgomery (i+2) 

carried  on fu rth er s tu d ies  o f  reproduction in  Maine. Maki (h i)  

studied  growth and reproduction in  Minnesota stands.

Stewart (5 0 ), in  e f f e c t ,  c l a s s i f i e s  northern w hite cedar in  a 

s in g le  cover type in  the Lake S ta te s . Cedar i s  l im ite d  in  the type 

o f s i t e  that i t  occupies in  the southern p o rtio n s  o f Michigan, pre­

dominantly those s i t e s  w ith a R if le  peat s o i l  type (55)• ®ke s i t e  

preference becomes l e s s  marked as one p rogresses northward and westward.

The succession  o f  cedar and i t s  a s so c ia te s  has been the  

subject o f considerable study. Gates (2h) c l a s s i f i e s  the Thuja 

a sso c ia tio n  as a  clim ax type in  the hydrarch s e r ie s  in  bog la k es  

in  the Douglas Lake region o f  Michigan. In wet s o i l s ,  he p la ces  

Thuja as a temporary type, preceded by a bog a sso c ia t io n  or a 

lowland fo r e s t .  I t  i s  a sso c ia ted  w ith and replaced  by a P ice a -  

Abies a sso c ia tio n .

Coouer ( lh ) ,  in  d escrib in g  an area evolv in g  from Keweenawan 

lava  flow s ( I s l e  R oyale), d if fe r e n t ia te s  between a bog succession



and a d e lta  swamp su ccessio n . Thuja does not enter in to  the hog 

succession  except as a  subdominant to l a r i x , a subclimax sta g e  o f  

one l in e  o f  development. On the other hand, he p la ces  Thuja as  

the dominant in  a s im ila r  stage  in  th e d e lta  swamp su ccessio n .

For the most p a rt, cedar  seed and seed lin g  s tu d ie s  have "been 

aimed a t determining th e e f fe c t  o f  environmental fa c to rs  on 

germination rather than being carr ied  out s p e c if ic a l ly  as sp e c ie s  

stu d ies . H eit and E liason  (30) have lim ite d  th e ir  s tu d ie s  to  

coniferous tree  seed in c lu d in g  a  s p e c if ic  study o f Thuja o c c id e n ta l^

regarding methods o f seed te s t in g  and fa c to rs  a f fe c t in g  germ ination  

and seed q u a lity .

There i s  no apparent marked d ifferen ce  in  the subterranean  

organs o f  a given sp ec ie s  growing in  a  bog and in  comparable condi­

tio n s  in  mineral s o i l s  (1 9 ). However, Rigg and Harrar (47) contend  

that ex cessiv e  root fu sio n  o ften  occurs in  sphagnum and e c c e n tr ic ity  

of root growth and enlargement i s  c h a r a c te r is t ic  o f  tr e e  ro o ts  growing 

in  sphagnum peat. Moore (43) m aintains that northern w hite cedar i s  

the only northeastern co n ife r  that does not have m yccorhizal fungi 

in  or on i t s  ro o ts .

The e f fe c t  o f  l ig h t  and pH on cedar reproduction are mentioned 

in  the l i t e r a tu r e .  Wiesner (60) and Burns (9 ) ,  using photographic  

paper, ca lcu la ted  the average minimum l ig h t  in te n s ity  requirement 

for  cedar, lu tz  and Chandler (JjO) p oin t out that northern w hite  

cedar has been observed commonly on calcareous s o i l s  and i s  scarce  

or absent on adjacent a c id  s o i l s .  Wherry (59) d iscu sses  the re­

a ctio n  ^reference o f eastern  co n ife rs  includ ing cedar.



I t  was found necessary  to turn to the l i t e r a tu r e  fo r  methods 

o f c la s s ify in g  and determ ining the e f fe c t s  o f  the various types o f  

germ inating media found on the swamp f lo o r  (7 , 22, 26, ^5). McCullough 

(hij.) has developed a system o f  c la s s i f ic a t io n  for the various sta g es  

o f decay in  lo g s  on the western sp r u c e -f ir  fo r e s ts  fo r  u se  in  r e la t io n  

to th e ir  a c c e p t ib il i t y  as types o f  germinating media. H is c l a s s i f i ­

cation  was used in  th is  study.

Son and A verell (6 2 ), studying growth in  r e la t io n  to swamp 

drainage, conclude that growth r a te  decreases in  proportion  to the  

d istan ce from the source o f  drainage. LeBarron and N eetze l (38) 

t a l l i e d  sample quadrats over a long period  o f time at designated  

d istan ces from a r t i f i c i a l  arainageways in  a cedar stand and found 

that e f fe c t iv e  draining would change a hog con ifer  type to a hardwood 

co n ifer  type.

Northern w hite cedar i s  an important component o f  many d eer-  

yards throughout the Lake S ta te s  and i s  subject to heavy browsing "by 

several mammals, B a r t le tt  ( 6 ) ,  Sw ift (5 1 ), and Aldous and Smith ( -̂) 

d iscu ss the winter deer food problem in  Michigan, W isconsin, and 

Minnesota r e sp e c tiv e ly . Davenport (17) p o in ts  out that northern 

white cedar proved to be the on ly  sp ec ies  o f  browse fed  e x c lu s iv e ly  

upon which deer were ab le to m aintain th e ir  strength . Sw ift (52) 

reports that in  northern W isconsin, only three out o f every ten young 

cedar remain undamaged from deer or snowshoe hare browsing. The 

harmful in flu en ce o f  snowshoe hare browsing on p la n ta tio n s in  the  

Lake S ta tes  lias been d iscu ssed  ( l ) .  Cedar i s  commonly damaged by 

snowshoe hare browsing, e s p e c ia lly  when other food i s  scarce (3 6 ).

Krauch (33, 3h) reports that rodents are h igh ly  in im ica l to natural 

coniferous regeneration in  severa l reg ion s.



Cedar i s  one o f the few c o n ife r s  that reproduces v e g e ta t iv e ly .  

Potzger (k6)  acknowledges the fa c t  th a t v e g e ta tiv e  propagation occurs 

in c o n ife r s . Harlow (27) found o ccasion a l rejuvenation o f  T, 

o c c id e n ta lis  by natural cu ttin g s  in  the Adirondacks. Cooper (13) 

is  resp o n sib le  for recogn ition  o f  natural la y er in g  among c o n ife r s ,  

Aldous (3 ) reports that cedar food  and cover p lan tin gs fo r  deer were 

un su ccessfu l in  Minnesota,

DESCRIPTION OP AREA 

Physiography

This study was made in  the Great Lakes p la in s  reg ion , a 

g la c ia te d  p art o f the Great Central Lowland o f  the United S ta te s ,  

and was confined  to a portion  o f t h is  province in  the ea stern  part  

of the Upper P eninsula  o f Michigan. The area as a whole i s  underlain  

by p a leo zo ic  sedimentary rock. The la r g e  swamps, the s p e c if ic  areas  

that the cedar stu d ies were made in ,  have developed from le v e l  t i l l  

p la in s  or o ld  lak e beds. Upland r id g es  in  the v ic in i ty  probably are  

the r e s u lt  o f g la c ia l  a c t iv it y .  The beds dip g e n tly  to th e south as 

the r e s u lt  o f  a  greater amount o f  recen t u p l i f t  on the Lake Superior 

shore (5 5 ). Drainage i s  poor and haphazard. In the Cusino swamp, the 

lo ca tio n  o f  t h is  study, Stoner Creek provides the main drainageway, 

emptying in to  Lake Michigan a t  M anistique through the M anistiaue River,

Climate

The Cusino swamp l i e s  approxim ately a t 46°30' North la t i tu d e .

The c lim ate  i s  o f  a marine type, governed by the force and d irec tio n  

of the wind.



C lim atic conditions w ith in  the study area are more sim ilar  

to those o f  the weather s ta t io n  near Seney, Michigan than to any o f  

the other nearby s ta tio n s  a t which records have been kept (5*4). A 

ten-year record shows an average January temperature o f  1*4.9° P. and 

a July average o f 6*1.8° P. Maximum temperature recorded a t th is  s ta ­

tion  i s  103° E. and the minimum i s  -*4-7 . 0°  P. The average date for  the  

la s t  k i l l i n g  fr o s t  in  the spring i s  June 15th and fo r  the f i r s t  f r o s t  in  

f a l l  i s  August 27. The average growing season i s  73 days. A 17-year  

record in d ic a te s  that average r a in f a l l  i s  26.75  in ch es  w ith a growing 

season range o f  2.89 inches during May to 3 .33 inches in  September.

Light f r o s t s  have been known to occur during June, Ju ly , and August 

(55). During the 19*49 growing season , fr o s ts  were known to occur in  

the swamp on June 8 and July 18.

Climographs have been constructed  fo r  19*47. 19^48. and through 

the ].9*i9 growing season fo r  the Seney sta tio n  (f ig u r e s  1 , 2, 3 ) . A 

climograph fo r  the ten year p er io d  from 1930-39 in c lu s iv e  lias been 

transposed on each yearly  climograph for  comparison. The 19*4? grow­

ing season sta rted  out cool w ith  the la t t e r  portion  o f  the season 

warmer than average. The season was dry throughout. The 19*48 season 

was dry but the 19*49 season turned out to be warm and very wet.

TEE SPECIES AND ITS EHVIHQHMEMD 

The Seed

The seeds o f northern w h ite  cedar are very sm all in  s iz e  and 
1 /

l ig h t  in  weight . They are approxim ately l / 8  inch in  len gth  with

There are about 300,000  seeds per pound (5&).
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Figure 1 . Climograph o f  Cusino weather fo r  19^7 superimposed 

upon ten -year composite climograph. Graphs were constructed w ith  

Seney M igratory Waterfowl Refuge readings, th e  nearest inland weather 

s ta t io n .
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Figure 2 . Climograph o f Cusino weather fo r  19*f8 superimposed 

upon ten -year composite climograph. Graphs were con stru cted  w ith  

Seney M igratory Waterfowl Refuge readings, the nearest in land  weather 

s ta tio n .
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Figure 3 . Climograph o f Cusino weather fo r  the f i r s t  e igh t  

nonthB of 19̂ +9 superimposed upon a ten-year composite climograph. 

Graphs were constructed w ith  Seney M igratory Waterfowl Befuge readings, 

the nearest inland weather s ta t io n .



a p a ir  o f  wide wings and brown in  co lo r . High q u a lity  seed should 

contain roughly 75 percent f i l l e d  seed and average p u rity  should a lso  

be about 75 percent (3 0 ). Seed has been stored  in  sealed  containers  

fo r  f iv e  years a t  2° to ho C. w ithout any apparent lo s s  in  i t s

o r ig in a l v ia b i l i t y  (3 0 ).

Seed produotion has been noted on stems as young as 12 years 

in  age in  the Cusino area and cones were found on in d iv id u a ls  as  

young as 6 years of age in  Maine ( l6 ) .  Commencing a t 20 years  

o f age, seed i s  produced q u ite  abundantly w ith s u f f ic ie n t  production  

fo r  commercial seed gath ering  occurring from 30 years o f age to 

m aturity. Seed occurs almost every year but heavy seed crops are  

borne a t approximately 5 year in te r v a ls . I t  i s  not uncommon fo r  

an average-sized  tree  w ith  a f a ir ly  f u l l  crown to produce bushel 

o f cones. A bushel o f  cones averages one pound o f  clean seed (h-1). 

Iso la ted  tr e e s , and e s p e c ia lly  those on upland s i t e s ,  produce seed  

more p r o l i f i c a l ly  than the tr e e s  on swamp s i t e s  in  the study area. 

Seed i s  shed throughout th e f a l l  months and i s  aided considerably  

in  d istr ib u tio n  by c lip p in g  o f  the branches by sq u irre ls .

The Tree

Northern white cedar i s  the only member o f i t s  genus Thuja 

(Thuya Sarg .) that i s  found in  the Lake S ta te s . I t  commonly grows 

from hO to 60 f e e t  in  height and several f e e t  in  diameter.
u

Growth form i s  poor in  swamp-grown cedar ; " p isto l-b u tts '1

1/
For a hO foot tree  — a common height in  swamp stands — that lias 

a diameter at breast height o u tsid e  bark o f  8 .0  inches, Gevorkiantz 
and Duerr (25) c a lc u la te  the diameter in s id e  bark at 1 fo o t above 
the ground as 9 .2  inches and 3 .0  inches a t 30 fe e t  above the ground.



and ''bowed-butts'* are common. C urtis ( l6 )  puts fo r th  several 

hypotheses to explain  th ese phenomena. V egetative reproduction  

of the layerin g  type w i l l  account fo r  curved b u tts . Poor stem 

anchorage causes stems o f a l l  ages to be forced  from the v e r t ic a l  

because o f snow, ic e ,  or wind a c tio n . S eed lin gs e s ta b lish  them­

se lv e s  on rotten  lo g s ,  stumps, and moss hummoclcs that gradually  

lean  as the sub strate d is in te g r a te s  and th e ir  weight in crea ses. 

Upland cedar seems to a t ta in  b e tte r  form than swamp cedar. Forked- 

heads and stag-heads are a lso  common in  Upper P eninsu la  swanro stands.

Height and diameter growth o f cedar are slow; Gevorkiantz 

and Duerr (25) use l6o years as a  base in  determ ining s i t e  index. 

Although old  stems u su a lly  show b u tt r o t , r e l ia b le  r in g  counts 

have been obtained that in d ica te  tr e e s  300 years o ld  are present in  

stands in  the Upper Peninsu la .

la te r a l  root systems seem to develop on swamp-grown tr e e s ,  

rep lacing the tap root o f  th e  young se e d lin g s . The root systems 

are shallow, and the branch roots a t ta in  a red co lo ra tio n .

Northern white cedar was one o f  the sp ec ie s  included in  the  

(,p ine cu t11 in  the Lake S ta te s . I t s  u se  then was p r in c ip a lly  fo r  

sh in g les  and p o le s . Today th e wood i s  used c h ie f ly  fo r  p o sts , 

p o le s , t i e s ,  lumber in  boat manufacturing, cabin lo g s ,  r u s tic  fen ces  

and fu rn itu re , n ovelty  item s, and mine lagg in g .

Northern w hite cedar fo lia g e  i s  the most inroortant w inter 

browse for w h ite -ta ile d  deer in th e Lake S ta tes  region both from 

a p a la ta b il i t y  and a n u tr it io n a l ra tin g  (2 ) . Although the amount 

o f fo lia g e  produced by the to ta l tr e e  i s  correla ted  w ith  diameter 

at b reast heigh t, the browse a v a ila b le  for deer d ec lin es  sharply  

beyond a d .b .h . o f  3 .0  in c h e s .(2 ) .



Cover Types and. A sso c ia tio n s

Stev/art (50) c la s s i f i e s  northern swamps in to  a s in g le  major 

type contain ing Thuja o c c id e n ta lis . Larix la r lc ln a . and P icea  

mariana — the s i t e  cond itions governing the stand com position.

The "best stands o f  cedar occur on the edges o f highland and swamp 

where the peat la y er  i s  ju st a few inches th ick . Stewart fu rth er  

observed th at in  deep peat s o i l s ,  growth o f  cedar i s  slow and 

recommends a ro ta tio n  on an average s i t e  o f  70 to  90 years fo r  

p osts  and 200 years fo r  p o le s .

Northern white cedar i s  included in  e ig h t o f  the cover 

types designated hy the S ociety  o f American F o resters  (4 9 ), namely;

1 8 . red spruce type 20. paper b irch-red  spruce-balsam  f i r  type 

21. white spruce-balsam fir -p ap er b irch  type 22. balsam f i r  type 

23. black spruce type 2b. northern w hite cedar type 25. tamarack 

type 26 . black ash-American elm-red maple type. Of the types  

l i s t e d ,  on ly  f iv e  occur in  the Lake S ta te s , the w hite spruce-balsam f i r -  

paper b irch  type, black spruce type, northern w hite cedar type, 

tamarack type, and the black ash-American elm -red maple type.

The white spruce-balsam fir -p a p er  b irch  type does not commonly 

contain  northern white cedar and occurs more e x ten siv e ly  in  northern  

Minnesota than in  northern Michigan and northern W isconsin.

The black spruce type i s  the ty p ica l bog cover type that i s  

loca ted  on a c id  peat w ith  l i t t l e  or no drainage. Cedar i s  a minor 

component o f  the stand. The type i s  u t i l i z e d  m ainly for pulpwood.



X M

1 /
The northern white cedar type , as e sta b lish ed  by the S o ciety  o f  

American F oresters, i s  predominantly composed o f  cedar and i s  

a sso c ia ted  w ith tamarack, balsam f i r ,  yellow  b irch , paper b irch , 

black ash, red maple, b lack spruce, white p in e, hemlock, and a ld er .

The type occurs in  the northern h a lf  of the Lake S ta tes  region a s  

w ell as  in  Hew England. I t  i s  lo ca ted  on s i t e s  w ith  slow drainage  

and a h igh  water ta b le  that are not stron gly  a c id . I t  i s  a lso  p resen t  

on lim eston e uplands. According to i t s  type d escr ip tio n , i t  w i l l  

m aintain i t s e l f  as lon g  as the swamp remains wet i f  i t  i s  not d is ­

turbed.

The tamarack type in clu d es considerable northern w hite cedar 

and i s  found in  Michigan, W isconsin, and Minnesota. I t  i s  tr u ly  a 

bog type, the southern stands o f t h is  type occurring as pure 

tamarack. I t  i s  succeeded by black spruce or cedar, depending 

p rim arily  on the drainage and a c id ity .

The black ash-American elm-red maple type contains cedar 

only in  the Lake S ta tes  and then in  small numbers. I t  occupies low­

land s i t e s  and i s  considered a clim ax type.

C urtis (15) proposes a separate cover type for the upland 

northern w hite cedar that d if f e r s  from the S o c ie ty  of American 

F o rester ’ s cedar type, a c la s s i f ic a t io n  which in clu d es both swamp 

and upland stands.

The Lake S ta tes  Forest Experiment S ta tion  (35) estim ated  

that cedar stands occupy 639,000 acres in  Michigan or 3$ o f the

a
Synonyms mentioned by the S o ciety  o f American F oresters in c lu d e  

the fo llo w in g  types; cedar-tam arack-spruce, cedar-tam arack-spruce- 
balsam, cedar-spruce-balsam -w hite p in e , balsam-cedar-taraarack-spruce, 
cedar-paper birch-balsam -red maple, and mixed swamp.



to ta l  fo r e st  land in  the s ta te .  I t  i s  fu rth er  estim ated that the 

acreage "by section s o f the s ta te  i s  as fo llo w s;

S ection Acres

Eastern h a lf  o f the Upper P eninsu la  
Western h a lf  of the Upper P eninsula  
Northern h a lf  o f  the Lower P eninsu la  
Southern h a lf  o f  the Lower P eninsula

293.000
153.000
180.000  

13,000

A ssocia tes o f cedar that \*ere observed and c o lle c te d  are  

l i s t e d  in  the Appendix. Their occurrence does not n ec e ssa r ily  in ­

d icate  common occurrence on cedar s i t e s ,  however. Por example, 

P o te n t llla  fru ctosa  was found ra re ly  on cedar swamp s i t e s  where­

as Cyprl-pedlum acau le , Bubus tr lflo ru m , and Galium asprellum were 

commonly found. Sarracenia purpurea and Ledum groenlandicum were 

most abundant on the types w ith cedar th at approach the true bog 

cond itions. I r i s  v e r s ic o lo r  and Tyoha l a t l f o l i a  were found in  the  

m oister pockets w ithin  the swamp.

Although Thu,1a o c c id e n ta ils  i s  considered to be a c a lc ic o le  

(2 0 ), i t s  occurrence in  the Lake S ta tes  i s  by no means lim ited  to 

s o i l s  of calcareous o r ig in . I t  i s  found ex ten siv e ly  throughout the  

acid  swamps of the region. Cheney (12) summarized the occurrence 

o f cedar in  swamps by s ta t in g  that cedar comes in  only on the older  

bogs where the peat i s  f a ir ly  w ell decomposed.

The area studied l i e s  w ith in  the Podzol s o i l  region o f North 

America. S o ils  are formed from m ateria l deposited  by the la t e  Wis­

consin g la c ie r  and d ep osits  are m ainly o f lo c a l o r ig in .

S o ils



The mineral s o i l s  o f the area f a l l  in to  two major  groups 

(55)» s o i l s  which have developed under free  drainage and a era tio n

and contain  a normal amount o f m oisture fo r  the reg ion , and s o i l s

which are permanently or in ter m itten tly  saturated  w ith  water. I t  

i s  with the la t t e r  group that our in te r e s t  l i e s  although cedar does 

appear on s o i l s  o f  the f i r s t  group.

A generalized  s o i l  p r o f ile  w ith poor drainage or ex ce ss iv e  

m oisture includes:

1 . a dark-gray or "black surface la y er  o f  organic m atter.
2. a gray or dra"b la y er  of sand or sandy loam, s l ig h t ly

or not a t  a l l  colored "by organic m atter.
3 . a la y er  contain ing maximum concentration  o f  c la y  and

maximum coherence or p la s t ic i t y ,  or one contain ­
ing maximum yellow  or "brown co lo ra tio n  and maxi­
mum cementation from iron  oxides.

k.  the substratum or parent m ateria l,

Newton sand i s  a s o i l  o f the w etter swamps, the water ta b le  

being on ly  s l ig h t ly  lower than that o f  peat sv;amps. The p r o f i le  i s  

characterized  by a 2 to 8 inch layer  o f  peat over a sand w ith  smoke- 

colored  or ru st-y e llo w  sp lotch ing. I t  i s  s tro n g ly  a c id  and covered  

w ith a vegetation  common to peats and mucks.

Saugatuck sand i s  a wet sandy type, w ith a  gray, sandy surface  

above a  ruBt-colored or brownish-black sandy hardpan. I t s  surface  

r e l i e f  i s  more or l e s s  a pit-and-mound con d ition . I t  i s  a c id  and 

supports a somewhat more mesophytic type of v eg eta tio n  than does 

Newton sand.

Ogemaw f in e  sandy loam i s  a wet land s o i l  ch aracterized  by a 

f in e  sand or sandy loam over an impervious c la y . The h eight o f  water 

tab le  i s  l e s s  than w ith the Nev/ton and Saugatuck s o i l s .  In the Cusino



area, red maple, balsam f i r ,  hemlock, and white spruce are among 

the most abundant tree  sp e c ie s  found on th is  s o i l  type although  

cedar does occur.

The organic s o i l s  of in te r e s t  to th is  problem exh ib it a  

considerab le range in  chemical and p h y sica l p ro p erties . Spalding  

peat i s  a tr a n s it io n  type from the open heath-bog type to the fo re sted  

type of organic s o i l s .  I t  i s  s tron g ly  a c id  and composed o f brown 

woody or spongy fib ro u s, slightly-decom posed m ateria l.

R if le  peat i s  an acid  brown, co a rse ly  granular or woody 

p eat. The surface 4  to 8 inches are more decomposed, darker co lored , 

and contain  more woody m ateria l than the underlying la y e r s . The l e s s  

decomposed woody peat and raw fib rou s peat are under the surface la y e r .  

I t  i s  covered with a fo r e s t  type v eg eta tio n  and i s  interm ediate in  

development between a Spalding peat and Carbondaie muck.

Carbondale peat or muck i s  the most productive type o f organic  

s o i l  in  th e region . I t  i s  a dark-brown, loamy or granular muck, 

l e s s  acid  than R if le  p ea t. The dark-colored s o i l  grades in to  a  more 

p eaty , l e s s  decomposed m ateria l a t  a depth o f 1 to 2 f e e t .

Kerston muck i s  confined  to the areas immediately adjacent to  

stream courses and i s  characterized  by an admixture o f  a lte r n a te  

la y ers  o f  organic m ateria l and a l lu v ia l  mineral d ep osits ,

Longrie loam overlieB  lim estone bed rock and occupies upland 

rid ges in  the swamps in  small acreages. Cedar occurs as an o ld  f i e ld  

type on Longrie loam. Figure b  i l lu s t r a t e s  a pasture in  western  

A lger county on Longrie loam that i s  revertin g  to a northern white 

cedar type.



Figure U-. Cedar seed lin g  reproduction, a p ortion  o f  which i s  

ind icated  "by the arrow, on a Longrie loam s o i l  type in  w estern Alger  

county. T his pasture i s  revertin g  to a pure stand o f cedar.



The presence o f peat s o i l s  in  the eastern  h a lf  o f  the Upper 

Peninsula i s  common. There i s  a to ta l  o f  666,112  acres o f  peat and 

muck s o i l s  in  the counties o f that se c tio n  o f the s ta te  that have 

"been surveyed (ta b le  l ) .

INITIAL REPRODUCTION 

Seedling C h a ra cter istics  and Development 

Methods

Morphological c h a r a c te r is t ic s  and seed lin g  development were 

observed throughout the course o f the experiments and incorporated  

into f i e l d  n o tes. At the beginning o f the study, i t  immediately 

became apparent that c r it e r ia  for  separation  o f northern white 

cedar seed lin g s from the other con iferous seed lin g s and herbaceous 

m aterial o f  the swamp f lo o r  would need to be found. Id en tify in g  

c h a r a c te r is t ic s  were arrived  a t  through standard taxonomic procedures.

Data on the change from ju v en ile  to adult fo lia g e , root 

growth and development, ra te  o f  top growth, root-top  r a t io s ,  and 

the in d ica tio n s  o f mycorrhizae were a lso  obtained through general 

f i e ld  observations.

R esults

Northern white cedar seed lin g s , in  th e ir  ear ly  years, are  

d istin g u ish a b le  from v eg eta tiv e  reproduction by the presence o f  

ju v en ile  lea v es  along the main stem. Juvenile lea v es  are o p p o site ly  

arranged and gen era lly  tend to form four v e r t ic a l rows on the young



Table 1. — Abundance and frequency of muck lands In the eastern  h a lf

o f the Upper Peninsular-1

•
•

•
•

Count;/- :
•
•

•
•

Percentage
muck

* •  * •

: S ections :
: contain ing :
: muck :
• • • •

Average muck 
acreage per 

section Zt

Acreage 
muck in  
county

Percent Percent Acres Acres

Alger 19.1 85.7 1 3 M 111,936

Chippewa 18.7 63 .^ 184.0 188 ,608

Luce 33.^ 85.7 243.3 195.392

Schoolcraft 22 .0 78 .6 176.5 170.176

Total 666 ,112

l /  Adapted from Harmer's ca lc u la tio n s  ( 28) and based on S o i l  Surveys 
in  counties that have been surveyed.

2 /  Based only on sectio n s contain ing muck.



stem as compared w ith an a ltern a te  or whorled arrangement o f ad u lt  

fo lia g e . Some seed lin g s  e s ta b lish  adu lt fo l ia g e  during the f i r s t  

year o f  growth; others that are  2 -y ea rs-o ld  have been found w ithout 

adult fo lia g e  formed as y e t . A 1 0 -year-o ld  seed lin g , twenty s ix  inches  

high, was found w ith  ju v en ile  fo l ia g e  s t i l l  present on two sm all bran­

ches near the base o f the stem. However, in  gen era l, the ju v e n ile  

fo lia g e  i s  no lon ger present a t th is  age. Reversion o f fo lia g e  to  

the ju v en ile  form in  sap lin gs and p o le s  has been noted but i s  rare.

Previous to the formation o f adu lt fo lia g e ,  northern w hite  

cedar seed lin g s are somewhat d i f f i c u l t  to d is t in g u ish  from other  

sv/amp co n ifer  see d lin g s . Figure 5 i l lu s t r a t e s  cedar seed lin g s  both  

with and without adu lt fo lia g e . Figure 6 provides a  comparison 

between cedar, balsam f i r ,  and spruce seed lin g s . The fo llo w in g  

d istin g u ish in g  c h a r a c te r is t ic s  have been noted:

Horthem w hite cedar: 2 cotyledons; ju v en ile  lea v e s
op p osite , the h~row c h a r a c te r is t ic  being recog­
n iza b le  in  the m ajority o f  seed lin g s; ea r ly  lea v es  
approximately 3 / l6  inch  in  len gth , sharply pointed .

Balsam f i r :  k  la rg e  primary lea v es  with a  whorled to
a lte r n a te  arrangement; whitened ■undersurface o f  
l e a f  w ith prominent midrib; early  lea v es  approximate­
l y  6 / l6  inch  in  len g th , blunt a t the t ip  (ob tu sely  
p o in ted ).

Spruce: early  lea v es  whorled, needle-shaped, sharply
poin ted .

LeBarron (37) has developed a method o f d istin g u ish in g  

black spruce seed lin gs from w hite spruce seed lin g s . However, in  

view o f  the fa c t  that h is  method i s  not ab so lu te  but based on a  

population estim ate, no d is t in c t io n  v&b made in  th is  study.



Figure 5» Northern w hite cedar seed lin g  reproduction. Note 

the seed lin g  without adult fo lia g e  that is  above and to the r ig h t o f  

the Beedling w ith  adult f o l ia g e .



Figure 6 . L eft to r ig h t— spruce, northern white cedar, and 

halssm f i r  se ed lin g s . (Photograph hy Mary Jayne H a llifa x , Munising, 

Mich.) . .



Exposed to adverse co n d itio n s , seed lin g s  have th e a b i l i t y  to 

reproduce by branch la y er in g  when approximately f iv e  years in  age* A 

cedar seed lin g , ?•& inches in  h e ig h t, was found w ith  two s id e  branches 

developing as le a d e r s . They were p a r t ia l ly  covered w ith  sphagnum and 

ev id en tly  had recen tly  assumed an upright p o s it io n , thus reducing the  

p o s s ib i l i t y  of being smothered by the sphagnum. The lea d ers thus form­

ed were A.6 and 6 ,2  inches in  h e ig h t.

Development o f a  tap root during the f i r s t  sev era l years seems 

to  be inherent in  the sp e c ie s . This tap root system i s  soon replaced  

by a fib rou s system in  swamps, however. An example was found o f an 

e ig h t-y ea r-o ld  seed lin g  th at had a  fib rou s root system w ith  a  group 

o f  f iv e  major ro o ts  com prising the main support o f the stem; adventi­

t io u s  brace roots had a lso  formed on the stem and served as an aid  

in  support. The m ajority o f roo t-top  r a t io s  in  1 - to  S -year-o ld  

Beedlings f e l l  between 1*25 and 3»00* The h ig h est ro o t-to p  r a t io s  

were found in  a rotter, vood medium.

Abnorm alities in  the root h a irs  o f  cedar seed lin g s  were noted  

although no mycorrhizae were found and in d ica tio n s  o f  the freq u en tly  

branched ectotroph ic type (57) were not encountered. Eor the most 

p a rt, the abnorm alities co n sisted  o f very th ick  root h a irs  w ith  a 

pronounced bulbous con d ition  at the t ip .

The lack  o f  mycorrhizae i s  in  agreement w ith th e  l i t e r a tu r e .  

Moore (A3 ) found that northern w hite cedar i s  the only northeastern  

co n ifer  that does not have .mycorrhizal fungi in  i t s  r o o ts . He did  

note — to a very lim ite d  extent — that northern w hite cedar has a 

f in e  b r i s t ly  or filam entous growth u n lik e  the mycorrhizae that are 

c h a r a c te r is t ic  o f  other c o n ife r s .



Observations o f  cedar seed lin g s  in  Upper Michigan in d ic a te  th at  

there i s  very l i t t l e  d iffe re n ce  in  th e ir  development in  t h is  geogra­

phic region and in  Maine as observed by C urtis ( l 6 ) .  However, C urtis  

in d ica te s  that young seed lin g s  may have 2 or 3 co ty led on s. No seed­

l in g s  w ith  3 cotyledons were found in  t h is  study.

Survival and M ortality  

Methods

I t  was noted during the f a l l  o f  19^6 th a t cedar had a  very suc­

c e s s fu l seed  year in  the Cusino area. In the summer o f 19^7» consider­

able cedar seed lin g  reproduction was found along w ith  the usual 

v e g e ta tiv e  reproduction.

Ebur m ilacre p lo ts  were la id  out ea r ly  in  the growing season  

o f  19^7 on a  B if le  peat s o i l  type to determine the amount o f  cedar re­

production, i t s  subsequent su r v iv a l, and the fa c to r s  causing i t s  mor­

t a l i t y .  Three o f th ese  were fenced  w ith  chicken w ire and one was l e f t  

open. One o f  the exclosu res i s  shown in  f ig u r e  7* 2he s i t e s  fo r  the  

in d iv id u a l p lo ts  were o r ig in a lly  s e le c te d  on the b a s is  o f varying de­

grees o f  l ig h t  in te n s ity  and d en sity  o f  ground cover.

The to ta l  reproduction w ith in  the p lo ts  was t a l l i e d ^ / .  The 

cedar seed lin g  and v e g e ta tiv e  reproduction was marked w ith w ire p egs. 

M ortality  counts were made at p er io d ic  in te r v a ls . The amount o f  mor­

t a l i t y  as w e ll as i t s  probable cause were a scerta in ed . P lo t d escr ip ­

t io n s  fo llo w .

lZ.The reproduction present a t the time o f  p lo t  establishm ent has been 
designated  "19^7 reproduction". The amount present previous to the 
summer o f  19^7 i s  unknown.



Figure 7 . I l lu s tr a t io n  o f the type exclosure esta b lish ed  

to study amount o f cedar reproduction, i t s  surv iva l, and causes o f  

m orta lity .



P lot 1 * An exclosure lo ca ted  In mature cedar w ith  some balsam  
in  the canopy* Browse l in e  a t 10 fe e t*  Ground cover composed o f  a  
mo s s-gras s- 8 edge-vio1et-b  edstraw complex*

Type o f  Reproduction Number o f  stems
Cedar (seed lin g ) 191
Cedar (v eg e ta tiv e )  0
Spruce k
Balsam f i r  13
Bed maple k

P lo t 2* An unfenced p lo t  lo ca ted  in  mature cedar* Canopy was 
composed o f  cedar-spruce-balsam* Ground cover e s s e n t ia l ly  moss*

Type o f  Beproductlon Number o f  stems
Cedar (seed lin g ) 7k
Cedar (v eg e ta tiv e ) 0
Spruce 3
Balsam f i r  21
Bed maple 6
Black ash 1

P lot 3m An exclosu re lo ca ted  in  an area  o f  mature cedar* Im­
mediate canopy was a l l  cedar* Ground cover o f  sedge-grass-m oes tend­
ed to predominate*

Type o f  Beproductlon Number o f  stems

Cedar (seed lin g ) 68
Cedar (v eg e ta tiv e )  1
Spruce 2
Baleam f i r  11
Bed maple 3

P lot 4 * An exclosure in  a  sm all natural opening in  a mature 
cedar stand* Heavy ground cover composed o f grass-oedge-m oss* The 
l ig h t  in te n s ity  in  t h is  p lo t  was 2 to 3 tim es greater than th a t in  
P lo ts  1 , 2 , and 3*

Type o f  Beproductlon Number o f  stems
Cedar (se ed lin g ) 29
Cedar (v eg e ta tiv e ) 5
Bed maple 5
Black ash 1

In ad d ition  to the p lo ts  Just d escribed , three other unfenced, 

m ilacre p lo ts  were esteib lish ed , two in  commercial cu ttin g s  and one on 

a sm all lim estone rid ge in  a  swamp* P lo t d escr ip tio n s follow *



P lot 5* Located in  a  commercial c u tt in g  made during the w inter  
of 1946-47* Cover wae composed of cedar-balsam -spruce-low land hard­
woods* Ground cover l ig h t  and e s s e n t ia l ly  moss w ith Labrador te a ,  
Joe-Pye weed, and Bubus sp e c ie s .

True o f  Benroduction Number o f  stems
Cedar (seed lin g ) 5*
Cedar (v eg e ta tiv e )  9
Spruce 7
Balsam f i r  4-6
Bed maple 27

P lo t 6 . Located in  a  lim estone outcropping (Longrie loam) in  
which the surface s o i l  was removed fo r  road f i l l  (1922-23)* Canopy 
none —  e n t ir e ly  open and unshaded. Ground cover sparse and c o n s is t s
of g r a ss , sedge, h o r s e ta i l ,  yarrow, strawberry, and willow*

Type o f Beproduction Number o f stems
Cedar (seed lin g ) 20
Cedar (v e g e ta tiv e )  0
Spruce 8
Balsam 8
White b irch  8

P lot 7* Located in  an area s e le c t iv e ly  cut during th e w inter  
of 1946-47* Canopy composed o f  cedar-spruce-balsam -lovland hardwoods. 
Ground cover bedstraw-m oss-grass-sedge*

Type o f Beproductlon Number o f  stems
Cedar (seed lin g ) 28
Cedar (v eg e ta tiv e )  0
Spruce 4
Balsam f i r  37
Bed maple 7
Black ash 2

Be s u it s

The lo s s  o f  seed lin g s  during and between three growing seasons  

fo llo w s a constant trend (fig u re  8 ) i f  the p lo ts  are considered  in  

to to * D if fe r e n t ia l  m orta lity  - -  both as to tim e o f occurrence and 

the amount o f  m orta lity  - -  occurred between th e  various p lo ts  ( ta b le  

2 ) .

Although expressed in  sm aller numbers, counts o f  the 1948
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The September 19^8 c a lc u la tio n  o f the percentage su r v iv a l i s  
based on on ly  f iv e  m ilacre p lo t s .



Table 2. — S eed lin g  reproduction t a l l i e s  fo r  three growing seasons

In esta b lish ed  p lo ts

( in  in d iv id u al stems)

P lot
Date

Ju ly  : 
1947 :

Oct. :
1947 :

J u ly  : 
1948 :

Sept.
1948

: May : 
: 1949 :

Ju ly  : 
1949 *

Sept.
19^9

1 191 190 159 156 148 142 138
2 74 72 64 63 59 53 52
3 68 65 47 46 41 33 30
4 29 25 20 20 20 18 17
5 51 45 37 — 13 10 7
6 20 20 15 15 15 14 13
7 28 27 21 —* 7 3 3

T otal 461 444 363 — 303 273 260



seed lin g s showed e s s e n t ia l ly  the same trends in  lo s s  a s  did th e counts 

on the 19^7 seed lin g s  (ta b le  3)* Tlle h ea v ie st  m o rta lity  was in  P lo ts  

5 and 7 , the p lo ts  lo ca ted  in  com mercially cut areas th a t were cut by 

a s e le c t iv e -c u tt in g  method (ta b le s  2 and 3 )*

D if f ic u lty  was encountered in  determ ining accu rate ly  th e  causes 

o f  in d iv id u a l cases o f  m orta lity  o f northern w hite cedar seedlingB*  

O bservations, coupled w ith a  knowledge o f  the c lim a tic  co n d itio n s , 

were the on ly  to o ls  ava ilab le*  One o f th e  c h ie f  problems encountered  

stemmed from th e fa c t  th at the fo lia g e  o f  northern w hite cedar did  

not show s ig n s  o f in ju ry  or death u n t i l  q u ite  some tim e a fte r  th e  

causal agent had a c ted ^ *  The e f fe c t  o f  Bnowshoe hare and rodent 

browsing are d iscu ssed  elsewhere in  t h is  d is s e r ta t io n  and are n ot in ­

cluded here in  view o f the fa c t  that on ly  a  p ortion  o f  the p lo t s  were 

exclosures* In view o f the d i f f i c u l t i e s  in volved , th e  causal agent 

o f only 3  ̂ percent out o f the 212 m o r ta lit ie s  recorded was determined*

By fa r  the g rea test  amount of seed lin g  m o rta lity  was caused by 

desiccation *  In many in sta n ces , seeds germinated during the wet 

spring season on the top o f  stumps or lo g s  w ith  very l i t t l e  decay, in  

the th in  la y er  of l i t t e r  covering brace r o o ts , in  clumps o f moss that 

la te r  dried  up, or on the swamp f lo o r  in  areas th at la t e r  became 

desiccated*

Late frostB  were found to k i l l  seed lin gs*  A f r o s t  occurred  

on June 8 , 19^9» during which the a ir  temperature immediately above 

the surface o f the swamp f lo o r  was recorded at 2^*0° F* This fo llow ed

3J A seed lin g  removed from the swamp f lo o r  in  i t s  natural media and 
placed in s id e  without w atering was s t i l l  green a fte r  a  3-week period* 
It was d e f in it e ly  d esicca ted , however* LeaveB were b r i t t l e ,  drooi^* 
in g , and curled  but there was no appreciable lo s s  in  color*



Ta"ble 3 . — Seedling reproduction t a l l i e s  fo r  tv;o growing seasons

in  esta b lish ed  p lo ts  

( in  in d iv id u a l stems)

Date
P lot

Aug. : 
19W :

Sept. : 
19^8 :

May : 
19it9 :

Ju ly  : 
19^9 :

Sept.
19it9

1 16 16 16 16 lit
2 3 3 3 2 2
3 2 2 2 1 1
it 1 1 1 1 1
5 it it 2 1 0
6 2 2 2 2 2
7 7 7 3 3 1

Total 35 35 29 26 21

Percent
Survival 100.0 100.0  8 2 .8  7^.3 60 .0



approximately a month o f  f r o s t - f r e e  weather* A p lo t  t a l l y  in  July in ­

d ica ted  m orta lity  caused by f r o s t .  Examination of th e  p lo ts  on 

November 14, 1949, showed no in d ica tio n s  o f f a l l  f r o s t  as a  fa cto r  in  

m o rta lity .

Boot rot was observed to be a  le th a l  fa c to r  in  seed lin g  north­

ern w hite cedar. Although no is o la t io n s  o f pathogenic organisms were 

made, appearances o f some seed lin g s  in  the swamp, e s p e c ia lly  those on 

the swamp f lo o r  proper, in d ica ted  th at the ro t was a  post-emergence 

damping o f f  or a very early  root r o t . A dark le s io n  com pletely sur­

rounding the seed lin g  stem that appeared from varying d ista n ce  above 

the ground surface to  the ends o f the root system was noted. This 

fa cto r  undoubtedly caused a con siderab le number o f the deaths c la s s i ­

f ie d  in  th e "unknown" category but the cause o f m o rta lity  was not 

d e f in it e  enough to c la s s i f y .

The cause o f  m orta lity  designated  as " l i t t e r  and duff" i s  in  

need o f exp lanation . Cedar seed lin g  growth i s  extrem ely slow .

Coupled w ith  th is  i s  the fa c t  that la rg e  cedar does not Bhed i t s  in d i­

v id u al lea v es  but the a b sc iss io n  la y er  forms between branch stems and 

small b ren ch lets (c la d o p to s is ) . Thus, i f  a  s in g le  branchlet or sever­

a l  branchiate happen to f a l l  upon a sm all seed lin g , the seed lin g  

covered w ith  l i t t e r  i s  forced in to  a  p o s it io n  p a r a lle l  to the swamp 

f lo o r  and even tu a lly  k i l l e d .  The d i f f i c u l t y  a r ise s  in  f in d in g  the 

remains o f  the seed lin g  fo llo w in g  m ortality*

I t  i s  suspected that th is  cause o f m orta lity  ( " l i t t e r  and duff" ) 

i s  la r g e ly  lim ited  to swamp stands con ta in in g  cedar although i t  may 

express i t s e l f  on other coniferous seed lin g s a ls o .  C ladoptosis i s  

p ecu liar  to cedar alone o f the Lake S ta tes  swamp co n ife r s  w ith  which



we must contend* She hardwood l i t t e r  was not observed to he as s ig n i­

fican t a  factor as the cedar branches in  m ortality  o f th is  type*

Seedlings were found with poorly developed root systemB which 

had fa ile d  to branch out. In Borne ca ses , the development of the root 

systems was p h ysica lly  d i f f ic u lt  due to the type of medium upon which 

the seed germinated. This was e sp ec ia lly  true when the germinating 

medium chanced to be a log  or stump with l i t t l e  decay.

Competition i s  a lso  a  cause o f  seed lin g  m o rta lity . In the  

p lo ts  under observation  during the 3 growing season s, com petition  from 

grass was predominant. Grass growth would com pletely surround the 

se ed lin g , thus causing i t s  death towards the la t t e r  p ortion  o f the 

growing season .

Another type o f com petition th a t was not encountered in  th ese  

p a rtic u la r  p lo ts  due to the lack  o f i t s  presence w ith in  the study  

p lo ts  i s  com petition from sphagnum. As p rev iou sly  s ta te d , cedar seed­

lin g s  are e sp e c ia lly  slow growing, slow er growing than the accumula­

t io n  of sphagnum which may smother the se e d lin g s . O bviously, th is  

fa cto r  does not express i t s e l f  on the whole o f  the seed lin g  popular 

t io n  but only  in  areas o f  heavy sphagnum growth. Sphagnum grows much 

more rap id ly  in  the open than in  the shade and the com petition be­

comes more n o ticea b le  under the open co n d itio n .

The r e la t iv e  amounts o f m orta lity  that the various causes were 

resp on sib le  fo r  in  P lo ts  1 , 2 , 3* &nd 4  —  ex c lu siv e  o f  snowshoe hare 

and rodent browsing — are as fo llow s:



Percentage
Cause m orta lity

D esiccation  38*5
Spring f r o s t s  19*2
Boot r o t  15*^
L itte r  and duff 11*5
Poorly developed root system 11*5
Competition from grasses  3*9

Total 100*C

Including rodent and snowshoe hare browsing as a  m orta lity  

fa c to r , the percentage m orta lity  caused by a l l  fa c to r s , known and un­

known, for  P lo ts  1 , 2, 3 , and i s  as fo llo w s i

Percentage
Cause m o rta lity

Bodent and snowshoe hare 8*5
browsing

D esicca tion  7*2
Spring fr o s t
Boot r o t  2«9
L it te r  and d u ff 2*2
Poorly developed root system 2*2
Competition from grasses 1*1
Unknown 72*3

Total 100.0

I t  should be re a liz e d  that rodent and snowshoe hare browsing as 

a cause o f  m orta lity  i s  much e a s ie r  to d e f in it e ly  a scer ta in  than the  

other fa c to rs  enumerated* I t  i s  undoubtedly a  more r e l ia b le  estim ate  

o f  m orta lity  than are the other va lu es obtained*

In the p lo ts  that are lo ca ted  in  the commercially cut areas 

(P lo ts  5 and 7)* the m orta lity  caused by d es icc a tio n  was approximately 

63*8 percent o f  the to ta l  m o rta lity . The areas upon which th ese  

p lo ts  were lo ca ted  were found to be dry during the la t e  summer and 

f a l l  o f 19 8̂ * the period during which most o f the m orta lity  occurred* 

I t  i s  p o ss ib le  that some o f  the m orta lity  c la s s i f i e d  as caused by 

d esicca tio n  might have been caused by sunscald . However, there seemed



to toe enough canopy l e f t  In th e general v ic in i t y  o f  the p lo ts  to pre­

clude th is  p o s s ib i l i t y .

T a ll ie s  made fo r  sh orter  p er io d s, i . e .  one and two growing 

season s, on other p lo ts  in d ica ted  th a t the same causes o f  m ortal­

i t y  occur as were p rev io u sly  mentioned and in  atoout the same propor­

tions*

The fa c to r s  a f fe c t in g  m o rta lity  o f  cedar seed lin g s  have re­

ceived  l i t t l e  a t te n t io n  in  the Lake S ta te s . I t  i s  r e a liz e d  th at the 

r e s u lt s  o f  th is  study are in d ic a t iv e  on ly  o f  the study area and th a t  

the importance o f  each fa c to r  w i l l  vary w ith lo c a t io n .

Montgomery (4-2) has t a l l i e d  seed lin g  reproduction toy s in g le  

years in  1 -  to 8-y e a r -c la s s e s  in  a Maine study. He has thus provided  

an in d ir e c t  measure o f  m o r ta lity . His observations in d ic a te  that  

m orta lity  o f  seed lin g s  approaches 100 percent in  f i v e  yea rs .

D esicca tion  as a  fa c to r  in  cedar seed lin g  m o rta lity  has been 

recognized  toy C urtis (16) although he does not attempt to estim ate  

i t s  r e la t iv e  importance. He a lso  concedes that nthere i s  strong ev i­

dence that 1-  and 2-y ea r -o ld  cedar seed lin g s  may s u f fe r  f a t a l ly  from 

l a t e  spring fr o s ts" .

Types o f Beproduction  

Methods

I t  has lon g  been known th at northern w hite cedar i s  ab le  to  re­

produce v e g e ta t iv e ly  as w e ll as toy seed . The nurseryman has found 

cu ttin g s  to toe a sa t is fa c to r y  method o f  propagating cedar commercial­

l y .  However, l i t t l e  i s  known atoout the s p e c if ic  n aturel means of



v e g e ta tiv e  reproduction and th e ir  r e la t iv e  abundance in  cedar stands* 

Hawley ( 29) l i s t s  three types o f  v e g e ta tiv e  reproduction that may be 

e f fe c t iv e  in  e s ta b lish in g  or renewing a fo r e s t :  sprouts from the

stvunp or from the ro o ts  (root su ck ers), c u tt in g s , and layering* Pre­

lim inary observations were lim ite d  to c la s s i f ic a t io n  in to  th ese  

categories*  L ater, i t  was p o ss ib le  to  fu rth er  subdivide the c la s s e s  

according to th e apparent cause or method involved*

A cru ise  o f twenty l/lO O th acre p lo ts  was made to determine 

the number o f  stems f a l l in g  in to  each category th at was estab lished*  

This n e c e ss ita te d  a  c r i t i c a l  examination o f the root system o f  each  

stem* She p lo ts  were loca ted  in  such a  manner th at c u ttin g  had occur­

red in  ten  o f them*

Some d i f f i c u l t y  was experienced in  determ ining the o r ig in  o f  

the la rg er  stems* A lim it  o f  8 f e e t  in  h eigh t was used in  an e f fo r t  

to obtain  important data w ith in  th e realm o f  d esired  accuracy* A 

lower lim it  o f  2 f e e t  was estab lished* A c la s s i f ic a t io n  designated  

"unknown v eg e ta tiv e  type" was a lso  e s ta b lish e d  to in clu d e stems which 

did not d e f in it e ly  belong in  any o f  the s p e c if ic  c la sses*

B esu its

Small seed lin gs can be d istin g u ish ed  from v e g e ta tiv e  typ es, in  

most ca ses, by the presence o f  Juvenile leaves* Cases are found o f  

v eg e ta tiv e  shoots revertin g  from adult to  Juvenile fo lia g e  but are 

u su a lly  a sso c ia ted  w ith  rodent browsing*

Several methods o f layerin g  were noted* There i s  a  natural 

tendency fo r  the lower cedar branches to droop towards th e fo r e s t  

floor*  The weight o f the fo lia g e  together w ith  the weight o f snov and



ic e  fo rces  some 'branches in to  contact w ith  th e swamp flo o r*  I t  i s  ap­

parent that rap id ly  growing sphagnum b eds b u ild  upward in  some cases  

and thus engulf the branches* Duff and l i t t e r  cover many o f  the  

branches in  con tact w ith  the swamp floor*  These p ro cesses a l l  tend to  

provide a  moi3t medium around the branch th at i s  favorab le fo r  the  

development o f a d v en titio u s roo ts  from the trach ea l rays o f  the stem  

and thus the form ation o f  new in d iv idu als*  Shis method o f la y er in g  

has been designated  "branch la y e r in g 11* Sigure 9 i l lu s t r a t e s  t h is  type 

o f  v eg e ta tiv e  reproduction*

A Bingle branch may be covered a t  sev era l p o in ts  by m oist media 

and s ta r t  form ation o f ad ven titiou s roo ts  a t a l l  o f  th ese  points* Be­

cause o f  the u t i l i z a t io n  o f low branches in  t h is  type o f  reproduction, 

i t  fo llo w s th at th is  means o f reproduction i s  most prevalent in  the  

v ic in i ty  o f  stems o f  th e lower age c la sses*

Layering a lso  occurs in  conjunction w ith  broken or severed  

branches that are in  contact w ith  the swamp floor*  (This contact may 

bo made as a r e su lt  o f wind-breakage or logging* In th ese  ca se s ,  

the stems are not dependent upon th e root system o f  the parent tree  

but must form a root system o f  th e ir  own by branch layering* Two ca te ­

gories were esta b lish ed  for  th ese  means o f v e g e ta tiv e  reproduction, 

"layering from windthrow" and " layering from logging"*

Vindthrows a lso  produce v e r t ic a l  steme in  a  manner somewhat 

d iffe r e n t than th at p rev io u sly  d escr ib ed . In many ca ses , th e  branches 

of windthrows e ith e r  continue to grow upward or assume a v e r t ic a l  

p o s it io n , ob tain ing water and n u tr ien ts  from the p ortion  o f the root  

system o f the parent stem that i s  s t i l l  in  the ground* An example o f



Figure 9 . Branch la y er in g . The stem held  in  the r ig h t hend 

has become imbedded in  sphagnum, thus provid ing a m oist medium fo r  

the branch held  in  the l e f t  hand. A dventitious roo ts  have formed on 

the branch and a new in d iv id u a l e s ta b lish ed .



t h is  type o f  reproduction!/w as found in  which th e  parent cedar stem 

(3 inches d.b#h#) had f a l le n  and s ix  o f  i t s  "branches had formed up­

r ig h t  stems (fig u r e  10)• The o ld  root system supported a l l  th ese  

stems# Three o f the stems are now 1 inch  d .b .h . ,  one stem i s  2 inches  

d#b#h#, and two stems are 3 inches d .b.h# The d esig n a tio n  "windthrow" 

has been g iven  t h is  type o f growth#

Natural c u ttin g s  are d i f f i c u l t  to  trace  p o s i t iv e ly  to th e ir  

orig in# However, d e f in it e  examples o f  th is  type o f  reproduction were 

found# The f i r s t  example o f  th is  type was found in  the Upper Penin­

su la  Experimental F orest, Dukes, Michigan# A stem o f v e g e ta tiv e  re­

production was formed by rabbit c u ttin g , the c u tt in g  f e l l i n g ,  being  

p a r t ia l ly  covered w ith  d u ff , and rooting# In t h is  in sta n ce , e ig h t  

branch ro o ts  were formed# Several s im ila r  examples have been found 

since#

No cases were found o f s to o l sprouting or o f root suckering# 

Iso la ted  cases  o f  form ation o f coppice shoots on stumps were found 

but they showed no in d ica tio n  o f development to a  degree that might 

be c la s s e s  as a stem o f reproduction# Cases were found in v o lv in g  

"topped"!/ stems in  which the la te r a ls  took over as a leader# How­

ever, th is  probably should be c la s s i f i e d  as a  transform ation rather  

than a  means o f reproduction in  th at no in crease  in  the number o f  

stems resulted#

!/jtore  o f a  transform ation that true reproduction; but fo r  purposes 
o f th is  study c la ssed  as a type o f v e g e ta tiv e  reproduction#

" T h e term "topped" r e fe r s  to a tree  that has had i t s  main stem cut 
or broken a t a  point that i s  above the usual h eigh t o f  cutting#



Eigure 10. I l lu s t r a t io n  o f v eg e ta tiv e  reproduction formed 

from a windthrow. The sap lin g  stems have developed v e r t ic a l ly  

from branches on a windthrown tr e e .



S eed lin gs, 'branch la y e r s , and stems o r ig in a tin g  from vindthrow  

accounted for over 90 percent o f the reproduction (ta b le  4 ) .  Approxi­

m ately 80*9 percent o f the v e g e ta tiv e  reproduction was caused by 

la y er in g  o f one type or another*

There waB no s ig n if ica n t d ifferen ce  between the abundance o f  

the various types of vegeta tive  reproduction in  the p lo ts  w ith cu ttin g  

and the p lo ts  without cu ttin g  (tab le  5)<» The obvious exception i s  in  

the category "layering from logging"*

I t  should be re-emphasieed that the p lo ts  sampled in  determin­

ing the types o f  reproduction were lo ca ted  on organic s o ils *  Obser­

vation s have in d ica ted  that the re la tio n sh ip s  expressed here between  

the various types o f reproduction do not hold  on the s o -c a lle d  "old- 

f ie ld "  types in  Upper Michigan* The reproduction i s  predominantly 

o f seed lin g  o r ig in  in  th ese  stands*

Curtis (1 6 ) mentions three types o f  v e g e ta tiv e  reproduction

by:

1* layering*

2* tops and branches o f  thrown trees  th a t develop root 
systems*

3* thrown or p a r t ia l ly  thrown stems when the uppermost 
branches from them begin to  grow v e r t ic a l ly  in  th e ir  
new p o s it io n  even though the stem o f the treo  may 
not be in  contact w ith  the fo r e s t  floor*

Moot o f  the types e s ta b lish ed  in  t h is  study could be c la s s i f i e d  tinder 

the same ca teg o r ies; la y er in g  from windthrow and la y er in g  from 

logg in g  end would thus f a l l  in to  th e  c la s s i f ic a t io n  "tops and 

branches o f  thrown trees  develop root systems"* He does not mention 

natural cu ttin g s  as a  means o f  v eg eta tiv e  reproduction* Montgomery 

(42) has evidence o f  root sprouting and stump sprouting* These 

types o f reproduction were not o f consequence in  t h is  study.



Table 4 . — Types o f cedar reproduction on a swamp s i t  ©='

•
•

Type :
•
•

Number o f  stems : Percentage

Seedling 108 2 0 .0
Branch la y er in g 326 6 0 .4
Layering from windthrow 14 2 .6
Layering from logg in g 9 1 .7
Windthrow 58 1 0 .7
N atural cu ttin g s 1 0 .2
Unknown v e g e ta tiv e  

types
24 4 .4

T otal 540 1 0 0 .0

l /  Based on t a l l i e s  o f cedar 2 to 8 f e e t  in  height in  twenty 
l/lOO acre p lo t s .



Tahlo 5 . — R ela tiv e  amounts o f  v e g e ta tiv e  reproduction In 10

• p l o t s  w i t h o u t  c u t t i n g  and 10 u l o t B  w i t h  c u t t i n g

«
t

Type ‘
•
•

•
«

Treatment

Without Cutting : With C utting
Percent Percent

Branch layerin g 74.2 7 7 .4
Layering from windthrow 3 .0 3 .6
Layering from logging 0 .0 5 .3
Windthrow 16.7 8 .3
Ne.tural cu ttin g s 0 .4 0 .0
Unknown v eg eta tiv e 5 .7 5 .^

types

T otal 1 0 0 .0 1 0 0 .0



Kaki (^ l) , working in  Minnesota, f e e ls  that the proportions 

o f seed ling and vegeta tive  reproduction i s  governed prim arily hy the 

type o f seed bed. He concludes that under dense, mature cedar stands, 

seed ling reproduction i s  dominant due to the slow growth o f sphagnum 

and sparBeness o f herbaceous cover, thus providing l i t t l e  in terference  

with seed lin gs. With a fa ir ly  dense sphagnum mat, layers are domi­

nant due to smothering o f seed lings by the sphagnum mats. In cut­

over areas, sphagnum u su a lly  resumes growth with renewed vigor but 

both seed lings and layers are common.

Observations in  the Upper Peninsula o f Michigan do not concur 

with these r e su lts  o f Maki in  th e ir  en tire ty  and the heavy emphasis 

on type of seedbed as the determing factor  i s  thought to be misplaced. 

It i s  agreed that dense, mature stands produce predominantly seed­

l in g  reproduction but i t  i s  for  the reason that branch layering i s  

the principal type o f vegetative reproduction and that the lower 

branches in  a dense, mature stand have been self-pruned long since; 

th is  does not allow for  the formation o f  branch la y ers . It i s  agreed 

that sphagnum aicfc branch layering but i t  i s  f e l t  that the age o f the  

stand and the sev er ity  of cu ttin g  i f  i t  has occurred are the dominant 

influences in  determining the type of reproduction that w il l  be 

present.

In other stud ies concerned with the proportion of seed ling  

reproduction to vegetative reproduction, Curtis (l6 ) reports that re­

juvenation o f  swamp cedar in  Maine i s  mainly through vegetative pro­

pagation and the number o f stems orig inating  through vegetative means 

i s  probably large in  comparison with the number orig inating  from 

seed. This, in  e f f e c t ,  i s  sim ilar to the resu lts  in Upper Michigan.



Ihvironmental Factors A ffec tin g  I n i t i a l  Beproduction

Laboratory Studies  

Seed V ia b ility

Cones were c o lle c te d  during the f a l l  o f  19*4-8 from two owamp 

etande in  the Upper Peninsula o f  Michigan and a ir-dried*  The seed  

was extracted  by s ie v in g  and p laced  in  co ld  storage* Standard germi­

n ation  t e s t s  were run using P e tr i p la te s  and f i l t e r  paper*

Further seed was obtained from a  commercial seed  source; i t  

had been c o lle c te d  in  Door County, Wisconsin* Germination percent­

age was again  ca lcu la ted  fo r  th e f i e l d  run seed* S e lec tio n s  o f  

w e l l - f i l l e d ,  h ea lth y  appearing seeds w ere made and germ ination t e s t s  

conducted* The r e s u lt s  o f a l l  germ ination t e s t s  were then computed 

on percentage bases to determine v ia b il i ty *

Germination was determined from B a ld w in s standard (5 )* Hie 

d efin es  germ ination as having occurred a t  the time that th e t ip  o f  

the ra d ic le  has elongated fo r  enough beyond the seed coat to  show a  

normal growing t ip  and g ives in d ic a tio n s  o f  develop ing in to  a  h ea lth y  

seedling*

Germination from 19*46 seed  c o lle c te d  in  swamp stands in  the  

Upper Peninsula in d icated  approximately 3*0 percent germ ination o f  

f i e l d  run seed* Germination approximated 9*0 percent on seed ob­

ta ined  from Door County, W isconsin. By s e le c t in g  only  w e l l - f i l l e d ,  

healthy appearing seeds from t h is  l o t ,  germination was increased  to

80 .0  percent under optimum conditions*

Several methods o f approach in clu d ing  B orstian 's  procedure on 

southern w h ite  cedar (32) were u t i l i z e d  in  an attempt to determine



the amount o f  v iab le  seed per u n it o f fo r e s t  f lo o r , hut none o f the 

methods proved sa tisfactory*  Germination counts on m ilacre p lo ts  

gave the only ind ication  that could he obtained o f the number o f  viar* 

Die seeds* Throughout the course o f the study, the h igh est germina­

tion  on an acre b a s is i /  was 4-27,000 seed lin gs w ith counts above

150,000 seed lings per acre q u ite  common* T a llie s  and observations 

showed that a sa tis fa c to ry  amount o f  v ia b le  seed was present in  the 

areas studied*

Light

A study of the e f fe c t  o f l ig h t  on seed germination was i n i -  

tiated* Preliminary t e s t s  under conditions of f u l l  sunlight and f u l l  

darkness were follow ed by a aeries o f f u l l  su n ligh t, f u l l  darkness, 

end p a r tia l sunlight* Pour rep lica te s  of 100 seeds each were used in  

the la t te r  tests*

Three layers o f m oist f i l t e r  paper were placed in  P etr i d ishes, 

the f i l t e r  paper serving as germinating media* The p la te s  were sea l­

ed with Scotch tape to prevent moisture loss*  Water was added as 

necessary*

A sim ilar se r ie s  was wrapped with a heavy sheet o f  black paper, 

sealed , and then covered w ith a wrapping o f white paper* These 

wrappings were removed only long enough to obtain germination counts 

and to add water* The p a r tia l sun light se r ie s  was constructed in  the 

same manner as the f u l l  sunlight series*  However, i t  was placed in

\

l /  Most o f the counts were on a m ilacre b a s is  and expanded to an acre 
baois for comparison with the r e su lts  o f  other workers*



p a r t ia l  l ig h t  cond itions*  The mean fo o t  candle power fo r  the p a r t ia l  

l ig h t  r e p lic a te s ,  obtained from a a e r ie s  o f  s ix  random readings during  

d ay ligh t hours, was 76.3# Germination was checked sem i-w eekly.

Germination under p a r t ia l  l ig h t  con d ition s appears to  he b e tte r  

than germ ination in  th e dark, from the standpoint o f  v igor o f  germina­

tio n  and ra p id ity  o f  germ ination (ta b le  6 ) .  There was no s ig n if ic a n t  

d iffer en c e  in  t o ta l  germ ination between p a r t ia l  l ig h t  and darkness. 

F u ll su n ligh t in h ib ited  germination*

A cid ity

F ive r e p lic a te s ,  each c o n s is t in g  o f  IOC se le c te d  seed s, were 

adjusted to pH in te r v a ls  o f  one u n it  from 3*0 to 8*0 w ith i n i t i a l  

d ev ia tio n s not greater than one-tenth  pH u n it  to determine th e e f ­

f e c t  o f  pH upon seed germ ination. D ifco standard agar at a  concen­

tra tio n  o f 20 grams per l i t e r  o f water was adjusted w ith  n i t r ic  acid  

and sodium hydroxide to obtain  the d esired  degrees o f  hydrogen-ion  

con centration . A Beckman e le c t r ic  pH meter was used to  make the pH 

determ inations. Germination was a t room temperature. The pH was 

measured again a t  the conclusion  o f the experiment*

A trend of increase in  germination with a decrease in  hydrogen- 

ion concentration i s  apparent (tab le  7)* I t  becomes le s s  pronounced 

as the length of the germination period increases. A s t a t i s t ic a l  

analysis o f the data in d icates a s ig n ifica n t decrease in  germination 

below pH Jf*0 under the conditions o f the experiment*

Types o f  Germinating Media

A t e s t  to determine the e f f e c t  o f  d iffe re n t typeB o f



Table 6. — Accumulative. aeM. -gem lnatl on In different, l ig h t

con d ition s In laboratory t e s t s

(In  number o f  seeds germinated)

l ig h t
Condition

7 10 11+ 17 21

F u ll sun light--/ —/ 0 0 0 0 0
P a r tia l l ig h t 109 203 229 236 236
Darkness 11+ 63 117 179 187

i f  Four one-hundred seed r e p lic a te s  vrere in i t ia t e d  in  each l ig h t  
con d ition .

2 /  E stab lish ed  on Ju ly  1, 19^9»



Table 7. — Accumulative seed germination at various ~pH le v e ls

under laboratory co n d itio n s

(In  number o f  seeds germinated)

pH

»
•

•
•

•
•

Test Period in  Days

: 7 : 10 : 14 17
1 /
“ '3 .0 0 20 72 92

4 .0 1 4 8 259 3^7
5 .0 4 79 281 362
6 .0 2 20 186 293
7 .0 16 142 346 378
8 .0 33 186 371 400

l /  Five one-hundred seed r e p lic a te s  were in i t ia t e d  at each pH 
l e v e l .



germinating media under c o n tro lle d  temperature and m oisture  

was in i t ia t e d .  Pour r e p lic a te s ,  each c o n s is t in g  o f  100 s e le c ted  

seeds, were germinated in  four types o f natural germ inating  

media; the organic swamp f lo o r ,  lo g s  in  various sta g es  o f decay, 

hardwood l i t t e r ,  and mineral s o i l  as a check. T^e swamp f lo o r  

sample was obtained from the top inch  o f  an organic swamp s o i l  

c la s s i f ie d  as a R if le  p ea t. The decaying lo g  sample was obtained  

from the same lo c a t io n  and would f a l l  in to  the decay c la s s  5 

according to McCullough's c la s s i f i c a t io n l / ( 4 4 ) .  The hardwood 

l i t t e r  sample was predominantly composcAof alder lea v es  and was 

obtained in  a large .alder clump on the edge of the swamp.

A small percentage o f red maple life ter  was included in  the  

sample. A very  lim ited  amo^Jat of decay had occurred, but the 

leaves of the component sp ec ie s  were recogn izab le. The mineral 

s o i l  sample th at nerved as a check was obtained from the Al 

horizon of a Trenary f in e  sandy loam.

The samples that were kept in  P etr i p la te s  a t room 

tenperatures w ith an adequate supply of m oisture.Germ ination  

was checked semi-weekly.

An anal y s i s  of variance showed no s ig n if ic a n t  d iffer e n ce  

in  seed germ ination between any of the media. R esu lts are 

shown in  ta b le  8 .

1 /  McCullough d efin es decay c la ss  5 (^5) as fa l le n  tr e e s  d e f in ite  
in  o u tlin e  but with decay w e ll advanced as in d icated  by the presence  
of lo o se  fragments o f wood.



Table 8. — Accumulative seed germ ination in  various types o f

natural media under laboratory conditions

(In number of seeds germinated)

Types o f  
Natural 

Media

Test Period in  Days

7 : lk> : 21 : 28 : 35

Swamp floor 15 I 87 226 229 229
Decaying logs k 137 208 236 25^
Hardwood l i t t e r lh 237 250 258 258
Mineral s o i l 1 137 18*+ 189 I 89

l /  Pour one-hundred seed rep lica tes  were in it ia te d  in  each type 
of natural media.



Temperature

Prelim inary te s t s  to determine the e f fe c t  o f constant  

temperatures upon the seed germ ination were e s ta b lish e d  in  the 

laboratory at 4°Centigrade in te r v a ls  from 10° C. to 3^° C.lJ  

using m oist f i l t e r  paper in  P etr i p la te s  as germ inating media. 

R efrigerator con tro ls at 1 0 ° ,1 4 ° , and 13° and incubators at 

higher temperatures provided the temperature chambers. Average 

d a ily  v a r ia t io n  interaperature approxLmateddt0»5 C. In a th ir ty  

day period fo llo w in g  the establishm ent o f the t e s t s ,  germ ination  

occurred from 18° to 3^° w ith  maximum germ ination to24-° to 26°.

With th ese  r e s u lts  in  mind, a s e r ie s  o f t e s t s  were in st ig a te d  

a t  10°>1^ ° ,and 18° and a check a t room temperature to b etter  

e s ta b lish  the minimum temperature at which germ ination would 

occur. The t e s t s  a t room temperature averaged 2^ .2°0 . w ith  

an average d a ily  v a r ia tio n  o f 2 .65° C. as obtained from thermo­

graph readings.

F ive r e p lic a te s  of each treatment, each contain!ng 100 

se le c te d  seed s'^ , were e s ta b lish ed . Germination was checked 

semi-weekly.

I t  can be seen that lovr temperatures have an adverse e f fe c t  

upon seed germ ination(tab le9 ) • No germ ination occurred below 

18° C. I t  was a lso  noticed  that i n i t i a l  seed lin g  growth was l e s s  

vigorous a t the low temperatures.

l/M echanical d i f f i c u l t i e s  n ecessita ted  a 2i+° C. t e s t  in stead  o f  
22° C.

^ Source o f seed was Door County,Wisconsin.



Table 9. — Accumulative seed germ ination a t various temperatures

under laboratory co n d itio n s

(In  number o f  seeds germinated)

Temperature

••

••

•»

T est Period in  Days

: 7 : 10 : 13 : 17 : 20

i / 10° c . 0 0 0 0 0
1 ZjP 0 0 0 0 0
18° 0 3 14 23 30
Check

(24.2°)
102 2^3 286 296 305

i f  F ive one-hundred seed r e p lic a te s  were in i t ia t e d  at each temper­
ature l e v e l .



F ie ld  Studies  

Season of Seed Germination

A s e r ie s  of ten  m ilacre p lo ts  were picked c lea n  o f  cedar 

seed lin gs reproduction p r io r  to the 19^9 growing season . 

Throughout the growing season , sem i-weekly checks were made 

o f the p lo ts  in  an attempt to f in d  nev; se ed lin g s . S eed lin gs  

found we re marked w ith  numbered pegs to prevent d u p lica tio n  

in  counting. The date and type o f medium upon which the seed­

l in g s  were growing was a lso  recorded.

I t  i s  acknowledged th at the date a t which the seed lin g s  were 

found was la t e r  in  the growing season than the date o f  emergence. 

In  order to l im it  th is  fa c to r , as w e ll as the p o s s ib i l i t y  of 

d iscoverin g  seed lin gs that might have been missed in  previous  

in sp ec tio n s , the presence o f the two primary cotyledons in  a 

healthy s ta te  was deemed necessary fo r  in c lu s io n  in  the data.

Emergence was f i r s t  noted on the 3rd of June and continued  

u n t i l  the 28th  o f Ju ly . The preponderance o f emergence occurred 

between the 5th of June and the 5th of J u ly (fig u re  1 1 ).

The f i r s t  emergence noted was th at occurring on exposed 

stumps.Ho germ ination occurred on the swamp f lo o r  u n t i l  June 27 th, 

by that tim e, 77 percent o f the germinatipn that was noted on 

lo g s  and stuirps in  various stages o f decay hod been t a l l i e d .  

Germination on the swamp f lo o r  was d e f in it e ly  la te r  than on lo g s  

and stumps.

E ffec tiv e  Seeding D istance  

Methods

Observations were made throughout the course o f the study 

to determine the e f fe c t iv e  seeding d ista n ce  of cedar. A concerted  

e f fo r t  was made to lo c a te  seed lin gs that were s itu a ted  in  re la tio n
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to a s ingle  seed-bearing tree  such th a t  the parent

could he d e f in i t e ly  determined. Observations were l im i ted

to swamps or swamp borders to reduce the poss ib le  e f f e c t

of slope. Distance and d i rec t io n  of the  seedl ing  from the

parent  were noted. Frevalent winds in  the area are from the northwest.

R esu lts

numerous instances were found in  which seedl ings were 

loca ted  from Ho to 53 fee t  from the neares t  seed t r e e s .  I t  

i s  concluded, from the observations made, th t  adequate stocking 

w i l l  occur HO to 50 fee t  from seed t r e e s ,  t h i s  being e spec ia l ly  

t rue  in  the d i rec t io n  of the p re v a i l in g  wind.

The maximum distance of adequate seedl ing reproduction 

from seed t r e e s  was found in an area c le a r  cut according to 

the c l a s s i c a l  d e f in i t io n  (29) between 1957 and 19!'0. The area 

with seedl ing production i l l u s t r a t e d  in  f igure  12 contained 223 

seedlings on a milacre basis .  Ring counts showed a l l  seedlings 

had developed a f t e r  the c lear  c u t t in g  operat ion. The d is tances 

to the neares t  cedar t rees  of seed-bearing age were in  the 

card inal  d i rec t ions  and as follows^/;

Direct ion Distance 
llorth 93* Of ec-t
\tfest 15S. 0 f e e t
South SO.O fe e t
East  IH3.O fe e t

J  I t  i s  highly improbable tha t  animals or b i rds  could have been 
the d ispers ing  agent in  th is  case. All ind ica t ions  suggest wind 
as the means of d ispersa l .
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A word o f explanation  i s  due concerning the l ig h t  con d ition s  

in  th is  c lea r  cut area. The immediate area in  which th ese  seed­

l in g s  were found was lo ca ted  under cover o f p a r t ia l  windthrow and 

high  h u tts  o f  lean in g  tr e e s . The l ig h t  in te n s ity  w ith in  the area  

o f  seed lin g  establishm ent was only  10 percent o f that throughout 

the remainder o f the area.

Because cedar seldom grows iso la te d , and in  view o f the fa c t  

that few te c h n ic a lly  c lear  cut areas containing sa t is fa c to r y  

l i g h t  con d ition s for  seed germ ination are a v a ila b le , s a t is fa c to r y  

work areas were d i f f i c u l t  to  f in d . B esu lts  on th is  phase o f the  

study are thus observational o f n e c e s s ity .

Bate o f f a l l  i s  an important fa c to r  in  d isp ersa l by wind.

Cedar seed i s  l ig h t  in  weight (approxim ately 325,000 seeds per  

pound) and p o ssesses  a r e la t iv e ly  large wing to aid in  seed  

d isp e r sa l. On the other hand, the to ta l  h eight o f the sp ec ie s  

i s  small and a c ts  towerd lim it in g  the d isp ersa l d istan ce .

Seed d isp ersa l o f  northern w hite cedar stands i s  not dependent 

upon the wind a lone. Mention should be made of the ex ten sive  work 

th at i s  undertaken by the red sq u irre l in  t h is  re sp ec t. Through­

out the course o f the study, th is  ch atterin g  l i t t l e  mammal was 

o ften  observed scurrying about the cedar tr e e s .  In the f a l l ,  he 

c u ts  cone c lu s te r s  and branches containing the c lu s te r s . The per­

centage o f  seed d ispersed  or eaten  by th is  animal i s  not known 

but i t  i s  f e l t  that i t  has a profound e f fe c t  on seed d is tr ib u tio n .

Light

Methods

Throughout the course o f  the study, l ig h t  readings were taken



on a l l  m ilacre p lo ts  e s ta b lish ed  to  determine the e f f e c t  o f  l ig h t  

upon the i n i t i a l  establishm ent o f cedar seed lin g s  and v e g e ta tiv e  

types o f reproduction. Headings were taken w ith  a DeJur Amsco 

Model 5B in cid en t l ig h t  meter and were taken as near to  10 AM 

and 3 PM as p o ss ib le . These tim es were a r b itr a r ily  chosen because 

o f  the sim ilar fo o t  candle power in  f u l l  su n ligh t during the two 

p er io d s. I t  was a lso  f e l t  that the two periods were most rep resen t­

a t iv e  o f d a ily  con d ition s in  that readings at th ese  two hours 

would tend to  balance the readings in  p lo ts  that were shaded during 

the morning and open in  the afternoon and v ic e  versa .

Headings were taken only during periodB o f  a  clear sky.

Except in  a s in g le  group o f p lo t s ,  readings were taken from one- 

h a lf  hour before the designated time to on e-h a lf hour fo llo w in g  

the designated  tim e. In the s e r ie s  o f p lo ts  lo ca ted  -in S ection  

13 T44N H26W, tr a v e l d istan ces were o f such a magnitude th at  

readings had to extend to  a  maximum o f one hour p ast the d esig ­

nated tim es.

An extended e f fo r t  towards uniform ity in  method Was made 

in  taking a l l  read ings. That i s ,  the l ig h t  meter was h eld  at 

w aist le v e l  w ith  the operator's bade to the sun and at a d istan ce  

such that the op erator's  shadow d id  not f e l l  across any part of 

the m ilacre p lo t .  A s in g le  operator made a l l  the read ings.

The en tire  p lo t  was covered w ith  the meter. The reading  

se le c te d  was the apparent modal reading w ith  the operator s t i l l  

bearing in  mind the minimum and maximum read ings. This in teg ra tio n  

was thought to be most rep resen ta tive  o f  the l ig h t  con d ition s w ith­

in  the u lo t .  I t  was also upon the recommendation of the DeJur Amsco 

Corporation engineers (39) that l ig h t  f lu x  f a l l in g  upon the object



was used as a c r ite r io n  fo r  measurement rather than the amount

o f l ig h t  r e f le c te d  from the o b je c t.

C alibrations from l ig h t  meter readings to t o ta l  l ig h t  f lu x  

fo o t candles were furn ished  by the DeJur Amsco Corporation and are

shown in  f ig u re  13 . The in d iv id u a l p lo t  l ig h t  meter readings were

converted in to  fo o t candle power and a mean obtained fo r  the p lo t .  

C lasses were then e s ta b lish ed  in  fo o t  candle power corresponding 

to l ig h t  meter u n its  insofar as the accuracy o f the instrument 

i s  in  b lock u n its . The standard d ev ia tion  o f  the seed lin g  t a l l i e s  

was obtained for  each c la ss  and p lo t  r e je c t io n s  were made at a  

l e v e l  o f greater than two standard d ev ia tion s from the arithm etic  

mean.

Several problems presented them selves in  the d esign ation  of  

h eight c la s s e s  to be included w ith in  the t a l l i e s .  I t  i s  acknowledged 

that some o f the v eg eta tiv e  reproduction i s  over 2 f e e t  in  h eigh t  

at the time o f o r ig in , e s p e c ia lly  those forming v e r t ic a l ly  from 

windthrows. However, i t  i s  f e l t  th at the m ajority o f the stems 

formed from branch layerin g  are under 2 f e e t  in  h eigh t at the time 

ad ven titiou s ro o ts  form. I t  i s  a lso  acknowledged that seed lin g  

reproduction and v eg e ta tiv e  reproduction of the same height would 

be q u ite  w idely separated in  age. With th ese f a c t s  in  mind, the 

h eigh t c la s s  from 0 to 2 f e e t  in  h eigh t was designated  as i n i t i a l  

reproduction.

Be s u it s

Figures 14 and 15 i l lu s t r a t e  grap h ica lly  the abundance and
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freq u en cy!/ o f seed lin g  reproduction under 2 f e e t  in  h e ig h t. The 

seed lin g  reproduction abundance and frequency data  are included  

in  tab le  35 (Appendix).

The r e s u lt s  in d ica te  that l ig h t  in te n s ity  i s  not a  c r i t i c a l  

fa c to r  in  seed lin g  germ ination and i n i t i a l  establishm ent throughout 

the normal range o f l ig h t  con d ition s found in  our swamp stands and 

swamp c u ttin g s . There i s  a decrease in  both abundance and frequency  

at both extremes. The con d ition s at the lower end of the ta b le , i . e .  

con d ition s w ith  an average fo o t candle power of 5 to  7 . were found in  

very dense stands and were u su a lly  lo ca ted  in  an area w ith  a s u f f ic ie n t  

amount o f reproduction in  the somewhat la rg er  s iz e  c la s s e s . The 

average minimum l ig h t  in te n s ity  requirem ents/ approximates 0 .0 6 7 .

The con d ition s at the upper end o f  the ta b le  w ith  a fo o t  candle 

power o f 331 and upwards were found in  1 0 -y ea r-o ld  cu ttin g s  that 

were harvested under a system o f absolute c lear  c u ttin g .

The r e s u lt s  a lso  in d ica te  th a t l ig h t  in te n s ity  was not a  

c r i t i c a l  fa cto r  in  v eg eta tiv e  reproduction. I n i t ia l  establishm ent 

was found throughout the range o f  l ig h t  con d ition s that are present 

in  our 'swamp stands and swamp c u ttin g s  ( ta b le  1 0 ). There was a  

decrease in  both abundance and frequency at the lower extreme.

The p lo ts  at that end o f  the ta b le , i . e .  con d ition s w ith fo o t candle 

power o f 5 to 10, were found in  very dense stands w ith  a s u f f ic ie n t

The term •'abundance11 i s  used in  th is  d is s e r ta t io n  to designate  
a count o f  a g iven  sp ecios present on a u n it  area b a s is . I t  i s  
acknowledged that t h is  i s  a rather broad use o f the term but was 
used in  view of the fa c t  that d en sity  seemed d i f f i c u l t  to  v isu a l­
iz e  in  r e la t io n  to a stand of se e d lin g s . Frequency i s  d efined  as 
a measure o f the degree o f d isp ersio n  measured on a p e rc en tile  
b a s is .

2 /  The r a t io  between in te n s ity  f a l l in g  on the fo r e s t  f lo o r  and 
in te n s ity  in  the open.



ABUNDANCE OF NORTHERN W HITE CEDAR SEEDLING REPRODUCTION
UNDER VARIOUS LIGHT CONDITIONS IN 210 MILACRE PLOTS.
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Bigure l b .  Abundance o f northern w hite cedar seed lin g  repro­

duction under various l ig h t  co n d itio n s. Bach dot represents the  

mean number o f seed lin gs in  the p lo ts  examined th at were t a l l i e d  in  

that s p e c if ic  l ig h t  c la s s .  The number o f m ilacre p lo ts  in  each 

l ig h t  c la s s  represented in  th is  f ig u re  i s  in d icated  in  Table 35*
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FREQUENCY OF NO R TH ERN  W H ITE CEDAR S EED LIN G  REPRODUCTION  

UNDER VARIOUS LIGHT CONDITIONS IN 2 '0  M ILA C R E  PLOTS.
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Figure 15. Frequency o f  northern w hite cedar seed lin g  repro­

duction under various l ig h t  co n d itio n s. Each dot represents the  

percentage o f  m ilacre p lo ts  in  which cedar seed lin g  reproduction  

was found.



Table 10. —Abundance and frequency o f  v e g e ta tiv e  reproduction under

2 f e e t  In h eight In variou s l ig h t  con d ition s

Foot-candle
power Abundance Frequency

Number o f  m il­
acre p lo ts  in  

c la s s

Number o f  steraB Percent

5-7 0 .7 22 . 9
7-10 0 .6 43. 14

10-14 1 .9 59. 17
14-20 2 .3 6 8 . 22
20-28 1 .7 52. 27

28-40 2 .8 69. 13
40-58 4 .9 87. 16
58-81 0 .8 55. 11
81-114 1 .4 *»4. 9

114-162 0 .5 50. 4
162 p lu s 3 .9 64. 11



amount o f reproduction in  the la rg er  h eigh t c la s s e s  and extrem ely  

heavy se lf-p ru n in g . ITine o f the readings in  the most in ten se  c la s  

had fo o t  candle power above 331 and were lo ca ted  in  an area th a t was 

c lea r  cut ten  years previous to the p lo t  examination.

The conclusions correspond very c lo s e ly  w ith  those of Malci 

(4 1 ). From lim ite d  ob servation s, he concludes that there i s  no 

c o rr e la tio n  between rad ia tion  in te n s ity  and the number o f seed lin g s  

w ithout regard to age. Probably Ballw in ( 5 ) b e s t  summarizes the  

e f f e c t  o f l ig h t  on seeds o f fo r e s t  tr e e s  by s ta t in g  that l ig h t  i s  

r a r e ly  necessary but in  n early  a l l  cases germ ination i s  improved 

and hastened by i t .

This d iscu ssio n  i s  not in  anyway meant to in v a lid a te  the  

e f f e c t  o f  l ig h t  upon seed lin g  growth and development fo llo w in g  seed 

germ ination and i n i t i a l  estab lishm ent. Observations in d ica ted  that 

l ig h t  i s  b e n e f ic ia l ,  in creases the growth o f reproduction, and that 

p o ss ib ly  the sp ec ie s  becomes more l ig h t  to lera n t w ith  age.

A cid ity

Methods

A study was in i t ia t e d  to determine the e f f e c t  o f pH upon 

seed lin g  and v e g e ta tiv e  reproduction under f i e l d  con d ition s. In 

156 o f  the m ilacre p lo ts  e s ta b lish ed  throughout the course o f the 

p r o je c t , pH readings were obtained . During the 19^8 growing season, 

determ inations were made w ith  a " so iltex"  k i t .  However, in  view of

A/ This r e la t iv e ly  low fig u re  was chosen as an upper c la s s  d esignation  
because of the d i f f ic u l t y  in  obtaining an adequate number o f p lo ts  in  
the more open areas.



the d i f f i c u l t i e s  encountered due to the organic matter in  muck 

peat s o i l s  clouding the s in g le  colorom etric read ing, a  LaMotte- 

Morgen s o i l  te s t in g  k i t  w ith a s e r ie s  o f  in d ica to rs  was used during 

the 19^9 seaBon to a l le v ia te  t h is  d i f f i c u l t y .  Samples were c o lle c te d  

from w ith in  the top 2 to 3 inches o f s o i l  and seed lin g  and v e g e ta tiv e  

reproduction was t a l l i e d .  P lo t  r e je c t io n s  were made as p rev io u sly .

R esu lts

Seedling reproduction in crea ses  w ith  a decrease in  hydrogen- 

ion concentration  above 6 .0  to  a n eu tra l and s l ig h t ly  a lk a lin e  

con d ition  (circum -neutral). There seems to he no appreciable  

d ifferen ce  in  reproduction in  the range between pH ^-.0 and 6 .0 .  

In d ica tion s p o in t to  a p o ss ib le  reduction  below th is  l e v e l .  Figure  

16 i l lu s t r a t e s  the seed lin g  abundance and fig u re  17 shows the seed­

l in g  frequency data in  a graphic p r e s e n ta t io n l/ .

The r e s u lt s  in  tab le  11 in d ica te  a decrease in  abundance and 

frequency o f v eg eta tiv e  reproduction at the higher pH le v e l s  (above 

pH 7 .0 ) .  However, t h is  i s  above the organic s o i l  range in  most o f  

the study area. A ll the observations in  the c la s s  7»0 to  7*9 f a l l  

at pH 7 .5  or below.

General observations a lso  bear out these fin d in g s  concerning 

v eg eta tiv e  reproduction. In the Longrie loam type^/ that i s  present  

in  or near swamps, seed ling reproduction seems to take over o ld  

f i e ld s  that have been u t i l iz e d  as p astu res. This i s  in  contrast

2*1 The seed lin g  abundance and frequency data are presented in ta b le  
35 (Appendix).

2 /  Longrie loam i s  characterized  by a lim estone bed rock and i s  
n eu tra l to a lk a lin e  in  reaction .
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Figure 17. Frequency o f cedar seed lin g  reproduction at various  

pH le v e ls  in  lowland stands. Bach dot represents the percentage o f  

m ilacre p lo ts  in  which cedar seed lin g  reproduction was found.



Table 11. — Abundance and frequency of vegetative reproduction In

swamp stands at various pH le v e ls ^/

pH Abundance Frequency-
Number of m il- 
acre p lo ts  in  

c la ss

Number of stems Percent

4 .0 -4 .9 1 .4 33. 21
5 .0 -5 .9 1.5 33. 17
6 .0 -6 .9 2 .2 37. 108
7 .0 -7 .9 0.7 15. 13

l /  T a llie s  are based on stems from 0 to 2 fe e t  in height.



to many stems o f v e g e ta tiv e  reproduction that we o ften  f in d  in  swamp 

c u ttin g s .

It  should be rea lized  that the pH values are very c lo se ly  

correlated with s o i l  type in  swamp s o i ls .  A grouping o f the pH 

values by s o i l  type would show that the lower pH values are repre­

sentative of the p lo ts  estab lished  in  Saugatuck, Ogemaw, and 

Newton types. The intermediate values represent E if le  peat s i t e s .  

The higher values were found on Oarbondale peat. The neutral and 

s l ig h t ly  alkaline readings were found in  Oarbondale peat with  

shallow deposits of marl and on Longrie loam that was located  

w ithin swamps.

The co rre la tio n  between an increase in  seed lin g  reproduction  

above pH 6.0 to  the n eu tra l point and s l ig h t ly  a lk a lin e  con d ition s  

i s  not absolu te, however. I t  would appear that the r i s e  in  

germ ination and i n i t i a l  estab lish m en t, although correla ted  w ith  

pH, i s  not due to the hydrogen-ion concentration  but rather due 

to  other p h y sica l, chem ical, or b io lo g ic a l fa c to r s  involved  in  

the in teg r a tio n  designated as pH. Wilde (6 l)  described  the 

circum -neutral s o i l s  (pH 6 .6  to 7 .3 )«  e s s e n t ia l ly  the groups w ith  

b e tte r  seed lin g  establishm ent in t h is  study, as being characterized  

by h igh  a c t iv ity  o f micro-organisms, rapid hum ification  and n i t r i f ­

ic a t io n , high a v a i la b i l i t y  o f  n u tr ien ts , and u su a lly  in  good 

p h y sica l condition .

Adequate germ ination occurred throughout the normal range 

of pH values found in  the cedar stands. The lower va lu es at 

which germination and i n i t i a l  establishm ent might be p roh ib ited  

are o f  l i t t l e  consequence to  the fo r e s te r . Baldwin (5 ) concludes



that most fo r e s t  seeds ex h ib it  a rather wide range o f  to leran ce  

to rea ctio n  and germinate w e ll  w ith in  the l im it s  o f a c id ity  

u su a lly  found in  nature.

The r e s u lt s  would in d ica te  some agreement w ith  Pernald  

(20) in  h is  c la s s i f ic a t io n  o f  cedar as a  c a lc ic o le .  However, 

i t  should he stron g ly  emphasized that the occurrence of the  

sp e c ie s  and i t s  reproduction are d e f in it e ly  not lim ite d  to  b a s ic  

s i t e s  and have the cap acity  to adapt them selves remarkably to 

the a c id  con d ition s of the Upper Peninsula swamps.



(types o f Germinating Media 

Methods

I t  was observed early  in  the course o f the f i e ld  vrork that 

in  swamp stands cedar* seed lin g s  germinated and grew b est on lo g s  

and. stumps in  varying sta g es  o f decay, bare or m oss-covered, as 

germinating media. An e f fo r t  was made to f in d  the ex ten t to which 

th is  observation  held  tru e.

Twenty seven semi-permanent m ilacre p lo ts  vrere e sta b lish ed , 

nine in  each of three d iffe r e n t  types o f s i t e s ,  a t $0 fo o t  

in terva ls.O n e group was lo ca ted  in  a deep swamp s i t e  on R if le  

peat and designated  as such, another group was lo ca ted  near the 

edge of the swamp on Oarbondale peat, and a th ird  group located  on 

a Nev/ton sand, The cover was such that alder clumps were not 

prevalent on any of the s i t e s .

Seed lings were counted on comparable areas o f lo g s , stunps, 

and down stem sl/and organic s o i l  o f the swairp f lo o r  in  each type 

o f s i t e .  Decayed lo g s  were measured in  m ilacre p lo ts  covered by 

th is  type of germinating medium was ascerta in ed . Figure 18 

i l lu s t r a te s  the method devised  by the author to determine the 

portion  of the ground area w ith in  the swamp occupied by logs  

and stumps in  various sta g es  o f decay.

Type of medium stu d ies  on v eg e ta tiv e  reproduction were con­

ducted on an observational b a sis .

l/H erea fter  c o l le c t iv e ly  designated as "decayed logs" or a sim ilar  
abbreviated terminology.
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Be s u it s

This study in d ica ted  that lo g s  in  various stages o f de­

com position are the favored type o f  medium fo r  germ ination o f  

seed lin g s (ta b le  1 2 ) . E ighty seven percent o f the seed lin g s t a l l i e d  

germinated on th is  type o f  medium. I t  was im possib le to  id e n t ify  

the sp ec ie s  o f the lo g s  in  most cases; however, i t  was p o ss ib le  

to  id e n tify  some northern w hite cedar and yellow  b irch  lo g s .

The lo g  in  fig u re  19 i s  ty p ic a l o f  th is  type of medium.. Eigure 

23 in d ica te s  a stump that v e g e ta tio n  i s  u t i l i z in g  as a germ inating  

medium.

The proportion of ground cover that i s  the favored type of 

germ inating medium v a r ie s  from 0 percent to  39 percent w ith  a 

mean o f 1 6 .3  percent fo r  27 m ilacre p lo ts  ( ta b le  1 3 ). The amount 

o f  lo g  medium v a r ie s  on d iffe r e n t  s it e * ,  p o ss ib ly  due to d iffe r e n t  

productive c a p a c it ie s , con d ition s for  decay, and logging h is to r y .  

However, the same type of medium was favored on the three d iffe r e n t

s i t e s  included in  t h is  study.

Analyses o f co rre la tio n  and reg ressio n  were ca lcu la ted  

where ap p licab le. Ho s ig n if ic a n t  co rre la tio n  or reg ressio n  was 

present between the number o f seed lin g s  and the square f e e t  o f

medium that co n sis ted  o f lo g s  in  varying sta g es o f  decay.

Within the p lo ts  w ith  the b est reproduction o f  cedar, severa l 

g en era liza tio n s  were noted:

1 . the canopy was composed o f  a pure con iferous
stand w ith  cedar the predominant sp ec ie s .

2 . the seed lin g  populations were lo ca ted
considerably above the general le v e l  
o f  the swamp f lo o r .



Table 12. —Types of germ inating media r e la t iv e  to

seed lin g  reproduction.

S ite
Log Medium

•
•

: Organic S o il
•
•

Square fe e t  
examined

: Number o f  
: seed lin gs

: Square f e e t  : 
: examined :

Number o f  
seed lin gs

Oarbondale peat 1*6.5 15 1*6.5 0
R if le  T>ea,t ^5.5 57 1*5.1* 13
Newton sand •'46.2 13 1*6.2 0

T otal 138.2 85 138.1 13



Figure 19. An example o f the type o f medium c la s s i f i e d  as 

"logs in  varying stages o f decay". Woody medium v a r ie s  from 

s l ig h t ly  decayed to advanced decay c la s s e s .



Table 13 . — Percent age of swamn f lo o r  covered Tw lo g s  In varying

stages o f  decay on three d iffe r e n t  s i t e s

P lo t
S ite

: Oarbondale 
: neat

: R if le  : 
: neat :

Newton
sand

Percent Percent Percent

1 39 l b 22
2 11 23 15
3 20 9

4 11 8 30
5 1 7 10
6 35 15 11

7 32 17 1
8 16 18 0
9 15 31 5

Mean 20.0 15.8 13.1



3* the seed lin g s  growing on ddcayed la g s  had b e tte r  
developed root systems than those growing on 
the swamp f lo o r .

IK the presence of su ita b le  media in  a  swamp stand  
i s  not adequate insurance in  i t s e l f  that  
cedar seed lin g  reproduction w i l l  occur.

Ao. absence o f  seed lin g s  was noted in  deer runways and other  

areas w ith  an abundance o f deer and rabb it s c a ts  (fig u r e  2 0 ). This 

might be p a r t ia l ly  explained by the trampling e f f e c t  o f  deer which 

causes death o f  young seed lin g s and changes the p h ysica l con d ition  

o f the organic s o i l .  Several o f  th ese  areas suggest a  h yp oth esis  

that the concen tration s of sc a ts  may exert a chem ical e f f e c t  that  

i s  in im ica l to seed germ ination and seed lin g  estab lishm ent.

There seems to be a question  in  the minds o f  the fo r e s te r s  

and game managers throughout the region  as to  whether the seed­

l in g s  growing on p a r t ia l ly  decayed lo g s  w i l l  be able to  survive.

The frequent occurrence o f concrete examples lea d s  to the hyp oth esis  

that there i s  p o ss ib ly  a fa r  greater number o f stems that o r ig in ­

ated in  th is  type o f  medium presen t in  mature stands than h ereto fore  

suspected. F igures 21 and 22 i l lu s t r a t e  common examples o f seed­

l in g  produced stems. A numerical comparison o f adult stems that 

had o rig in ated  on lo g s  and on the swamp f lo o r  was not attempted.

Observations in d ica ted  that the formation o f v eg eta tiv e  

reproduction i s  more dependent upon the m oisture cond ition  o f the 

medium than upon i t s  conroosition. I t  was found that a moist 

con iferous l i t t e r  or sphagnum moss was the b est medium fo r  veget­

a tiv e  form ation, probably due to  the importance o f  branch layerin g  

as a means o f v eg e ta tiv e  reproduction. In a s e r ie s  o f twenty



a t

Figure 20. I llu s tr a tio n  of heavily  used deer runway. Note 

the concentration of scats in  the run.



Figure 21. An example o f a cedar p o le  that developed from 

the seed lin g  type of reproduction. Although i t s  o r ig in  i s  d i f f i c u l t  

to prove, deduction in d icated  th at seed lin g  type o r ig in  would he the  

only p o s s ih i l i t y .



Figure 22. An example o f  an adult cedar that has developed  

from a seed which presumably germinated in  the d u ff and moss on 

the fa l le n  lo g . Again, deduction precludes the p o s s ib i l i t y  o f  a 

v e g e ta tiv e  type o r ig in .



l/lO O th acre p lo t s ,  en average o f  8 .4  stems o f v e g e ta tiv e  repro­

duction were found in  f iv e  p lo ts  where sphagnum moss was sparse  

as compared w ith  a  mean o f 18 .9  stems in  15 p lo t s  where sphagnum 

moss was medium or heavy.

Although lo g s  in  various s ta g es  o f decay occupy a r e la t iv e ly  

sm all proportion o f the t o ta l  a v a ila b le  germ inating media (2 0 .0 $ ,  

15 .8 $ , and 13*1$  r e sp e c tiv e ly  on 3 s o i l  ty p es), they are the  

favored medium fo r  seed germ ination in  the f i e l d .  The fa c t  that  

there was no s ig n if ic a n t  d ifferen ce  in  seed germ ination between 

types o f germ inating media, in clu d in g  hardwood l i t t e r ,  in  the 

laboratory  under s im ilar  con d ition s of temperature and m oisture 

in d ic a te s  that under sa t is fa c to r y  f ie ld  con d ition s o f th ese  two 

fa c to r s  among o th ers , there should be no d ifferen ce  between the  

types o f  media as regards germ ination and i n i t i a l  development.

However, observations su b stan tia ted  by m oisture s tu d ies  

in d ica ted  that the hardwood l i t t e r  in  the swamps, predominantly 

a medium of alder le a v e s , had a lower m oisture content than e ith e r  

the organic swamp f lo o r  or lo g s  in  varying sta g es  o f  decay.

I t  i s  f e l t  that m oisture i s  d e f in it e ly  the l im it in g  value in  the  

establishm ent o f  seed lin g  cedar reproduction in  alder clumps.

The most exposed wood media are a lso  subject to  considerable  

d esicc a tio n . Seed lings th at might e s ta b lish  them selves on the 

upper p ortion  o f  a stump as in d ica ted  in  f ig u re  23 would be 

subject to d es icca tio n  during the la t t e r  p ortion s o f  the growing 

season.

The r e s u lt s  o f McCullough (44) in d ica te  th a t the e s ta b lish -



Figure 23. An exposed stump, a type o f  germ inating medium 

found in  swamps that was c la s s i f i e d  as Mlo g s  in  varying stages  

o f  decayH. S eed lin gs that became esta b lish ed  near the cut end of 

stumps were o ften  found to  be subject to  d e s ic c a tio n .



ment o f Engelmann spruce and a lp in e f i r  seed lin g s  i s  not dependent 

upon the herbaceous and shrub su ccession  or the degree o f  decay 

o f lo g s  but that i t  can occur on lo g s  showing on ly  s l ig h t  s ig n s  

o f  decay. With th is  in  mind and the fa c t  that the sp ec ie s  in  

the northern swamps that con trib u te  f a l le n  lo g s  and strumas have 

very divergent wood c h a r a c te r is t ic s , no such c la s s i f ic a t io n  was 

designed. Logs w ith  s lig h t  decay, in  the moss sta g es  o f  succession  

w ith  a sca tter in g  o f herbaceous v eg e ta tio n , were the b est germinat­

in g  media.

Although the ea r ly  decay c la s s e s  provide the most sa tis fa c to r y  

germ inating media, i t  does not fo llo w  that lo g s  in  the e a r ly  sta g es  

o f  decay are the b est  types o f media for the u ltim ate  e s ta b lish ­

ment and su rv iva l o f  the reproduction. O bservations in d ica te  that  

the la te r  sta g es o f decay ore superior in  t h is  re sp ec t. Several 

s ig n if ic a n t  f a c t s  are o ffered  in  i t s  support. There i s  l e s s  

p h y sica l impediment to  root p en etration  in  the la te r  c la s s e s .

They a lso  appear to have a higher cap acity  fo r  m oisture absorption  

than the s l ig h t ly  decayed lo g s .

I t  i s  probable that u n t i l  the present century or the l a s t  

few years o f  the p ast century — w ith  the exception  o f swamps 

w ith  heavy and complete burns — a goodly number o f the swamp 

stands in  the Upper P eninsula  o f  Michigan were v irg in . With the 

very slow decay that occurs under these co n d itio n s , the percentage 

o f the swamp stands occupied by a medium o f the type most su ita b le  

fo r  seed lin g  development was probably at an optimum. With ever-  

in creasin g  u t i l i z a t io n  o f fo r e s t  products and reduction  o f woods



w aste, the percentage o f  area occupied by t h is  type o f  medium w i l l  

no doubt decrease. Such a co n d itio n  cannot h e lp  but have an in ­

flu en ce  upon the fu tu re amount o f medium most s a t is fa c to r y  for  

germ ination. Jrom a long time a sp ect, there i s  the p o s s ib i l i t y  

o f a co rre la tio n  o f  the amount o f sa t is fa c to r y  germ inating media 

w ith the means o f s la sh  d isp o sa l.

Hot only  was th is  type o f  medium ( lo g s  in  various sta g es  o f  

decay) found very su ita b le  fo r  cedar seed lin g  reproduction but 

observations in d icated  that i t  i s  equally  as advantageous fo r  the  

seed lin g  reproduction o f spruce and balsam f i r .

I t  i s  reg re tted  th at the opportunity to observe and study 

the e f f e c t  o f  f i r e  upon germ inating media and cedar reproduction  

in  general d id  not present i t s e l f .  I t  i s  a fa c to r  that should  

re ce iv e  a tten tio n .

Temperature

Methods

The e f f e c t  o f  tenroerature upon seed lin g  reproduction was 

undertaken in  an attempt to  ob ta in  s p e c if ic  inform ation concerning 

swamp tenperatures and to determine the e f f e c t  o f  severa l aspects  

o f tenroerature upon reproduction:

1 . la t e  spring and e a r ly  f a l l  f r o s t s  upon seed lin g
m o rta lity .

2 . the low tenroerature o f the fo r e s t  f lo o r  in  r e la t io n
to the delay or p roh ib ition  o f seed germ ination.

3 . the r o le  o f  s o i l  temperature as a  fa c to r  determining
the preference fo r  the type o f germinating
medium in  swamps.

Two p a r t ia l  weather s ta t io n s  were constructed  w ith in  the swamp.



M in im um and maximum temperatures were obtained in  three p o s it io n s  

at each s i t e ,  one set. at 2 to  3 in ch es below the surface o f the  

swamp s o i l ,  another set from the in s id e  of decayed lo g s  (the most 

s a t is fa c to r y  germinating media fo r  cedar seed lin g s  in  the swamp), 

and a th ird  se t from 2 to  3  inches above the surface o f  the swamp 

f lo o r .  F igures 2k and 25 i l lu s t r a t e  the typ es o f in s t a l la t io n s .

The se t  at the Cusino s ta t io n  was used as an upland check o f a ir  

tem peratures. Headings were obtained semi-weekly.

H esu it8

Figures 2 6 , 27, and 28 in d ic a te  the mean, minimum, and 

maximum temperatures throughout th e growing season at 2 to 3 inches  

above the surface o f  the swamp f lo o r  (A ir ), 2 to  3 inches below  

the surface of the swamp f lo o r  ( S o i l ) ,  in  decaying lo g s ,  and at  

an upland check s ta t io n  (A ir ). I t  can be seen that during the  

periCd o f seed germ ination (June and J u ly ) , the temperatures 

w ith in  lo g s  in  various sta g es  o f decay were higher than the 

temperature of the fo r e s t  f lo o r . The maximum temperatures a tta in ed  

in  the decaying lo g s  was a lso  higher; minimum temperatures over­

lapped in  range. This la t t e r  phenomenon appeared to  occur at 

tim es when the water ta b le  would drop beneath the gauges in the 

swamp f lo o r .

The average semi-weekly v a r ia tio n  between minimum and max­

imum temperatures was a lso  greater w ith in  the lo g s . I t  averaged 

6 . 8° F. fo r  the swamp s o i l  s ta tio n s  as compared w ith  10 . 6° F. for  

the decaying lo g  s ta t io n s . The average v a r ia tio n  o f the a ir ju st



JTigure 2*4-. An i l lu s t r a t io n  of the lo c a t io n  o f thermometers 

designed to obtain  minimum end maximum temperatures above the  

surface o f the swamp f lo o r .



Figure 25. An i l lu s t r a t io n  o f the lo c a t io n  o f thermometers 

designed to obtain  minimum and maximum temperatures in  decaying lo g s .



MEAN MONTHLY TEMPERATURES FOR SWAMP SOIL, LOG, AND
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I f  Temperature readings were in  degrees yah ren h eit.
■*' Readings obtained during 19**9 season.
3 /  The in land  check s ta tio n  measured a ir  temperatures.
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MONTHLY MINIMUM TEMPERATURES FOR SWAMP SOIL, LOG, AND
AIR STATIONS AND AN UPLAND CHECK STATION.
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•*/ Temperature readings were in  degrees Fahrenheit.
■2/ Readings were obtained during 19^9 season.
3 /  The upland check s ta tio n  measured a ir  temperatures.



MONTHLY MAXIMUM TEMPERATURES FOR SWAMP SOIL, LOG, AND
AIR STATIONS AND AN UPLAND CHECK STATION.
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Figure 28 . 1 / 2 /  3 /

—/  Temperature readings were in  degrees Fahrenheit.
2 / Readings obtained during 19**9 growing season.
2 /  The upland check s ta tio n  measured a ir  temperatures.



above the swamp flo o r  was 30. 0° P.

R esu lts  at the two s ta t io n s  were in  very c lo se  accord w ith  

each other. Table 14- in d ic a te s  th e v a r ia tio n  between the two s o i l  

and lo g  s ta t io n s  for the month o f August, 1949*

I t  i s  a lso  noteworthy th at the average a ir  temperatures 

w ith in  the swamp are considerably lower than those o f a  check 

s ta t io n  lo ca ted  on an adjacent upland r id g e . This i s  e s p e c ia lly  

true o f  the minimum temperatures and the average monthly temp­

eratures ( f ig u r e s  26 and 27) .

The e f fe c t  o f la te  spring and early  f a l l  f r o s t s  on repro­

duction are d iscu ssed  in  d e ta il  elsewhere in  t h is  d is s e r ta t io n .

In summation, la t e  spring f r o s t s  were found to k i l l  seed lin g s .

Ho in d ica tio n  was found of damage by early  f a l l  f r o s t s .

(termination o f seeds on the swamp f lo o r  was la t e .  I t  was 

d e f in it e ly  behind seed germ ination on other types o f media. I t  

i s  f e l t  that the low temperature o f  the swamp f lo o r  caused t h is  

delay.

The fa c t  that the mean temperature o f the swamp f lo o r  was 

found to be lower than that o f  lo g s  and stumps in  verying stages  

o f decay correla ted  w ith  the amount o f seed lin g  reproduction.

The fa c to r  causing the d ifferen ce  in  germ ination between these  

two media, in  the cases  that were not eaqposed to such a degree 

that moisture supply i s  the lim it in g  fa c to r , i s  temperature.

The lim ite d  work of LeBarron and H eetzel ( 38) at Dukes, 

Michigan on swamp s o i l  temperatures provides a further check on 

the r e s u lt s  obtained in  th is  study. On June 11, 194-1, twelve



Table 14-. — Temperature re la tio n sh ip s  during August 1949

( in  degrees Fahrenheit)

S ta tio n Location : Mean 
: temperature

Minimum
temperature

Maximum
temperature

V ariation^ /

1 S o il 59 .0 45 .0 68 .0 1 0 .0
2 S o il 56.5 46.0 71.0 8 .8
1 Log 59.5 40 .0 72.0 13.6
2 Log 59.3 45.5 72.0 1 1 .0

i f  Based on the average semi-weekly v a r ia tio n  between minimum and 
maximum temperatures.



inches "below the surface o f  the swamp f lo o r ,  the temperature was 

52° P . w ith a  range o f between and 49° in  s im ilar  p o s it io n s  

elsewhere in  the swamp. Readings fo r  that period  during 19̂ *9 at 

2 to 3 inches "below the swamp surface at Cusino averaged 49° 2*. 

fo r  S ta tion  1 and 4 8 .5 °  fo r  S ta tio n  2.

The laboratory r e s u lt s  in d ica ted  that the lower threshold  

for  germ ination of cedar occurred somewhere between lU° and 18° 0 . 

(5 7 .2 °  and 6*f.4-° P . ) .  I f  exposure to co ld  temperatures during 

the w in ter p lu s  a ltern a tio n  o f temperature has not markedly 

lowered the th resh old  o f germ ination, the temperature stu d ies  

would in d ica te  that the seed i s  ab le to a tta in  the surface 

temperature o f  the media involved and commence germination w ith ­

out a warm layer  o f s o i l .

The hyp oth esis that the exposure to co ld  and a ltern a tin g  

temperatures have s l ig h t ly  lowered the threshold  seems more 

ten ab le . This conclusion  i s  based on the fa c t  that swamp s o i l s  

are characterized  by a  very high water ta b le  during the period  

of germ ination, thus p o ss ib ly  reducing the temperature d if f e r e n t ia l  

between the surface and underlying la y ers .



S o il Moisture

Methods

S o il m oisture s tu d ies  w ith  regards to i n i t i a l  seed lin g  

reproduction were in s t ig a te d  w ith  the fo llo w in g  o b jec tiv e s  in  mind*

1 .  to ob ta in  s p e c if ic  inform ation on swamp m oistures.

2 . to determine the e f f e c t  o f low mid-summer m oisture 
on seed lin g  m orta lity .

3 « to determine i f  s o i l  moisture i s  a fa c to r  in flu en cin g  
preference fo r  type o f germ inating media in  the swamp.

Paired sanrolea o f approximately 50 grams each were obtained semi

weekly a t each of two s ta tio n s  in  each o f two types o f germ inating

media — lo g s  in  variou s stages o f decoy and w ith in  the top 3” o f  the

organic s o i l .  These samples were taken from May 12 to September 26

during the 19*+9 growing season. Samples were oven dried a t approx- 
o

im ately  100 C. and reweighed when oven dry. The actual percentage  

o f m oisture was then determined. Samples were obtained from media that 

was supporting cedar seed lin g  reproduction. Weighings were made to a 

2 mg. accuracy and m oisture percentages ca lcu la ted .

Two water l e v e l  gaugeB were in s ta lle d  during the summer of 

19^7* One was lo ca ted  in  S ection  19 3y+7N B16W, c lo se  to the up­

land but w ith in  a cedar-spruce type. I t  was su b ject to considerable  

drainage from the uplands and thus showed marked f lu c tu a tio n s . The 

other gauge was lo ca ted  in  S ection  30 T*+7N B l6tf —  w ith in  the swaiip 

proper and not sub ject to the f lu c tu a tio n s  described  fo r  the previous 

gauge. Readings were taken ir r e g u la r ly  during 19^7, weekly during 

the summer of 19**8 , and weekly during the e n tir e  growing season fo r  19^9



Figures 29 and 30 show the water le v e l  during the 19^3 and 19^9 

growing seasons.

R esu lts

I t  was noted that the m oisture content o f the swamp f lo o r  was 

greater than the m oisture content o f lo g s  in  variou s stages o f decay 

upon which cedar was found germ inating (ta h le  15)» The m oisture  

percentages of "both types o f media throughout the growing season i s  

w ell above the w ilt in g  percentages arrived at by F eu ste l and Byers 

(21) fo r  p ea ts. The mean s o i l  m oisture percentage throughout the 

growing season was determined to be 560 .1  percent fo r  both s ta t io n s .  

The mean lo g  m oisture percentage fo r  that p eriod  was found to be 

**73»9 percent. The standard d ev ia tio n  of the in d iv id u a l semi-weekly 

determ inations from the seasonal mean was found to be 120 percent 

for  the s o i l  medium and 135 percent fo r  the lo g  medium.

Water was standing in  the swamp on July 2 3 , 19^9 . This 

con d ition  was not the r e su lt  of recent ra in s but rather i s  in d ic a tiv e  

of the water tab le  a t that tim e. The data in d ic a t iv e  o f the r o le  o f  

d es icc a tio n  in  the se c tio n  of the d is se r ta t io n  on seed lin g  m orta lity  

were la r g e ly  gathered fo llow in g  a severa l month period  of dryness in  

the 1948 growing season.

Although determ inations were not carried  out on hardwood 

l i t t e r  throughout the growing season, observations in d icated  that 

the p r in c ip le  reason that v ia b le  seeds of cedar did  not tend to 

germinate upon the l i t t e r  was the la ck  of m oisture in  the medium. 

Samples of hardwood l i t t e r  gathered on July 28, 19**9 fo llo w in g  two 

days o f rainy weather w ith a p r e c ip ita tio n  o f approximately 1 .2 4
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JTigure 29. Water le v e l  readings during the 19^6 growing 

season in d ica tin g  weekly f lu c tu a tio n s  in  the water ta b le . The 

Section  19 gouge was located  c lo se  enough to the upland so that 

i t  was subject to rapid drainage. This phenomenon probably accounts 

fo r  the greater v a r ia tio n  in  i t s  readings as compared w ith  the 

Section  30 observations.
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Pigure 30. Water le v e l  readings during the 19*<9 growing 

season in d ica tin g  weekly f lu c tu a tio n s  in  the water ta b le . The 

gauge in  S ection  30 was inundated during most o f the observation  

p eriod . A comparison w ith  the 19^8 season i l lu s t r a t e s  the  

extreme v a r ia tio n  between growing seasons (f ig u r e  29)•



Table 15. — Average m oisture -percentage o f the two major types of

germ inating media for  c e d a i^

(In  percentage)

Month
: S o il Bog

: S tation  1 : S ta tion  2 Station  1 : S ta tion  2

May 591 604 507 489
June 579 540 404 421
Ju ly 566 600 495 480
August 5*i4 514 457 504
September 480 547 574 536

Mean^/ 560 .6 559.7 470.7 477.2

i f  Data c o lle c te d  during 1949.
2 /  Based on an average o f the semi-weekly readings



inches had an average moisture percentage of 1 4 8 .4  as compared w ith  

666.2 percent in  the organic swamp s o i l  and 4 4 7 .7  percent fo r  lo g s  

in  varying stages o f decay. During the drier p eriod s o f the growing 

season, th is  type of medium was found so dry th a t crumpling w ith  the 

hands would break the le a f  components o f the l i t t e r  in to  numerous 

p ie c e s .

I t  should be emphasized that hardwood l i t t e r  covers an 

important p ortion  o f the ground area o f swamps. The areas which 

are in im ica l to cedar seed lin g  reproduction are mainly alder clumps 

or a lder stands c o n s titu tin g  a s ig n if ic a n t  acreage.

The observations a ttr ib u ted  to the "swamp floor"  are 

composed o f mosses, con iferous l i t t e r ,  and the remains of shrubby 

and herbaceous a sso c ia te s  among other th in gs. The n e e d le - ty p e  

character of the con iferous lea v es  i s  o f such a nature that i t  does 

not form a mat s im ila r  to that formed by hardwood l i t t e r .  The 

exceptions occur in  northern w hite cedar and w h ite  p in e . Observations 

in d ica ted  that cedar branchlets on the swamp f lo o r  have a h igh  

m oisture re ta in in g  capacity  and seem to be m oist enough to a llow  

adequate reproduction. White p ine need les, however, are in c lin e d  to 

form a mat that has a tendency to dry out on th e surface la y e r .



Drainage

Methods

A study was in s t ig a te d  to determine the e f f e c t  o f natural 

d ra in age^  upon northern w hite cedar seed lin g  reproduction. 

Experimental d esign  fo llow ed  that o f LeBarron and N eetzel ( 38 ) 

in so fa r  as p o ss ib le . With th e ir  r e s u lts  in  mind, four l in e s  were 

e sta b lish ed  perpendicular to the Creighton creek  (S ectio n  19 T̂ TN, 

B16W) on meanders in  such a manner that the c lo s e s t  d istan ce  from 

the p lo ts  to a drainageway would be along the esta b lish ed  l in e .

The l in e s  were 125  f e e t  in  len gth  w ith  p lo ts  lo ca ted  from the bank 

of the stream to the end o f the l in e  at 25 f e e t  in te r v a ls . A 

m ilacre was examined at each p lo t  lo c a tio n  fo r  cedar seed lin g  

reproduction under 2 f e e t  in  h e ig h t.

P lo t r e je c t io n s  were at 2 standard d e v ia tio n s . In th is  

d iscu ss io n  none o f the p lo ts  has been included that f a l l  o u tsid e  

the l im it s  o f 2 standard d ev ia tio n s . Thus approximately 5 percent 

of the more e r ra tic  p lo ts  are e lim inated . Two standard d ev ia tio n s  

was chosen as the p oin t o f r e je c t io n  in  accordance w ith the 

su ggestion  of Bruce and Schumacher (8 ). In c lu s io n  of p lo ts  w ith  

greater than two standard d ev ia tio n s  from the arithm etic mean 

would permit s in g le  p lo ts  to exert undue in flu en cy  upon ca lc u la tio n s  

of means.

1/
A r t i f i c ia l ly  induced dralnagewoys are of l i t t l e  consequence in  

swamp stands but the presence of streams and natural drainageways 
e f fe c t  considerable areas. Therefore, the la t t e r  s itu a tio n s  were 
chosen fo r  stu d ies  on the e f fe c t  o f drainage.



R esults from the four l in e s  were t a l l i e d .  These r e s u lt s  

prompted the establishm ent of fou r more f i f t y  fo o t  l in e s  w ith  p lo ts  

at 25  fo o t  in te r v a ls . I n i t ia l  reproduction (0 to 2 f e e t  in  h e ig h t)  

was t a l l i e d  from m ilacre p lo ts  in  the same manner as p rev io u sly  d escribed . 

The area i s  lo ca ted  in  a R if le  p ea t s o i l  type. The cover was predom­

in a n tly  cedar w ith  an admixture o f spruce and balsam. Stream drainage 

i s  in to  the Creighton River, the M anistique R iver, and thence in to  

Lake Michigan.

R esu lts

The t a l l i e s  o f the four l in e s  e s ta b lish ed  in d icated  a d e f in it e  

decrease in  seed lin g  reproduction from a 50 f o o t  d istan ce to the  

stream 's edge. Four more l in e s  e s ta b lish ed  perpendicular to the 

drainageway and w ith  p lo ts  a t the stream 's edge, 25  f e e t ,  and 50 

f e e t  supported the i n i t i a l  r e s u lt s .  The data fo r  the eigh t l in e s  

were grouped ( ta b le  1 6 ).

I t  was found that the p lo ts  d ir e c t ly  adjacent to the stream  

were in  water during a portion  o f  the study p eriod . I t  was a lso  

observed that the percentage of herbaceous ground cover decreased as 

one traveled  away from the stream 's edge. The v eg eta tio n  adjacent to 

the stream was mainly composed o f sedges.

Light readings in d ica ted  that the swamp surface adjacent to 

the stream*3 edge received  more l ig h t  than the p lo ts  fa rth er  removed 

due to the opening made by the stream i t s e l f .  However, l ig h t  

measurements carr ied  on throughout the course o f the study in d ica ted  

that the values obtained were not too high fo r  seed lin g  establishm ent.
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Table 16. — Average seed lin g  reproduction at various d is ta n c es  from

a natural  drainageway.

•
•

D istance : 
from !

drainage :
•
•

Average 
number o f  
seed lin g s

Number o f  
observations

Stream1s edge 3 .7  5 8
25 fe e t 5 .38 8
50 « 8 .12 8
75 " 11.75 b

100 » 13.50 b
125 " 10.75 b

I



I t  i s  f e l t  that the r e la tio n sh ip s  obtained in  th is  phase of 

study were corre la ted  w ith  inundation hut no experim ental evidence  

can he produced in  h eh alf o f th is  h ypothesis.

Rodent and Snowshoe Hare Browsing 

Methods

Rodent and snowshoe hare browsing was noted very freq u en tly  

in  cedar reproduction in  the study area. With th ese  observations in  

mind, a ser ie s  o f p lo ts  were in s t ig a te d  to check the combined e f fe c t  

of th e ir  browsing upon i n i t i a l  seed lin g  reproduction(0 to 2 f e e t  in  

h e ig h t).

Two rodent and snowshoe hare proof p lo ts  and two check p lo ts  

were constructed and lo ca ted  in  such a manner th at rodent and snow- 

shoe browsing w ith in  the p lo ts  could be the only s ig n if ic a n t  

d iffe r e n t ia t in g  fa c to r . Costs o f m aterial and labor lim ited  fu rth er  

r ep lic a tio n . There was n e c e ssa r ily  some d iffe re n ce  between l ig h t  

conditions in  the check and the animal proof p lo t s  but th is  was 

reduced in sofar as p o ss ib le  by p la c in g  a p a r t ia l  w ire along the  

check p lo t  s id e s . The p lo ts  each covered one square meter o f the 

swamp surface.

One-half inch p ipe was cut and assembled in to  a square meter 

frame w ith a bar down the center fo r  support. A union was included  

in  each h a lf o f the frame to enable i t  to be tigh ten ed  to the exact 

s iz e .  This frame was attached to 6 -fo o t len gth s o f th ree-  

fourths inch p ipe and driven three f e e t  in to  the ground. The tops of



the p lo ts  were covered w ith k  x  4  mesh hardware c lo th . The s id e s  

of the animal proof p lo ts  were dug in  to a depth o f 6 inches below  

the swamp f lo o r  l e v e l .  The w ire s id e s  of the check p lo ts  were placed  

at l*f inches from the ground l in e  to allow ample room fo r  rodents  

and snowshoes to enter the p lo t .  E igures 31 (a) and (b) i l lu s t r a t e  

the rodent and snowshoe proof p lo t s  and the check p lo ts .

An index of the rodent population  in  the study area was obtained  

during the summer of 19*1-3 ( ta b le  17)» fo llo w in g  in  general the  

procedure ou tlin ed  by C a lh ou n (ll). A to ta l  o f 605 trap n igh ts  in  

three days trapping on four l in e s  were used to ob ta in  the index.

The trap l in e s  were p laced  at a d ista n ce  from the p lo t  lo c a t io n s  

that should preclude the p o s s ib i l i t y  o f an in flu e n c e  on the rodent 

population  but were s t i l l  c lo se  enough to be w ith in  the same cover  

type.

The w inter rodent popu lation  was not obtained. No index of 

snowshoe hare p op u lation  was determined although observations  

in d ica ted  that the snowshoe hare were abundant in  the study area.

R esults

Table 18 in d ic a te s  the seed lin g  m orta lity  in  the p lo ts  

between the time of establishm ent (Ju ly , 19*J8) and the time the snow 

was o f f  the ground in  the fo llo w in g  spring (A p ril, 19**9)• Examinations 

showed that the m o rta lity  of 8 .5  percent o f the seed lin g  population  in  

the check p lo ts  was d e f in i t e ly  due to rodent and snowshoe hare 

browsing. Snowshoe hare sca ts  were found on the f lo o r s  o f th ese  p lo ts .  

In P lo t  299, a check, three other seed lin gs had l o s t  th e ir  t ip s  due



Figure J l ,  (e ) Rodent end snowshoe hare proof p lo t ,  (h) Check p lo t
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Table I? . — R esu lts o f 605 trar> n igh ts  on four rodent trapping lln e s^ /

( in  in d iv id u a ls  trapped)

Species : Male : Female

Sorex cinereus(Masked shrew) 6 6
Clethriononws gapneri(Red-backed v o le ) 1 2
Microtus t(ennsylvanicus(Meadow v o le ) 2 0
Eutamius minimus(Least chipmunk) 1 0

l /  The trapping period was during August 19*4-8.



Table 18. — Seedling counts In rodent and snowshoe hare proof

p lo ts  and checks 

( in  number o f stems)

P lo t Type o f  P lo t
•
•

Ju ly  : 
1948 :

A p ril : 
19.^9 :

Loss 
Caused by 

Browsing

300 Rodent and snowshoe proof 33 33 0
296 Rodent and snowshoe proof 35 34- , ,0
299 Check 38 33 I /2
294 Check 33 29 4-

l /  The lo s s  o f the other 3 seed lin g s was caused by fa c to r s  other  
than rodent and Bnowshoe hare browsing.



to 'browsing. F iv e  seed lin g s  in  P lo t  294, a lso  a check, showed sim ilar  

damage. Thus a t l e a s t  20 percent o f the seed lin g s  in  the check  

p lo ts  showed browsing m orta lity  or in ju ry  during a s in g le  w in ter .

Browsing o f sm all seed lin g s  was not confined  to the s p e c if ic  

area included in  th is  phase o f study. Counts made in  the Escanaba 

Elver area — s p e c if ic a l ly ,  S ectio n  13 T44N R26W — in d ica ted  wide­

spread damag e by rodent and snowshoe hare browsing a lso . On a m il-  

acre p lo t  o f 103 s e e d lin g s , 20 o f them (19.4$) were sev ere ly  browsed. 

Another p lo t  con ta in in g  *101 seed lin g s  had approximately 40 percent 

of i t s  seed lin gs browsed.

Although the stu d ies  in c lu d e both rodent browsing and 

snowshoe hare browsing, the r e s u lt in g  damage was grouped. Both 

mice and snowshoe damage were found. A m icroscopic check in d ica ted  

equal damage by the two groups in so fa r  as id e n t if ic a t io n  could be 

made.

I t  was not p o ss ib le  to determine the type o f damage to seed­

lin g s  in  th e ir  f i r s t  few years o f growth. The cedar stem was more 

of a succulent than woody nature and methods o f  id e n t if ic a t io n  (48) 

did not adapt them selves. The seed lin g s  were too small to in d ic a te  

more than a s in g le  to o th -cu t.

The e f fe c t  of rodents on seed lin g  reproduction i s  not unique 

to northern w hite cedar. Krauch (33 , 34) has demonstrated that  

s i lv ic u lt u r a l  methods designed fo r  co n tro llin g  of the rodent 

population  i s  necessary in  D o u g la s-fir  s i lv ic u ltu r e  in  order to 

ob ta in  adequate stock in g .

I t  was thought that the check p lo ts  might a ttr a c t  rodents and. 

snowshoes due to the fa c t  that the hardware c lo th  used as a covering



did c o l le c t  a la y er  of snow and thus exposed th is  area before the  

surrounding swamp f lo o r  in  the spring. However, the r e s u lt s  o f  

checks in  other areas tend to d is c r e d it  the p o s s ib i l i t y  of t h is  being  

a major source of error.

S o il  and Cover (types 

Methods 

S o il  (types

Some o f the conponent fa c to r s  c o n s titu tin g  the d iffe r en c es  

between and among s o i l  type3 were stu d ied  in  d e t a i l  rather than as 

a study of the sura expression  o f  the edaphic fa c to r s  as s o i l  and 

are presented in  other sec tio n s  o f the d is s e r ta t io n . However, in ­

so far as many of th e  observations were made by a s o i l  type grouping, 

r e s u lt s  o f  th ese observations are included in  the fo llow in g  

d iscu ssio n .

Cover (types

Stand con p osition s and b asal areas were obtained by l / lO th  

acre cr u ise s  on 15 p lo ts  which were estab lish ed  in  conjunction w ith  

the s o i l  type ob servation s.

R esu lts  

S o il  (types

Although northern w hite cedar occurs on Kerston muck, 

inundated con d ition s caused by beaver dams on the Ker3ton mack 

tr a c ts  w ith in  the general study area precluded the p o s s ib i l i t y  

of studying th is  type.

Spalding p eat stands in c lu d in g  cedar were found to be



l ig h t ly  stocked. Cedar was sc a tte re d , o ld , and sm all; cedar repro­

duction was lim ited .

Eeproduction on Ogemaw f in e  samdy loam was extremely lim ite d .  

Cedar i s  not one o f the dominant sp e c ie s  in  the o r ig in a l stands. 

Although th is  s o i l  c la s s  would f a l l  in to  a drainage catena w ith  

Saugatuck and Newton sands more c lo s e ly  than w ith  the upland s o i l  

types, i t  showed l i t t l e  promise o f becoming a cedar-producing  

type.

Newton and Saugatuck sands are more or l e s s  in term ediate in  

number o f seed lin g  stems between the poorly drained upland s o i l s  

w ith  cedar occurring, in  the canopy and the organic swamp s o i l s .

The h ig h est numbers o f stems of reproduction were found in  the  

more h ig h ly  decomposed organic s o i l s  of the swamps, B if le  peat and 

Oarbondale muck.

Although Longrie loam does not cover ex ten siv e  areas, i t  was 

found in  swamp border and ridge s itu a t io n s . E x ce llen t cedar 

reproduction occurs in  a fo r e s t  type that can j u s t i f ia b ly  .be 

included in  the "old f ie ld "  cedar type (15) on lo n g r ie  loam.

The depth o f organic s o i l  was measured to provide a c lea rer  

p ictu re  o f the con d ition s e x is t in g  throughout the swamp and adjacent 

r id g es. The depths varied  markedly — from 2 to 3 inches on upland 

s i t e s  and Newton and Saugatuck sands to as deep as 76 .5  inches in  

the deep E if le  p ea t. Watson (5 6 ) in d ica tes  that the s i t e  i s  pro­

g r e s s iv e ly  b etter  as the organic s o i l  layer  decreases in  depth.

S ite  in d ices  by s o i l  types were obtained fo llo w in g  the  

suggestions of GevorkLantz and Duerr (25) .  The values obtained  

placed the s i t e s  w ith in  a narrow range of d iffe r e n c e s . With the  

exception  of a Newton sand area and the Oarbondale muck type, the 

s i t e  index fo r  cedar in  the s o i l  types studied  f e l l  in  the 45 c la s s .



The Newton sand area was a  somewhat poorer s i t e ,  the s i t e  index  

of one o f the p lo ts  f a l l i n g  in to  the 35 c la s s .  On one o f the  

Oarbondale muck p lo t s ,  a s i t e  index o f  55 obtained. No stands 

of Longrie loam o f s u f f ic ie n t  h e ig h t to s a fe ly  f i t  the ta b le s  were 

found. S ite  index as u su a lly  d e f in e d ^  did  not seem to adequately  

d if fe r e n t ia te  cedar s i t e s .

Cover Types

Northern w hite cedar was found to occur most commonly in  the 

Cusino area in  three major fo r e s t  typ es; the b lack  spruce type, the 

northern w hite cedar type, and the b lack ash-Araerican elm-red maple 

type. I t s  occurrence in  other types was lim ite d . In c lo sed  stands, 

i t  was found that an in crea sin g  amount of cedar reproduction seemed 

to be roughly co rre la ted  w ith  an in crea sin g  b asa l area o f cedar. 

Total reproduction under 2 f e e t  in  h eigh t in  6 m ilacre p lo ts  lo ca ted  

in  stands w ith l e s s  than AO square f e e t  basal area of cedar per  

acre showed an average of l e s s  than one seed lin g  per p lo t  as com­

pared w ith  6.^  seed lin g s  per m ilacre in  9 p lo ts  on which the basal 

area o f cedar ranged from ho to 100 square f e e t .  V egetative repro­

duction  averaged 1 .8  stems per m ilacre fo r  the lower b asa l areas  

and 9*9 stems per m ilacre fo r  the higher ones.

There i s  a d e f in it e  r e la tio n sh ip  between s o i l  and cover  

types. The black spruce or tamarack types are correla ted  w ith  

Spalding peat. The black spruce type i s  a lso  found to be prevalent

^  S ite  index i s  u su a lly  d efined  as the h eigh t in  f e e t  o f the  
asymptote of the h e ig h t-d .b .h . curve.



on Newton sand. Ogemaw f in e  sandy loam areas supported an a sso c ia t io n  

that would prohahly he c la s s i f ie d  as a w hite spruce-halsam fir -p a p er  

"birch type. Ihe Longrie loam s o i l  type i s  a sso c ia ted  w ith  the northern  

white cedar cover type and Saugatuck sand w ith the "black ash-American 

elm-red maple type.

I l i f le  p ea t, Kerston muck, and Oarbondale muck support a  cedar- 

spruce-halsam f i r  tamarack a s so c ia t io n , a l l  o f which would he c la ssed  

as the northern w hite cedar type. On the Oarbondale muck, there i s  an 

in flu x  of lowland hardwoods and the most h igh ly  decomposed areas of 

th is  type might he found supporting the "black ash-American elm-red  

maple type.



Age o f  Stand 

Methods

Observations throughout the study in d ica ted  th at the age of

main stems at the tim e o f cu ttin g  when considered on a stand b a s is

might in flu en ce the la y er in g  a b i l i t y  o f the lower branches. I t  

i s  a lso  known that se lf-p ru n in g  reduces the number o f lower branches 

that would be capable o f layerin g  at the time o f  cu ttin g .

Two swamp cedar stands were chosen fo r  the study. Their

s e le c t io n  was p rim arily  based on the r e la t iv e  amounts o f  v eg e ta tiv e  

reproduction over 2 f e e t  in  h e ig h t. A com pletely c lea r  cut area  

at Cusino had e x c e lle n t  v eg e ta tiv e  reproduction. The Bob's Lake 

r e le a se  cu ttin g s  (P lo t 36 ) had l i t t l e  or no reproduction o f a 

v eg eta tiv e  nature. The stand adjacent to  the cu ttin g  at Cusino 

was prim arily  in  the 0 to 6 inch d .b .h . c la s s e s .  The remaining 

uncut stand at Bob' s Lake appeared mature w ith  overmature stems 

in  evidence.

Five l in e s  ( l  chain x  10 l in k s  each) e s ta b lish ed  in  each of 

the two lo c a tio n s  were searched fo r  cedar stumps o f the previous  

cu t, i . e .  approximately 10 years ago. The stumps were measured w ith  

a diameter tape, cut back to ob ta in  a fresh  cu t, and smoothed down 

to a surface such that the annual r in g s could be ascerta in ed  w ith  

the a id  of a hand le n s . Only 3 o f  the stumps in  the 10 p lo t s  were 

decayed to the p o in t that a p a r t ia l  estim ate o f age was necessary. 

T a ll ie s  o f v eg e ta tiv e  reproduction o f cedar and the number o f  

stems o f other sp ec ie s  were made in  each o f the p lo ts .  Height 

c la s s  was designated  as from 2 to 8 f e e t .  The average age o f the 

cedar stumps in  each lo c a t io n  was ca lcu la ted  and the mean diameter 

of the stems at each lo ca tio n  was ascerta ined . The number o f  former



stems by age c la s s e s  was obtained and summarized in  an accum ulative 

ta b le .

R esu lts

More cedar stems o f sm aller diameter and younger age c la s s e s  

v/ere cut in  the Cusino cu ttin g s  than in  the Bob1 s Lake cu ttin g s  

( ta b le  19 ) .  The d ifferen ce  in  the amount o f  cedar v eg eta tiv e  

reproduction in  favor o f the Cusino cu ttin g  i s  very apparent 

( ta b le  2 0 ). In the l ig h t  o f ob servation s o f the remaining p lo t s  

at Bob's Lake, i t  i s  c le a r ly  evident that the type of cu ttin g ^ / 

did not d if f e r  enough from the Cusino cu ttin g s  to cause the d i f f e r ­

ence in  r e s u lt s .  R e lia b le  estim a tes  in d ica te  th at the Cusino stand  

was cut at a much e a r lie r  age than the Bob' s Lake cu ttin g  and 

sm aller stems were cut although we were not able to e s ta b lish  the 

exact age of the stands at the tim e o f c u ttin g . Table 21 p resen ts  

data showing that t h is  con d ition  e x is t s  — the fa c t  that 64 percent 

o f  the stems cut at Cusino were in  the 80-year age c la s s  or under 

whereas only 36 percent o f the cedar stems at Bob1s Lake f e l l  

w ith in  t h is  category. In actu al numbers, there were tim es 

as many stems in  the 80-year c la s s  or under at Cusino as at 

Bob's Lake.

Purther observations d isc lo se d  that the only v eg eta tiv e  

reproduction found in  the Bob's Lake cu ttin g  was lo ca ted  in  P lo t  

40 — a p lo t  cut to a 4  inches d .b .h . minimum diameter lim it  

but w ith  young cedar stems from 2 f e e t  in  h eigh t to  3 inches d .b .h .

The Cusino cu ttin g  was an absolute c lear cu t. The Bob's Lake 
cu ttin g  (P lo t 36 ) was to a 4 inches d .b .h . minimum diameter l im it .
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Table 19. — Number o f cedar stumps, th e ir  mean ages and diam eters

Item
P lo ts

: 1 : 2 :
• • • •

3 ••
4 : 5 : Weighted 

: : mean

Bob1s Lake C uttings (P lo t 26 )

Number o f stumps 
Mean age in  years 
Mean diameter 

in  inches

11
130.1

7 .2

2
158.5

1 0 .6

6
152.3

5 .9

5
106 .2

4 .6
129 .4

6 .4

Cusino cu ttin g s  (Browse Procurement P lo t)

Number o f stumps 
Mean age in  years  
Mean diameter 

in  inches

7
111.0

4 .6

6
48 .6

2 .1

15
77.0

3 .8

11
107 .0

^.3

15
74.6

3-3
83.7

3 .7

l /  In d ica tio n s showed that the stumps sma.ller than 4  inches d .b .h .  
were in  or along skid roads.

I
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Table 20. - -  Reproduc tio n  from 2 t o 8 fe e t  in  height

(In  number o f  steins)

t
•

: P lot
Stems •

: 1 : 2 : 3 : k  : *5 : Per ecre

Cedar (vegeta.tive) 0
Other stems per a c r e l /  ^3

Boh* s Lake Cuttings (P lot 36)

0
53

0
66

o
50

0
6^

o
5520

Cedar (v eg eta tiv e ) 52
Other stems per a c r e ! /  35

Cusino Cuttings (Browse Procurement P lo t)

26
7^
20

68
22

56
38

5960
2820

1 / A ll  alder and w illow  stems above 2 fe e t  in  height were t a l l i e d  in  
view o f th e ir  rapid ra te  o f  growth. Other sp ec ies  t a l l i e d  include  
spruce, "balsam f i r ,  tamarack, w hite "birch, red maple, red -o sier  
dogwood, "balm of g i l ia d ,  "black cherry, serviceberry, and aspen.



Table 21. — Accumulative t a l ly  o f  stumps by o.r:e c la s s e s

( in  number of stumps)

Age
n u i/ •

:20 : 40 : 60

oCO : 100 : 120 : 140 : 160 : 180 j Over 180

Bob * s Lake cu ttin g s (P lo t 36)

1 0 0 2 4 7 7 7 7 9 11
2 0 0 0 1 1 1 1 1 1 2
3 0 0 1 2 3 3 3 4 4 6
4 0 1 1 1 2 2 5 5 5 5
5 0 1 1 1 1 1 1 1 1 1

Total 0 2 5 9 14 14 17 IS 20 25

Cusino cu ttin g  (3rov;se Procurement P lo t )

1 0 0 1 2 3 4 7 7 7 7
2 0 2 4 6 6 6 6 6 6 6
3 l 4 5 11 13 13 13 15 15 15
4 0 1 3 4 6 7 9 10 10 11
5 1 2 7 11 12 14 15 15 15 15

Total 2 9 20 4-0 44 50 53 53 54



in  evidence.

A combination o f two fa c to r s  appears to  m anifest i t s e l f  

in  t h is  expression  o f the age o f the stand upon v eg eta tiv e  

cedar reproduction. The stands contain ing predominantly mature 

and overmature stems w ith  a h igh "basal area per acreXl are s e l f ­

pruned to a h eight that would preclude the p o s s ib i l i t y  o f ex ten siv e  

branch la y er in g , the p r in c ip le  type of cedar v eg e ta tiv e  reproduction. 

The younger stems that do have lower branches a lso  seem to express  

more v igor in  the branch la y ers  th a t form than do older tr e e s .

^  Gevorlciantz and Duerr (25) co rre la ted  in creasin g  age w ith  
increasing d en sity  o f cedar when expressed as b a sa l area.



ADVANCED REPRODUCTION

Survival and M orta lity  

Methods

Twenty four l/lO O th acre p lo ts  were e s ta b lish e d  in  a heavy 

winter deer yard on a R if le  p eat s o i l  type to determine the amount 

of m orta lity  in  the 2 to 8 fo o t  height c la s s  and the causal 

agents. This n e ce ss ita ted  a c r i t i c a l  examination of each stem, 

includ ing the root system, to determine the cause or causes o f  

m orta lity  in so far  as p o ss ib le . In the event that the e f fe c t  o f  

two or more p o ss ib le  causes was noted, e .g . both deer and snowshoe 

hare browsing, the fa cto r  that was most apparent was chosen. I f  

the cause of m orta lity  was not c le a r -c u t, the stem was c la sse d  in  

an "unknown11 category.

Advanced reproduction was esta b lish ed  as that reproduction  

that was from 2 to 8 f e e t  in  h e ig h t. The h eigh t c la s s i f ic a t io n  

wa3 made for a combination of reasons. Observations in d ica ted  

that a d ifferen t se t  o f environmental fa c to rs  are able to express 

themselves on these stems than on lower stems. The h eight at 

establishm ent to the 2 fo o t le v e l  would be the most equ itab le  s iz e  

c la ss  fo r  both i n i t i a l  seed lin g  and v eg e ta tiv e  reproduction. The 

designation  o f 2 to S f e e t  as advanced reproduction would a lso  

allow a more complete an a lysis  o f the o r ig in a l p lo t  t a l l i e s  in so fa r  

as they were taken in  0 to 2, 2 to 5> 5 to 8 fo o t height c la s s e s .

Comparable t a l l i e s  were made in  an unbrowsed p ortion  of the



swamp tu t  m orta lity  numbers were in s u f f ic ie n t  to make a numerical 

comparison between the causes o f m orta lity .

R esu lts

A t o ta l  of 72̂ - cedar stems were t a l l i e d  in  tw enty-four l/lO O th  

acre p lo ts .  Of th is  t o t a l ,  U9 .3  percent (357) stems were l iv in g  and 

50 .7  percent ( 367) were dead. I t  i s  not known how long a period  th is  

m o rta lity  rep resen ts. Decay o f woody m ateria l i s  known to be very  

slow in  swamps and i t  i s  probable that the m o rta lity  i s  the accumulated 

m orta lity  over a considerable period  o f years.

Deer browsing can rea d ily  be d istin g u ish ed  by i t s  ragged cu ts  and 

the "pulling off"  of browse. M orta lity  o f  advanced reproduction caused  

by deer browsing i s  shown in  f ig u re  32 . A comparison of reproduction  

that i s  fr e e  from browsing i s  shown in  f ig u r e  3^* Figure 35 i l lu s t r a t e s  

stems that have developed to a h eigh t such that th e ir  top fo lia g e  

i s  unavailab le to deer.

Snowshoe hare browsing i s  characterized  by sharp, smooth cu ts  

o f the lim bs. Although a combination of deer browsing and snowshoe 

hare browsing was found to occur, l i t t l e  trouble was experienced in  

determining which cause was predominant.

Oases were observed in  which rot had occurred on the branch 

from which the root system evolved in  stems o f v eg e ta tiv e  repro­

duction formed by branch layerin g . The ro t then seemed to progress­

iv e ly  invade that p ortion  of the branch under the surface o f the 

swamp f lo o r .

M ortality  was la id  to com petition in  heavy clumps o f repro­

duction that were under a heavy overstory. These cases were



Figure 32. Cedar m o rta lity  caused "by deer "browsing. Hote 

the presence o f  other woody sp ec ie s  th at are uhbrowsed.
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Pigure 3 3 . Deed, and dying young cedar as a  r e su lt  o f  deer 

■browsing. Potagannissing Deer Yard, Drummond Islan d , 19^1. 

(Photograph hy S.C . W hitlock .)



Figure 3^. Unbrowsed cedar reproduction. This may 1)6 compared 

w ith a h ea v ily  “browsed con d ition  (f ig u r e  3 2 ) .
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Figure 35* Browse l in e  on cedar. Long Point Base Lake Deer 

Yard, Drurunond Islan d , 193^» (Photograph hy P.E . G i l l e t t e . )

I



thoroughly perused fo r  deer and snowshoe hare "browsing before the 

stems were c la s s i f i e d  under the cause of com petition.

In some stems, formed by branch la y er in g , the ad ven titiou s  

roots  fa i le d  to develop. Roots were found to  be short and few in  

number. I t  was rea l iz e d  that many o f the sm aller roo ts  might have 

decayed and would not be in  evidence i f  m orta lity  had occurred  

sev era l years previous to the time o f  examination.

The leader (main stem) o f some o f the reproduction was found 

broken. The probable causes were snow and ic e  accumulations with 

p o ss ib le  wind a ction .

Windthrow of stems o f the large diameter c la s s e s  was found to 

destroy reproduction during the process o f windthrowing. The wind­

throw wa3 not that o f the reproduction i t s e l f .

The two most frequent causes o f m orta lity  in  twenty l/lOOth  

acre p lo ts  lo ca ted  in  a p ortion  of the swamp with no deer a c t iv ity  

were snowshoe hare browsing and root r o t .

Deer browsing has long been known to be an important fa cto r  

in  m orta lity  o f cedar reproduction in  the h eigh t c la s s e s  between 

the snow le v e l  and the upper lim its  o f  a v a i la b i l i t y  to the deer.

This p articu lar  m orta lity  study on advanced reproduction a ttr ib u ted  

^5 percent o f the m orta lity  to  deer browsing (ta b le  2 2 ). Snowshoe 

hare browsing accounted fo r  approximately 20 percent o f  the 

m orta lity  encountered. Alaous and Aldous ( l )  concur in  the 

importance of snowshoe hare browsing in  r e la t io n  to fo r e s t  repro­

duction by regarding i t  as one of the lim it in g  fa c to rs  in  p lan ta tion  

establishm ent in  the Lake S ta te s .

The r e su lts  o f th is  study concerning snowshoes are in



Table 22. — Advanced cedar re-production m o rta lity  in  a w inter

deer yard on a R if le  neat s o i l  type

Cause
•
•

: Humber of
: stems
«
•

Percentage
lo s s

Deer browsing 164 44.7
Snowshoe hare browsing 72 19.6
Hoot rot 22 6 .0
Competition 19 5 .2
Failure of root system 16 4 .4

to develop
Broken leader 7 1 .9
Y/ind throw 2 0.5
Cause unknown 65 17-7

Total 36? 1 0 0 .0



agreement with Trippensee=/ although observations in d ica te  that 

snowshoe damage to northern w hite cedar i s  a d e f in ite  problem.

Not only have th ese s tu d ies  in d ica ted  that rabb it browsing i s  an 

important causal agent of m orta lity  in  advanced cedar reproduction, 

but i t  has a lso  in d ica ted  that the snowshoe markedly reduces the 

already lim ited  supply of deer browse.

A p ra ctice  suggested by Trippensee (53) f or reducing coniferous  

p la n ta tio n  damage by the varying hare might w ell a id  in  reducing  

i t s  damage to cedar, i . e . ,  r e ta in in g  the enemies o f  the varying hare, 

in clu d ing  timber w olves, co y o tes, bobcats, lynx, and the great  

horned and barred ow ls.

E ffect o f Deer and Snowshoe Hare Browsing Upon Advanced 

Reproduction and Stand Composition

Methods

A se r ie s  o f  exclosures were e s ta b lish ed  by C iv ilia n  Conservation  

Corps crews during the summer o f 1937 under the d irec tio n  o f Shaler 

E. Aldous at the Upper Peninsula Experimental F orest, Dukes, Michigan. 

Each exclosure covers an area o f 600 square f e e t ,  liOO square fe e t  

o f  which has been made deer proof and 200 square f e e t  o f which has 

been made deer and snowshoe hare proof. The e f f e c t  o f tw elve years  

exclosure o f deer and the combined exclosure o f deer and snowshoes 

on reproduction i s  thus a v a ila b le .

i^Trippensee (53)» i n d iscu ssin g  food  preference o f  the snowshoe 
hare, s ta te s  that "the id ea  1 cover type fo r  the snowshoe i s  a 
mixture of hardwoods and c o n ife r s , hardwoods for food  and co n ifers  
fo r  protection" .



The four exclosures were lo ca ted  in  d if fe r e n t  s i t e s .  Exclosure  

1 was located  in  S ection  25, T 4-6 N R 23 W and had not been cut in  

recent years. Exclosure 4 was in  an acre hloclc that was c le a r  c u t i /  

in  1937. Exclosure 5 was adjacent to i t  in  an uncut stand in  S ectio n  

27 T 46 U R 23 W. Species com position o f the stand composing the general 

type in  which Exclosures 4 and 5 were lo ca ted  was^/:

Species Stems per Range in  d .b .h .
acre in  inches

Oedar 298 2 - 2 1
Balsam f i r  172 2 -  13
Black spruce 44 2 - 1 3
Red maple 36 2 - 1 3
Black ash 3^ 2 - 1 2
Yellow b irch  17 3 -  l6
Other spp. 17 2 - 6

Exclosure J (S ection  23 T 46 H R 23 W) was lo c a te d  in  an overmature 

reserve stand. Oedar stems 18 inches d .b .h . and over are common. 

A ll exclosures f a l l  w ith in  the Hulbert land type, predominantly 

Carbondale muck.

The snowshoe hare population  in  the general area i s  very  

high. In the v ic in i t y  o f  Exclosure 1, snowshoes have been the  

ch ie f cause of p la n ta tio n  f a i lu r e s .  The deer population  i s  not 

an acute problem in  the area. Ho browse l in e  was p resen t. The 

only f ig u r e s  a v a ila b le  on deer p op u lation  in d ic a te  th at the "deer 

k i l l  per square mile" in  the county i s  below th e average fo r  the 

Upper Peninsula o f  Michigan. In 1943, the "deer k i l l  per square

mile" in  Marquette county was 1 .95  as compared with an Upper

^ S p e c if ic a t io n s  in d ica ted  a minimum d .b .h . o f  4 .0  in ch es. However, 
»2 and 3 inch d e fe c tiv e  stems were a lso  cu t.

• J This t a l ly  was made p r io r  to c le a r c u ttin g  a p ortion  o f the area.



Peninsula mean o f  2 .53  (2 3 ).

A check (UOO square f e e t )  was e s ta b lish ed  adjacent to each 

exclosu re . Although steins in  a l l  the p lo ts  were t a l l i e d  according  

to Michigan Conservation Department Game D iv is io n  Browse Study 

Form ITo. 1 (Appendix D), and r e p lic a te s  were e s ta b lish e d  \idthin  each 

exclosu re , s iz e  c la s s e s  and r e p lic a te s  were lumped fo r  s t a t i s t i c a l  

treatm ent. I t  i s  r e a liz e d  that snowshoe hare and deer browsing 

could  have l i t t l e  e f f e c t  on the number o f stems over 3 inches d .b .h .  

However, th e ir  numbers per acre were not s ig n if ic a n t ly  large  enough 

to in flu en ce  an a n a ly sis  o f  snowshoe and deer browsing on the number 

o f stems per acre.

R esu lts

The general com position o f  stems over 2 f e e t  in  h eigh t in  each 

exclosure area re v ea ls  that cedar i s  an important component o f the  

stand (ta b le  2 3 ) . Exclosure o f deer and snowshoes had no e f fe c t  

upon the number o f  stems o f cedar (ta b le  2U). Although no reduction  

in  number of stems due to browsing i s  in d ica ted , damage from snow- 

shoe browsing i s  very apparent. For example, in  th e v ic in i t y  o f 

Exclosure 1 and w ith in  the deer exclosure p o rtio n  o f  that p lo t ,  20 

to 25 percent o f  the cedar stems from 2 to S f e e t  in  height were 

sev ere ly  damaged due to snowshoe browsing.

The a sso c ia te s  o f cedar showed varying e f f e c t s  o f browsing. 

Black spruce was not present in  large enough numbers to provide 

an estim ate . Ho s ig n if ic a n t  d ifferen ce  was noted between the 

various treatm ents as regards the number o f balsam f i r  stems per 

acre. Alder and red maple showed a h igh ly  s ig n if ic a n t  lo s s  in



x u u

Table 23. — Stand, tab le  in  exclosure areas -I

( in  number of steins per acre)

Species

«
•

••

••

Exclosure area

1 4 5 7

Cedar 3594 2795 980 1016
Black spruce 73 109 109 73
Balsam f i r 1089 1416 109 290
.Alder 726 5046 944- 182
Red Manle 2977 2251 4610 2105
Black ash 109 3412 3884 36
Other sp. 145 1597 36 254

Total 8713 16626 10672 3956

- /  Steins two fe e t  in  h eigh t and over.



Table 24. —  Stems ner acre two f e e t  in  h eight and over

Treatment

••
••

»•

Exclosure

: 1 : 4 : 5 : 7 : Mean

Cedar

Check 2173 4792 980 653 2151
Deer exclosure 4900 1193 436 1525 2015
Snowshoe hare and 

deer exclosure
3703

.Alder

2396 1525 871 2124

Check 762 2178 5̂ )4 0 871
Deer exclosure 109 3153 5*j4 109 930
Snowshoe hare and 

deer exclosure
1307 9S01 

Red maple

1742 436 3322

Check 544 3158 1198 2722 1906
Deer exclosure 2287 1416 3920 2287 2478
Snowshoe hare and 

deer exclosure
6098 2178 6712 1307 4574



number of stems per acre due to snowshoe browsing ( ta b le  2^).

There i s  no s ig n if ic a n t  lo s s  in  numbers of stems o f th ese  sp ec ie s  

due to deer browsing. Black ash showed no s ig n if ic a n t  d iffe r e n c e  

in  numbers o f stems per acre due to browsing.

I t  i s  in te r e s t in g  to note that in  the c lea r  cu t area (Exclosure  

4 ) , snowshoes p referred  a ld er, red maple, b lack ash, and r e d -o s ie r  

dogwood to northern w hite cedar and the other c o n ife r s  p resen t for  

food.

E ffec t o f Deer Browsing upon Advanced Reproduction 

and Stand Composition

Methods

I t  has been the opinion o f  numerous fo r e s te r s  and game 

managers that extremely heavy browsing of northern white cedar 

by deer would change the com petition w ith in  a stand to such an 

extent that there would be p a r t ia l  exc lu sion  o f northern white 

cedar.

A group o f large enclosures were a v a ila b le  fo r  study at 

the Cusino W ild life  Experiment S ta tio n . These e ig h t en closu res, 

one acre each in  s iz e ,  are lo ca ted  in  various types o f swamp and 

hardwood stands and have been subjected  to d iffe r e n t  amounts o f  

deer browsing over the p ast ten years. C onstruction i s  o f  large  

p o les  with two h eigh ts o f standard snow fen ce . Figure 36 i l l u s ­

tr a te s  a general view of the en closu res.

The co rre la tio n  o f  cedar reproduction and young stand  

development with deer browsing i s  la rg e ly  dependent upon an 

accurate estim ate e f the browse con d ition s p resen t. A method



Figure 36. A "browse p lo t  viewed from the o u tsid e  showing the  

type enclosure construction  used. The Andronogon furcatus in  the  

foreground was noted on ly  along the swamp roads. I t  was not used 

"by deer to any extent inasmuch as the deer were ranging in  the  

uplands a t the tim e th at the grass would "be o f value as forage.



of q u a n tita tiv e  comparison o f browse con d ition s based on the  

inform ation acquired by use o f the I-iichigan Department o f Conservat­

ion Game D iv isio n  Browse Study Form Mo. 1 was devised  to ob ta in  

th is  estim ate. A d iscu ssio n  o f the browse ap p ra isa l method i s  in ­

cluded in  Appendix D.

Davenport e t a l  (IS) provide a rather d e ta ile d  d escr ip tio n  

of the browse p lo ts  at Cusino that were used in  th is  study.

However, th e ir  d escr ip tion  was prim arily  aimed at a d iscu ssio n  

of the p lo ts  with carrying cap acity  in  mind and a further  

d escr ip tio n  was f e l t  necessary.

Browse p lo ts  1, 5» 6, 7« an& 8 were found to be sa tis fa c to r y  

for the purpose o f th is  s tu d y i/. These p lo ts  were o r ig in a lly  

cru ised  as cedar-spruce-balsam  fir-swamp hardwoods with heavy 

stock in g , 0 to 6 in ch  d .b .h . The stand d e n s it ie s  and dates o f 

establishm ent are as follows:-

P lo t  T otal Stems Date
per Acre E stab lish ed

1 8680 1936-37
5 17360 1938-39
6 11680 1938-39
7 13980 1938-39
8 13720 193S-39

The cru ise  data obtained during the summer o f 19^9 was 

then analysed for "percentage of a v a ila b le  browse". R esu lts

^Browse p lo ts  2 and 3 were excluded from the study because they 
were not pure stands of c o n ife r s . P lo t 2 was a cutover stand of 
hardwood reproduction and P lo t 3 n mixed swamp type o f both co n ifers  
and hardwoods. P lo t U was d iscarded because cru ise  records in d icated  
a low stock ing in  comparison with the other p lo ts  at the time of 
establishm ent (31U0 stems per acre).



P lo t Percentage o f  
a v a ila b le  "browse

7
S

1
5
6

Thus a c la s s i f i c a t io n  according to the p resen t "browse 

con d ition  would include P lo ts  5 6 as com pletely "browsed out,

P lo t S was very h ea v ily  browsed, P lo t 1 as medium to heavy browsing, 

and P lo t 7 with a high percentage o f a v a ila b le  browse. I t  was 

decided that one p lo t  in  each group should be g iven  in te n s iv e  study. 

P lo t 5 was s e le c te d  to represent the com pletely  browsed out p lo t  

because P lo t 6 had a stream running through or adjacent to sev era l  

o f the l in e s  that might have provided a su b sta n tia l error. P lo t  

6 a lso  had an extremely heavy concentration  o f deer p laced  in  i t  

fo r  a s in g le  yarding season (10 deer in  193^ -39 )•

According to Davenport e t  a l (IS ), at the time o f p lo t  

establishm ent, 3& percent o f the to ta l  stems w ith in  P lo t 1 were 

northern white cedar and h i . 3 percent speckled alder and h ig h -  

bush cranberry. On the b a sis  o f  the commercial sp ec ie  s i /  p lu s  

ald er, cedar accounted for  39*5 percent o f the stems above 2 f e e t  

in  h e ig h t. Deer were browsed in  th is  p lo t  throughout i t s  

e x iste n ce . The t o ta l  known deer days^/ o f browsing from the 

time of establishm ent to the summer of 15^9 i s  2366 .

^O edar, spruce (black and w h ite), balsam f i r ,  b lack  ash, and 
.red maple.

2 / During World War I I ,  a l l  p lo ts  except P lo t 7> the co n tro l, were 
cleaned o f snow fence such th at d if f e r e n t ia l  browsing was by 
chance during th is  p eriod . P lo t  7 remained in ta c t .



P lo t 5 had the h ig h est t o t a l  number o f stems r>er acre at the  

time o f estab lishm ent. Oedar accounted for 17.S  percent o f  the  

stems o f commercial sp e c ie s  and alder above 2 f e e t  in  h e ig h t.

Alder was very heavy in  the p lo t  (58 .0$ ) and a generous sp r in k lin g  

o f b lack ash and red  maple was p resen t. P lo t 5 has been browsed 

s in ce  establishm ent w ith 1106 days of in d iv id u a l deer browsing.

P lo t 7 25 .8  percent cedar stems of the commercial sp ec ie s

and a ld er . This p lo t  has been a complete co n tro l s in ce  1938-39 

w ith the exception  o f a 132 pound adult female deer that escaped  

from P lo t S in to  P lo t 7 for a p eriod  not exceeding 32 days during 

the 19^9 yarding season . Therefore, in  th is  p lo t  v ir tu a l ly  a l l  

the reduction in  a v a ila b le  browse during the p a st ten  years has 

been due to snowshoe hare browsing and natural pruning.

P lo t 8 o r ig in a lly  was composed o f 30*2 percent cedar stems 

as ca lcu la ted  by the same c t i t e r io n  used  fo r  the other p lo t s .

A t o ta l  o f  only 657 deer days o f browsing are on record. Pract­

i c a l l y  the only foods w ith in  the p lo t  a t the time o f e s ta b lish ­

ment were cedar and a 3mall amount o f balsam.

The "percentage o f  a v a ila b le  browse" on the cedar at the 

time o f p lo t  establishm ent for  P lo ts  1, 5» 7» and 8 i s  as 

fo llow s:

P lo t  Percentage of
a v a ila b le  browse

1 56.3
5 ^9.9
7 56.0
8 U1.9



R esu lts

A ll the p lo ts  showed a decrease in  a v a ila b le  browse during 

the eleven or more yarding seasons. A comparison o f the ta b u la tio n s  

o f "percentage o f a v a ila b le  browse" at the tim e o f p lo t  e s ta b lish ­

ment and in  19^9 su b sta n tia te s  th is  f a c t .  (The decrease o f 10.8  

percent in  P lo t  7 i s  a ttr ib u ted  to snowshoe browsing and natural 

pruning. Pigure 37 i l lu s t r a t e s  the extent to which th ese  fa c to r s  

can e f fe c t  the food supply.

I t  should be noted that there i s  an in crease  in  cedar stems 

in  a l l  the p lo ts  during the in te r v a l from the time o f  establishm ent 

to the summer o f  19 -̂9 ( f ig u r e  38 ) .  The in crease  in  stems i s  le a s t  

in  the very h ea v ily  browsed area and becomes in c re a s in g ly  larger  

as the "percentage o f  a v a ila b le  browse" becomes la rg er .

Although there was no d ifferen ce  in  cedar stems over 2 f e e t  

in  height a t the time o f p lo t  establishm ent, an a n a ly sis  o f  the  

191+9 data shows a s ig n if ic a n t  d iffe re n ce  in  cedar stems between the  

p lo t s .  There i s  a c o rre la tio n  o f  .978 between the number o f cedar 

stems per p lo t  and the "percentage o f a v a ila b le  browse" (Appendix A).

Table 25 enumerates the cedar reproduction from 2 to S f e e t  

in  h eight on an acre b a s is  as found in  the summer o f 19^9 * I* °an  

again be seen that there i s  an in crea se  in  cedar reproduction as 

the "percentage o f a v a ila b le  browse" in c re a se s . I t  i s  e s p e c ia lly  

evident in  the check p lo t .

Table 26 a lso  brings out an important con sid eration  in  

swamp ecology. In  a l l  ca ses , the number of alder stems de­

creased over the eleven  year p eriod , in  s p ite  o f  heavy browsing 

of the cedar and le s s  d esira b le  sp ec ie s  in  some o f the p lo ts .



Figure 37. Browse p lo t  7 in d ica tin g  a  p ortion  o f  th e p lo t  in  

which se lf-p ru n in g  and snowshoe hare "browsing have reduced the "browse 

supply. I t  i s  not meant to imply that th e present "browse cond ition  

shown here i s  the r e s u lt  o f on ly  th ese  two fa c to r s , however. Deer 

"browsing, p r io r  to the p lo t  estab lishm ent, might have been a p a r t ia l  

cause, e sp e c ia lly  in  the case o f the older stems.
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Figure 38. P lo t  5 was com pletely browsed out in  1949, p lo t  8 

was very h ea v ily  browsed, p lo t  1 has been subject to medium to heavy 

browsing, and p lo t  7 was an unbrowsed check.



Table 25. —  Cedar re-production from 2 to  8 f e e t  in  h eight on an acre in  194-9

( in  number o f steins per acre)

••

P lo t : Browse Condition
•
•

: Browse Class
%
•
••

•• :Ko Browse : 0-33^ : 3h -6 S i  : 67-1006 : Total

5 Yery h ea v ily  browsed 0 100 560 460 1120
8 H eavily browsed 0 40 600 1720 2360
1 Medium browsed 0 180 400 1780 2360
7 No browsing 0 160 20 4800 4980



Table 26. — Alder stems -per acre 2 fe e t  in  h eight and over at

the time o f -plot establishm ent and summer 19^-9 

( in  number of stems per acre)

Date of 
t a l ly

P lot
8

Time of e s ta b lish -  6580 
ment

Summer 19^9 ^060

6300

5580

3100

2580

5^00

2880



I t  must "be remembered, that the stand as a whole was com paratively  

young at the time of p lo t  establishm ent (0 to  6 inch c la s s e s ) ,  

the heavy cut probably having been 30 to 1̂0 years p rev io u s. The 

number o f  alder stems has decreased as much as U6 .7  p ercent in  

an eleven  year p eriod . Although a good share o f th is  was probably  

due to the m orta lity  o f  a lder stems w ith in  the clumps, con sid erab le  

evidence was present o f co n ife rs  enroaching upon the a ld er clumps.

There was no co rre la tio n  between the "percentage o f  a v a ila b le  

browse" and the in crease  or decrease in  number o f stems o f the  

other sp e c ie s .

Upon com pletion o f the study, the data from P lo t  6 was checked 

fo r  comparison. E s se n t ia lly  i t  fo llow ed  the same trends as P lo t  

5 — another h ea v ily  browsed p lo t  —  in  that there was an in crea se  

in  cedar stems' and a decrease in  alder stems over the y ea rs .

SILVICULTURAL PRACTICES

E ffect o f C ertain S ilv ic u ltu r a l  P r a c tice s  upon the 

Reproduction o f Cedar and i t s  A ssocia tes

Methods 

Bob's Lake Cuttings

A s e r ie s  o f experim ental swamp cu ttin g s  were in i t ia t e d  in  

the winter o f  1937 by the Game D iv is io n , Michigan Department o f  

Conservation with the cooperation  o f  the Michigan Emergency 

Conservation Yfork program Camp Escanaba R iver (C iv ilia n  Conservation



Corp). L.A. Davenport was resp on sib le  fo r  the planning phases 

with various fo r e s te r s  and game managers resp on sib le  for the  

f i e l d  work involved . I t  was p o ss ib le  to correspond and converse  

with severa l o f  the tech n ic ian s resp on sib le  fo r  the p ro jec t as 

to the conformity o f f i e l d  work with the s p e c if ic a t io n s .

A checkerboard s e r ie s  o f  p lo ts  each f iv e  chains square were 

la id  out with p ick et l in e s  separating the in d iv id u a l p lo t s .  A 

t o t a l  o f  fo rty -fo u r  p lo ts  were esta b lish ed  in  t h is  manner.

Figure 39 i l lu s t r a t e s  the p lo ts  th a t were e s ta b lish ed  and cut 

p rior  to the time o f photographing (October 1}-, 1939)* Figure 4̂0 

i l lu s t r a t e s  the p lo t  design  and in d ica tes  the depth o f the 

organic s o i l  la y er  throughout the area stud ied .

The p lo ts  designated  as the "Bob's Lake R elease Cutting" are 

lo ca ted  in  the Sg- o f the and the o f the 1TÊ  o f the SŴ  

S ection  13 R26w. Odd numbered p lo ts  v/ere used as check p lo ts

with no s i lv ic u ltu r a l  treatm ent.

There was no d if fe r e n t ia t io n  between sp ec ie s  regarding the 

diameter lim it  on the p ortion  o f the cut p lo ts  fo r  which a l im it  

was designated. A ll trees  on the p lo ts  below the sp e c if ie d  

l im it s  \*ere not cut or pruned in  any manner except where necessary  

for  roads or p ick et l in e s .

On the p ortion  o f  the cut p lo ts  d esignating a leave stand in  

tr e e s  per acre, the stems l e f t  were good stems, evenly spaced, and 

not n e ce ssa r ily  the la rg e  stems. Wherever p o ss ib le  the merchant­

able m aterial was removed and the lea v e  stems se le c te d  from the 

remaining stand. The leave  stems were se le c te d  in  the fo llow in g  

order o f  p r io r ity  by sp ecies; white p ine, northern white cedar, 

hemlock, balsam f i r ,  spruce, b irch , black ash, red maple, poplar,



JL

V̂ V§. ^

B B f c W ® ?><**

6 ’.%.vS

V • : /.’V  - • - C  21 * <* \

Figure 39. An a e r ia l photograph o f the checkerboard design  

in  S ection  13 I  4̂ 11 R Z6\I. This photograph was taken b efore a l l  

the cu ttin g s  were made.



CONTOUR MAP

BOB'S LAKE CUTTINGS
(DEPTH OF ORG. LATER)

PT71 p l o t s  u t i l i z e d  i n  t h i s
STUDY.

Figure *10. Contour map of  the Bob's Lake cuttings showing the 

depth of the organic s o i l  layers.  The experimental design was a 

checkerboard pattern o f  5-chain square p lo t s  with the various cuttings  

occurring in the even-numbered p lo t s .



and balm of g i l ia d .  Stems containing available browse were given 

preference over stems that had no available browse, e ither from 

animal browsing or self-pruning.

For interpretation of the slash disposal sp ec i f ica t ion s ,  the 

term "browse species" was defined as including northern white 

cedar, hemlock, and red maple.

Oruises at the time of plot  establishment were made in  an eas t -  

west direct ion through the centers of the p lo t s ,  thuB covering a 

str ip  f iv e  chains by ten l inks .  Oruises were made in  conformance 

with Browse Study Form ITo. 1. The a v a i la b i l i ty  region was considered 

to be from the ground up to 6 .5  f e e t  in  height.

The 19^9 cruise was conducted in a s l i g h t ly  d i fferent  manner 

in  order to conform with procedure used elsewhere in th is  d is ser ta t ­

ion. Five temporary l in e s ,  each 1 chain in length, were established  

on each plot  that was se lected  for study. Posts were placed at 

either end of the l in e .  Location of plots  was according to the 

plan i l lu s tr a te d  in  Figure 4 l .  Oruises were taken in  10 l in k  widths. 

All stems above 2 f ee t  in  height were t a l l i e d  by browse c la s se s .  A 

height of S. 5 f e e t  was used as an upper l im it  of  browse a v a i la b i l i ty .

At the time of establishment, four to s i x  p lo ts  were cut 

according to each of the cutting methods in  use.  The p lots  were 

then replicated as to slash disposal.  The cutting methods used 

ore as follows:

1. Out a l l  material over 2" d.b.h.
2. Out a l l  m ateria l over 4" d .b .h .
3. Select ive  cut leaving approximately 500 stems per acre.
4. Select ive  cut leaving approximately 750 stems per acre.
5. Uncut check plot .



IL L U S T R A T IO N  OF CRUISE L IN E  LAYOUT 

ON B O B 'S  LA K E  CUTTINGS
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Slash d isp o sa l fo llow ed  two s p e c if ic  methods:

1. P i le  and burn the s la sh  from a l l  non-browse sp e c ie s  as 
i t  i s  c u t. S catter  the s la sh  from a l l  browse sp e c ie s  
u n t i l  the deer have had an opportunity to fe e d  on i t  
as much as they w i l l ,  then p i l e  and burn a l l  the 
remaining s la s h i / .

2. P ile  and burn the s la sh  from a l l  the non-browse sp e c ie s  
as i t  i s  cu t. Lop and sca tte r  the s la sh  from a l l  browse 
sp ec ie s  so th a t no part o f the s la sh  la y s  more than
2M- inches above the ground or snow.

P lo t s e le c t io n s  vrere made on a b a s is  o f  s i t e  and cover type. 

O ruises were made on ly  on p lo ts  f a l l in g  w ith in  a d e f in it e  swamp 

cedar-balsam type. With th is  in  mind, p lo ts  s e le c te d  fo r  con sid erat­

io n  were those enumerated in  tab le  27 -

Incident to the cru is in g , s o i l  borings were made a t the 

south end o f each l in e  and the data obtained was incorporated  

in to  a contour map o f the depth of organic s o i l  in  the experim ental 

area. P lo t 32 was found to be a Newton sand type with a very  

shallow  organic layer  and was discarded from the study.

The stand com position on an acre b a sis  at th e  time o f p lo t  

establishm ent p oin ts out the dominance o f  cedar (ta b le  2 8 ).

A m ilacre p lo t  was a lso  e s ta b lish ed  at the south end o f  

each l in e .  Oedar seed lin g  and v eg e ta tiv e  reproduction from 

0 to 2 f e e t  in  height was t a l l i e d  w ith in  th ese  p lo t s .  P lo t  

r e je c t io n  was at 2 standard d ev ia tion s from the mean or grea ter .

Ousino Cuttings

Twelve one-acre re le a se  cu ttin g s  (2 chains x  5 chains) were

la id  out during the winter o f  1935-36 and were c lea r  cu t. A ll

l /  These types h erea fter  w i l l  be designated  by the treatment o f  
the browse sp e c ie s .



Table 27. —  P lo ts  s e le c te d  fo r  comparison of cu ttin g  and s la sh  disT>osal

methods 

(P lot numbers)

Cutting method :___________ SLflsh d isp o sa l method___________
 ____________________________________ ; P ile  and burn: No sla sh : Lop and s c a tte r

Cut a l l  m ateria l over 2 inches d .b .h . -  24, 26
Cut a l l  m ateria l over 4  inches d .b .h . 34, 40 36 , 38
S e lectiv e  cut to 500 steins per acre 12, 14 20, 28
S e lec tiv e  cut to 750 stems per acre — , 16 18, 32
Uncut checlc 11.27



Table 28. — Stand conroosition in  the Bob's lake cu ttin g s  a t the

time of e s t ablishment - /  

( in  number of stems p e r  ac re )

Species

••

•• Size C lasses
: Stems 2 to 8 f e e t : 
: in  heifcht :

Stems 6 inches : 
d .b .h . and over:

Total stems over 2 
f e e t  in  height

Cedar 189 158 100?
Snruce 2 58 109
Balsam f i r 200 33 400
Alder 31 0 138
Red Maple 51 0 53
Tamarack 7 0 9
Aspen 4 0 16

Total 484 249 1732

1 /  Obtained from l /2 0 th  acre c ru ise s  on 9 p lo ts .



are located in  the W|- of Section 30 Thjl l Rl6w. The s o i l  type 

throughout the area i s  R i f le  peat; swamp types const ituted the 

cover. The Land Economic Survey, Michigan Department of  Conservat­

ion, typed the cover in  1932 as a swamp cedar-spruce-tamarack 

type with medium stocking, 0 to 3 6 inches d.b.h.  No record

has "been found as to the amount of material taken o f f  each p lo t .  

Figure 1+2 shows the location of the p lo ts .

Browse procurement p lo ts  were cut in  the same manner as the 

release  cuttings,  i . e .  a complete c lear cut. Five l in es  were 

established in  the Browse Procurement Plots ,  each 1 chain by 

10 l in ks .  All  reproduction above 2 f e e t  in  height was cruised.

Results 

Bob's Lake Cuttings

Cedar seedling reproduction under 2 f e e t  10 to l 4  years  

after  cutting i s  shown in  table 29. I t  can be seen that seecU- 

l in g  reproduction i s  increasingly heavier as the in tens i ty  

of cutting decreased. In a l l  cases, there i s  a greater 

average number of seedlings in  the p lots  in  which the browse species  

were lopped and scattered than in  the p lots  in  which cedar has 

been p i led  and burned after  browsing was completed.

A good portion of the seedlings t a l l i e d  in  the Bob's 

Lake plots  was in  the 1- and 2-year-old c la s s .  Not a l l  of  

the reproduction was of th is  s iz e ,  however. Seedlings from 10 

inches to 2 f ee t  in height were frequently noted.

Cedar vegetative reproduction under 2 f e e t  in  height was



Pigure H-2. An a e r ia l  photograph i l lu s t r a t in g  the Cusino 

cu ttin g s .



X t l l

Table 29* — Average number of cedar seed lin g s  per i.iilacre p lo t  in

summer 19 -̂9

Cutting method Slash d isp o sa l method
P ile  and bum : Ho s la sh : Loft and s c a tte r

Cut a l l  m aterial over 2 inches d .b .h . -  3*0
Cut a l l  m aterial over ^ inches d .b .h . 10.0 16 .9
S e le c t iv e  cut to 500 stems per acre 2o.9 J1 .6
S e le c t iv e  cut to  750 stems per acre 29 .8  3 6 .0
Uncut checlc 55*2



n e g lig ib le  in  a l l  c a se s . Out o f 71 p lo ts  c r i t i c a l ly  examined, 

only S were found to have v e g e ta tiv e  reproduction p resen t.

The amount o f  cedar reproduction per acre in  the 2 to 8 

fo o t  h eight c la s s e s  a t the time the p lo ts  were e s ta b lish e d  i s  

as fo llo w s:

P lot Number of

11 120
12

0V
O

lK>
26 100
27 20
28 280
36 220
3s 2140

Mean 135

There i s  inadequate cedar reproduction in  the 2 to 8 fo o t  

h eigh t c la s s e s  under a l l  the c u tt in g  methods and under both  

s la sh  treatm ents ( ta b le  30)* There i s  too l i t t l e  reproduction  

in  th ese  s iz e  c la s s e s  to co r re la te  with any s i lv ic u lt u r a l  

treatm ent.

I t  appears that a heavy c lea r  cut favors alder invasion . 

Lopping and sc a tte r in g  o f s la sh  seems to have an in h ib it in g  

e f fe c t  upon alder in v a sio n . W ithin the lig h te r  c u ttin g , i . e .  

l ig h te r  than a cut o f a l l  m ateria l over 2 inches d .b .h .,  i t  would 

appear that some fa c to r  other than degree o f cu ttin g  might 

in flu en ce  the in vasion  o f a ld er. In a l l  types o f cu ttin g , the 

amount o f  alder has in creased  over that o f the uncut check 

p lo ts  (ta b le  31 )*

Balsam f i r  reproduction i s  favored by the heavier cuts



Table 30. — Cedar re-production 2 to 8 f e e t  in  h eight in  summer 19^9

(in steins per acre)

Cuttins nothod :___________ Slash disposal method________
_________________________________{Pile and burn? I7o slash; Lot> and scatter

Cut a l l  material over 2 inches d.b.h. -  20
Cut a l l  material over k  inches d.b.h. 10 10
Selective cut to 500 stems per acre 0 0
Selective cut to 750 steins per acre 0 0
Uncut check 0



JLU*J

Table y i .  — Alder stems -per acre 2 f e e t  in  height and over in  summer 19 -̂9

Cut t in s  method Slash d isp o sa l method
P ile  and burn: No s la sh ; Lop and s c a t t er

Cut a l l  m aterial over 2 inches d .b .h . — 7320
Cut a l l  m aterial over k  inches d .b .h . 3080 1970
S e lec tiv e  cut to 500 stems per acre 3510 2200
S e lec tiv e  cut to 750 stems per acre 5620 5360
Uncut check 250



(table 32). Spruce reproduction seems to fol low the same trend 

as balsam f i r  (table 33)*

The order used in  the c la s s i f i c a t io n  o f  cu ttin g s  from heavy 

to l ig h t  was v e r i f ie d  by ten th -acre p lo ts  w ith in  the various  

cu ttin g  typ es. An example of the conformance to cu ttin g  

s p e c if ic a t io n s  — and probably the most accurate one — i s  

shown in  P lo t 2S, s e le c t iv e ly  cut to  500 stems per acre. The 

19^9 cru ise  produced a t a l ly  o f 530 stems per acre 3 inches  

d .b .h . and over.

Stems o f sp ec ies  other than those already d iscu ssed  

were sca ttered  and varied  from p lo t  to p lo t  rather than 

c o rre la tin g  with the d iffe r e n t  treatm ents. On a p lo t w ith  

a cut o f  a l l  m ateria l over 2 inches d .b .h . that was adjacent 

to upland aspen (P lo t 2U), a heavy in f i l t r a t io n  o f aspen 

from the res id u a l stand was noted (5^0 stems per acre).

Willow and red -o sier  dogwood a lso  invaded sev era l of the  

p lo ts .  Very l i t t l e  red maple and b lack  ash were t a l l i e d .

Gusino Cuttings

Table 3^ summarises the r e su lts  o f  th is  phase o f study.

I t  can be seen that cedar d e f in it e ly  i s  a heavy component o f  

the understory. The reproduction i s  m ainly of a v eg eta tiv e  

o r ig in . Counts o f in d iv id u a l stems were not made in  th ese  

p lo ts .

Alder i s  not a dominant component o f the stand in  any of  

the cu ttin g s  in  which i t  was not noted in  the cover at the time 

o f establishm ent.



Table 32. — 3alssj.n f i r  reproduction 2 to 3 f e e t  in  h eigh t in  summer 1949

(In number of stems per acre)

Cutting method : Slash d iso o sa l method
:P ile  and burn: Ho s la s h ' Lop and sc a tte r

Cut a l l  m aterial over 2 inches d .b .h . 1270
Cut a l l  m aterie l over 4 inches d .b .h . 960 960
S e lec tiv e  cut to 500 stems per acre 4000 1150
S e lec tiv e  cut to 750 stems per acre 140 460
Uncut check 290



Table 33- — Snruce reproduction 2 to 8 f e e t  in  h eigh t on an acre b a s is

in  summer 1949 

(In nvunber o f stems)

Cutting method Slash d isn osa l method
P ile  and burn; ITo slash : lop  and sc a tter

Cut a l l  m aterial over 2 inches d .b .h . -
Cut a l l  m aterial over 4 inches d .b .h . 100
S e lec tiv e  cut to 500 stems per acre 240
S electiv e  cut to 750 stems per aci'e 0
Uncut check

220
260
110

0



KEY 'TO SYMBOLS III TABLE

A Alder

3 Balsam f i r

0 northern w hite cedar

S Spruce

T Tamarack

Good s tock ing  

Modiiu:i r.to ckinp

rO'T.1



Table 3^- *— Ou3ino cu ttin g s summary

R elease
cu ttin g
p lo t

•
»

: Cover
: 1935
••
••

•
•

: Cover
: 19^9
••

••

«•

: Cover 
; adjacent
J to p lo t
••

••

! Deer
: use
•
•
••

••

; Snowshoe hare
: use
••

••

1 1/AS' * 2/ART 
C'

SC" Medium Heavy

2 CSA«« BTS
C"

CSB Heavy Heavy

3 ASTC ASBT
C"

CST Heavy Heavy

k A3S 3TA
C"

CST Heavy Heavy

5 - ST 
C '''

CST Heavy Heavy

6 - ACB
C'

CS Heavy Heavy

7 ASCT'' ABT
C'

SCA Medium Light

8 AC c a (ts )  
c' 1 '

CS" Medium Heavy

9 ACS' » ASB
O'

CS Heavy Heavy

10 C" CTB 
C ''»

CST Light Light

l l CAS'' SBT 
C" '

CS Heavy Heavy

12 - V - Heavy -

3»/  Symbol key i s  included on opposite page.
2 /  West & of P lo t  12 AS i eas t  £  TSB .
3 /  Overstory cover i s  above the l in e ;  understo ry  type below the l in e .



Slash  p i le s  d e f in i t e ly  l im it  reproduction. There was no 

cedar reproduction w ith in  th e ir  boundaries. Pigure brings  

out t h is  ob servation . Deer u se  was noted in  a l l  the areas and 

runways extend from p lo t  to  p lo t .  Deer browsing has elim inated  

w hite b irch  and b lack  ash reproduction in  sev era l o f  the areas.

The reproduction on an area that was c le a r  cut in  the same 

manner as the other r e le a se  cu ttin g s  i s  as fo llo w s:

I t  can be seen th at an adequate amount o f cedar reproduction i s  

p resen t. Alder has not invaded the area very stron g ly . Observations 

in d ica ted  that the cedar reproduction was predominantly v e g e ta tiv e .

P lan ta tion s

Methods

P lan ta tion s o f  northern white cedar were made during the f a l l  

o f 19^1 and the spring o f 19*+2 in  the study area. The 19^1 p lan tin gs  

were made p rim arily  fo r  in crea sin g  deer food and cover. The 19^2 

p la n tin g s  were an attempt to convert a spruce-balsam type to cedar

Snecies Stems per acre

Cedar 
Spruce 
Balsam f i r  
Alder 
Tamarack 
White b irch  
Red maple 
Black cherry  
R. 0 . dogwood 
Willow  
Amalanchier 
Aspen

5960
520
200

15*10
160

20
60
20

200
30
20
20



Pigure 43. An area c lear-cu t in  1939-*JO. 

r e la t iv e ly  young at the time of cu ttin g . The 

was v egeta tive  in  o r ig in .

The stand was 

cedar reproduction



Figure *A. A s la sh  p i l e  in  a 1935-36 c u ttin g . R ed-osier  

dogwood i s  the on ly  woody sp ec ie s  th a t has been a b le  to  reproduce 

w ith in  th e s la sh  p i l e .  Photograph taken in  Ju ly , 19*19.



"by p la n tin g  re c e n tly  cu t-over areas.

The 19^1 p la n tin g s (SB£ and UBjf o f S ectio n  19 and SB  ̂ of  

S ection  8 T^7U R l6w) were made with 3 -2  p la n tin g  stock , 9 inches  

in  h e ig h t, produced a t the Hardwood S ta te  ITursery, Boyne B a lls ,  

Michigan. Borty thousand stems were p lan ted  "by C iv ilia n  Conservation  

Corps personnel w ith Michigan p la n tin g  "bars a t a 6 fo o t x  6 fo o t  

spacing. No s o i l  preparation was made. The s o i l  types p lan ted  were 

Saugatuck sand and R if le  p ea t.

The 19^2 p la n tin g s were made from the same age stock  u sin g  

s im ila r  p la n tin g  methods. However, lo c a l  labor was used  to  make 

the p la n tin g s . The s o i l  types (Sections 16 and 17 T^7N R l6w) 

were R if le  peat and Oarbondale muck.

R esu lts

The 19^1 p la n tin g s proved fa i lu r e s .  Although i t  i s  d i f f i c u l t  

to d is t in g u ish  natural reproduction from p lan ted  stock  in  

p o rtio n s o f  the area, very l i t t l e  in d ica tio n  o f  p lanted  stock  

was l e f t .  Natural reproduction i s  present in  p ortion s o f  the 

area not covered w ith an alder type.

The attempt to convert from a spruce-halsam type to a cedar 

type was a lso  a complete fa i lu r e .  Adequate reproduction o f  balsam 

f i r  and black spruce was p resen t. The cedar tran sp lan ts that have 

survived  show heavy deer and rabbit browsing.

The fa ilu r e  o f  cedar p lan tin gs i s  not confined  to the Upper 

P eninsu la o f  Michigan. Aldous ( 3 ) reports the fa ilu r e  o f cedar 

p la n ta tio n s  in  Minnesota and concludes that i t  i s  not p r a c t ic a l  

to p la n t white cedar as i t  i s  too sev erely  browsed by deer. The



The o n ly  s u c c e s s f u l  p l a n t i n g s  w ere  th o s e  p r o t e c t e d  oy n a r e -  

tuxa d e e r -  p r o o f  e x c l o s u r e s .  E i g h t y - t h r e e  p e r c e n t  o f  th e  w h it e  

cectar w i t h in  t h e  e x c l o s u r e s  s u r v iv e d  a g ro w in g  s e a s o n s  i n  com­

p a r is o n  w it h  18  p e r c e n t  s u r v i v a l  o u t s i d e .

DISCUSSION

R e p r o d u c t io n

The d i v e r s e  e n v ir o n m e n ta l  c h a r a c t e r i s t i c s  o f  t h e  n o r th e r n  

swamps s h o u ld  p r o v id e  an o p p o r t u n it y  f o r  a c o n s id e r a b l e  am ount 

o f  v a r i a t i o n  i n  t h e  r e l a t i v e  im p o r ta n c e  o f  t h e  f a c t o r s  c a u s in g  

m o r t a l i t y .  The v a r i e d  n a tu r e  o f  th e  swamp f l o o r  o f f e r s  u s  an  

exam p le o f  th e  p o s s i b i l i t i e s .  F or i l l u s t r a t i o n ,  b la c k  s p r u c e ,  

a n o th e r  swamp s p e c i e s ,  had 0 t o  2 p e r c e n t  dam ping o f f  on c o a r s e  

san d  and f in d  san d  r e s p e c t i v e l y  w h er ea s  on a muck m ed ia  dam ping  

o f f  a f f e c t e d  80 p e r c e n t  o f  th e  s e e d l i n g s  (3 1 )  . A lth o u g h  i t  i s  

c o n s id e r e d  to  be r e l a t i v e l y  r e s i s t a n t  t o  dam ping o f f ,  c e d a r  

m ig n t a l s o  r e a c t  t o  dam ping o f f  e p i p h y t o t i c s  i n  a s i m i l a r  m anner.

The d i f f i c u l t i e s  in v o lv e d  i n  d i f f e r e n t i a t i n g  b etw een  wne 

t y p e s  o f  r e p r o d u c t io n  have b een  m e n tio n e d . T h e se  w ere  n o t th e  

o n ly  d i f f i c u l t i e s  i n v o l v e d ,  e s p e c i a l l y  in  t a l l y i n g  v e g e t a t i v e  

r e p r o d u c t io n .  The p red o m in a n t ty p e  o f  v e g e t a t i v e  r e p r o d u c t io n ,  

u ran ch  l a y e r i n g ,  i s  in  e f f e c t  a t r a n s f o r m a t io n  from  a branch  o f  

th e  p a r e n t  stem  t o  a stem  o f  r e p r o d u c t io n .  T h is  in v o lv e d  a 

d e g r e e  o f  ju d gm en t t h a t  c o u ld  be q u e s t io n e d .  H ow ever, th e  

d e b a t a b le  c a s e s  w e r e  few  in  c o m p a r iso n  w ith  t h e  t o t a l  number 

o f  stem s t a l l i e d .



C u r t i s  ( 1 5 )  g i v e s  f u r t h e r  s u p p o r t  to  the  t h e o r y  t h a t  a d u l t  

s tem s  o f  s e e d l i n g  o r i g i n  may p o s s e s s  v a r y in g  d e g r e e s  o f  sweep  

i n  h i s  d i s c u s s i o n s  o f  o l d  f i e l d  c e d a r .  “Old f i e l d  s t a n d s  . . . 

e s t a b l i s h e d  from s e e d  . . . many i n d i v i d u a l s  have  sweeps o f .  

v a r y i n g  d e g r e e s ,  "but t h a t  t h i s  i s  l a r g e l y  due to  snow, crow d ing ,  

o c c u r r e n c e  o f  m u l t i p l e  s t e m s ,  or r o o t  a n c h o r a g e 11. Watson ( 5 6 )  

a l s o  adds t h a t  cedar  i s  a p p a r e n t l y  q u ic k  to  form c o m p re ss io n  

wood and grow r i g i d l y  i n t o  a curved  s tem .  He a l s o  m en t io n s  

p h o t o t r o p i s m s  a s  an e x p l a n a t i o n  f o r  some o f  th e  stem c u r v a t u r e s .  

The above  c i t a t i o n s  a r e  p r e s e n t e d  i n  an e f f o r t  to  c o r r e c t  a 

w id e s p r e a d  f a l l a c y  c o n c e r n i n g  cedar  r e p r o d u c t i o n ;  nam ely ,  t h a t  

a curved  stem  a b s o l u t e l y  c l a s s i f i e s  a t r e e  as  b e i n g  o f  v e g e t a t i v e  

o r i g i n .

The e f f e c t  o f  l i g h t  upon g e r m i n a t i o n  i n  th e  l a b o r a t o r y  

s u b s t a n t i a t e s  the  o b s e r v a t i o n s  made i n  th e  f i e l d .  An a b s e n c e  

or near  a b s e n c e  o f  l i g h t  r ed u ced  g e r m i n a t i o n  v i g o r .  At the  o t h e r  

e x tr e m e ,  i . e .  f u l l  s u n l i g h t ,  f i e l d  s t u d i e s  a g a i n  conf irm ed  

l a b o r a t o r y  r e s u l t s .  S e e d l i n g  g e r m i n a t i o n  and i n i t i a l  deve lopm ent  

were m arked ly  red u c ed  i n  b o th  s e r i e s .  The c o n d i t i o n s  a t  the  

upper end o f  the  t a b l e  w i t h  f o o t  c a n d le  powers  above 33^ were  

found i n  th e  1 0 - y e a r - o l d  c u t t i n g s  t h a t  were removed under a 

sy s tem  o f  c o m p le te  c l e a r  c u t t i n g .

The e f f e c t  o f  a c i d i t y  under l a b o r a t o r y  c o n d i t i o n s  f o l l o w s  

somewhat th e  sane t r e n d  a s  i n  th e  swamps. The d e c r e a s e  i n  

g e r m i n a t i o n  and e s t a b l i s h m e n t  a t  th e  lo w e r  e x tr e m e s  f o l l o w s  i n  

b o th  c a s e s .  The d e f i n i t e  t r e n d  o f  i n c r e a s i n g  g e r m i n a t i o n  through­

out  the  a c i d i t y  range  m a n i f e s t s  i t s e l f  above a p p r o x i m a t e ly  pH 6 . 0



u n d er  f i e l d  c o n d i t i o n s .  Tne t r e n d  i n  th e  l a b o r a t o r y  s u b s t a n t i a t e s  

t h e  x i e l d  r e s u l t s  i n  t h i s  r e s p e c t .

I t  w as n o te d  i n  t h e  la b o r a t o r y  e x p e r im e n ts  t h a t  th e  lo w e r  

pH r e p l i c a t e s  e x h i b i t e d  d i f f e r e n t  d e g r e e s  o f  g e l a t i o n  th a n  d id  

one u p p er  v a l u e s .  A d i f f e r e n c e  i n  h a r d n e ss  o f  th e  g e r m in a t io n  

m edia  ( a g a r )  c o u ld  c a u s e  c h a n g e s  in  th e  a v a i l a b i l i t y  o f  m o is t u r e .  

T h is  phenom enon m ig h t e x p la in  t h e  l a b o r a t o r y  r e s u l t s  or a t  l e a s t  

i n d i c a t e  t h a t  pH c a n  be o f  c o n s id e r a b le  c o m p le x it y  —  ev en  un d er  

c o n t r o l l e d  c o n d i t i o n s .

The e x p e r im e n t a l  d e s ig n  i n  th e  l a b o r a t o r y  was i n i t i a t e d  

u s in g  c o n s t a n t  te m p e r a tu r e  a s  a b a se  r a t h e r  th a n  a l t e r n a t i n g  

t e m p e r a t u r e s . A lth o u g h  i t  i s  a ck n o w le d g ed  t h a t  an a l t e r n a t i n g  

t e m p e r a t u r e • e x p e r im e n t  w ou ld  h a v e  m ore c l o s e l y  a p p ro x im a ted  

c o n d i t i o n s  o f  s e e d  g e r m in a t io n  i n  t h e  swamp, i t  w ou ld  have i n t r o -  

u u ced  v a r i a b l e s  t h a t  r e q u ir e  t h e  u se  o f  h i g h - c o s t  f a c i l i t i e s .

I t  i s  r e a l i z e d  t h a t  a l t e r n a t i o n s  o f  te m p e r a tu r e  a r e  more f a v o r a b le  

f o r  t h e  g e r m in a t io n  o f  s e e d  th a n  c o n s t a n t  t e m p e r a tu r e s  and m ig h t  

nave t h e  e f f e c t  o f  lo w e r in g  t h e  t h r e s h o ld  o f  g e r m in a t io n .

The m arked p r e f e r e n c e  o f  c e d a r  s e e d l i n g s  in  t h e  f i e l d  f o r  

a medium o f  l o g s  i n  v a r y in g  s t a g e s  o f  d e c a y  ca n  h a r d ly  be 

o A p x a m ed  on a m o is t u r e  h y p o t h e s i s .  Ib  i s  r e a l i z e d  t h a t  t h e r e  

i s  l e s s  f l u c t u a t i o n  o f  th e  w a te r  su p p ly  i n  d e c a y e d  l o g s .  They 

a r e  u s u a l l y  l o c a t e d  a t  a s l i g h t  t o  c o n s id e r a b le  e l e v a t i o n  ab ove  

th e  swamp f l o o r  and th u s  a r e  r e l a t i v e l y  f r e e  from  th e  in u n d a t io n s  

t h a t  o c c u r  d u r in g  r a in y  p e r i o d s .  The m o is tu r e  s t u d i e s  d u r in g  

th e  1 9 4 9  g r o w in g  s e a s o n  a c t u a l l y  show ed a g r e a t e r  a v e r a g e  sem i­

w e e k ly  v a r i a t i o n  from  th e  mean f o r  l o g s  d u r in g  th e  g row in g



s e a s o n  th a n  d id  t h e  swamp f l o o r ,  h o w ev er . C u r t i s  (1 6 )  d e s c r i b e s  

i 'u i t e n  wood a s  a medium in  w h ich  m o is tu r e  i s  more or l e s s  c o n s t a n t  

b e n e a th  t h e  f o r e s t  c a n o p y .

T h ere  w as a d e f i n i t e  d i f f e r e n c e  i n  te m p e r a tu r e  b e tw ee n  th e  

tw o t y p e s  o f  m e d ia , t h e  l o g  medium sh o w in g  a h ig h e r  mean tem p er ­

a t u r e  th r o u g h o u t  t h e  g r o w in g  s e a s o n  and a g r e a t e r  a l t e r n a t i o n  o f  

t e m p e r a t u r e .  The h ig h e r  mean te m p e r a tu r e  i s  e s p e c i a l l y  n o te w o r th y  

d u r in g  Ju n e and J u l y ,  t h e  p e r io d  o f  s e e d  g e r m in a t io n .  Tne 

t h r e s h h o ld  f o r  s e e d  g e r m in a t io n  a t  a c o n s t a n t  te m p e r a tu r e  f a l l s  

b e tw e en  1 4 °  and 1 8 °  C. ( 5 7 .2 °  t o  6 4 .4 °  F . )  w it h  a d e f i n i t e  d e c r e a s e  

i n  g e r m in a t iv e  c a p a c i t y  a t  t h e s e  t e m p e r a t u r e s .  The m o n th ly  mean 

t e m p e r a tu r e  o f  t h e  swamp f l o o r  d id  n o t  r i s e  a b o v e  th e  u p p er  l i m i t s  

o f  t h i s  t h r e s h h o ld  u n t i l  A u g u st  and th e n  o n ly  s l i g h t l y .

The swamp f l o o r  i s  e x c e e d in g ly  v a r i a b l e  in  e l e v a t i o n  i f  

l o g s  i n  v a r io u s  s t a g e s  o f  d e c a y ,  s tu m p s, and p i t s  and mounds o f  

o r g a n ic  m a t e r ia l  a r e  c o n s id e r e d  a p o r t io n  o f  i t .  T h is  v a r i a t i o n  

ca n  and d o e s  a c c o u n t  f o r  a r e m a r k a b le  d e g r e e  o f  v a r i a t i o n  in  

t e m p e r a tu r e  and m o is tu r e  w i t h in  an a r e a  a s  s m a ll  a s  a m i la c r e .

S e v e r a l  h y p o th e s e s  may be o f f e r r e d  r e g a r d in g  th e  l i m i t e d  

g e r m in a t io n  o f  s e e d l i n g s  in  sphagnum  b e d s .  I t  i s  f e l t  t h a t  th e  

sphagnum , h ow ever d e n s e ,  s t i l l  fo rm s a r a t h e r  op en  ty p e  medium 

i n  w h ic h  t h e  s p a c e  o c c u p ie d  by a i r  i s  g r e a t .  T h ere  i s  th e  

p o s s i b i l i t y  t h a t  t h e  a p p a r e n t  r e d u c t io n  o f  g e r m in a t io n  i s  due 

t o  ■chis f a c t o r .  I t  w as a l s o  o b se r v e d  t h a t  sphagnum m ats becam e 

r e l a t i v e l y  d ry  d u r in g  p e r io d s  o f  l i t t l e  r a i n f a l l .  H ow ever, t h i s  

i s  n o t  a s  l i k e l y  t o  be t h e  c a u s e  o f  r e d u c t io n  i n  g e r m in a t io n  and 

e s t a b l i s h m e n t  a s  i t  w as fo u n d  t o  o c c u r  l a t e r  in  th e  g ro w in g  s e a so n  

x.nan t h e  t im e  a t  w h ich  g e r m in a t io n  and e s t a b l i s h m e n t  n o r m a lly  

o c c u r .  J



A lt h o u g h  damage by r o d e n t s  and snowshoe h a r e  i s  a s e r i o u s  

problem  i n  n o r t h e r n  w h i t e  cedar  r e p r o d u c t i o n ,  i t  i s  n o t  f e l t  

t h a t  p o i s o n i n g  i s  n e c e s s a r y  a s  a c o n t r o l  measure u n l e s s  th e  

e f f e c t  o f  snowshoes upon advanced  r e p r o d u c t i o n  might a l s o  

rea c h  a c r i t i c a l  s t a g e .  However, r e d u c t i o n  o f  an im al  p o p u la ­

t i o n s  i n  t h e s e  c a t e g o r i e s  sh o u ld  be g i v e n  due w e ig h t  i n  c u t t i n g  

and s l a s h  d i s p o s a l  m eth o d s .

The masked shrew,  a c c o r d i n g  t o  Burt  ( 1 0 ) ,  i s  c h i e f l y  an 

i n s e c t i v o r o u s  and c a r n i v o r o u s  a n i m a l .  The meadow v o l e  e a t s  

g r a s s e s  and sedges*  t h e  l e a s t  chipmunk s e e d s ,  n u t s ,  b e r r i e s ,  

and i n s e c t s .  The f o o d  o f  th e  r e d - b a c k e d  v o l e  i s  n o t  known 

a l t h o u g h  C u r t i s  (1 6 )  c o n c lu d e s  t h a t  t h i s  s p e c i e s  i s  p a r t i a l l y  

r e s p o n s i b l e  f o r  s e e d l i n g  l o s s e s  by c u t t i n g  s e e d l i n g s  i n  th e  

runw ays.  The s h o r t - t a i l e d  w e a s e l  ( M u s t e l l a  c i c o g n a n i i  

c i c o g n a n i i  B o n a p a r te )  has  been  o b s e r v e d  i n  t h e  v i c i n i t y  o f  

th e  p l o t s  a l s o  but i t s  c a r n iv o r o u s  h a b i t s  would  l e a d  to  the  

c o n c l u s i o n  t h a t  i t  would  r ed u c e  t h e  mouse p o p u l a t i o n  r a t h e r  

than  t h e  cedar  s e e d l i n g  p o p u l a t i o n .

B o th  f r e q u e n c y  and abundance i n d i c a t e  t h a t  n e i t h e r  l i g h t ,  

pH nor t y p e  o f  g e r m i n a t i n g  media a r e  c r i t i c a l  f a c t o r s  i n  th e  

e s t a b l i s h m e n t  o f  v e g e t a t i v e  r e p r o d u c t i o n  th r o u g h o u t  th e  range  

o f  c o n d i t i o n s  found i n  th e  swamp s t a n d s  i n v e s t i g a t e d .  I n d i c a ­

t i o n s  show t h a t  a m o i s t  g e r m i n a t i n g  medium, e s p e c i a l l y  sphagnum 

m oss ,  d e f i n i t e l y  a i d s  v e g e t a t i v e  r e p r o d u c t i o n .  I n s o f a r  as  

few  com m ercia l  s p e c i e s  o f  f o r e s t  t r e e s  r e p ro d u c e  v e g e t a t i v e l y , 

no m o r t a l i t y  s t u d i e s  have been  found i n  the  l i t e r a t u r e .



Management

I t  i s  c o n c lu d e d  t h a t  s e e d l i n g  r e p r o d u c t i o n  under k  f e e t  

i n  h e i g h t  i s  u n a v a i l a b l e  to  d e e r  a s  w i n t e r  f o o d  i n  the  r e g i o n  

under  s t u d y .  T h is  l e a d s  to  th e  d e c i s i o n  t h a t  l i t t l e  i f  any  

"browse can he p ro d u ce d  by cedar  s e e d l i n g  r e p r o d u c t i o n  i n  l e s s  

th a n  20 y e a r s  under swamp c o n d i t i o n s  t h a t  c o v e r  a good p o r t i o n  

o f  th e  d e e r  y a r d s  i n  t h a t  a r e a .

I t  i s  e v i d e n t  t h a t  more r e s e a r c h  sh o u ld  be co n d u cted  i n  

r e l a t i o n  to  v e g e t a t i v e  r e p r o d u c t i o n  b e c a u se  i t  can produce  

browse i n  swamp s t a n d s  more r a p i d l y  than t h a t  o f  s e e d l i n g  

o r i g i n .  V e g e t a t i v e  r e p r o d u c t i o n  up to  5*0 f e e t  i n  h e i g h t  

p r o b a b ly  w i l l  be w e i g h t e d  down by i c e  and snow and thus  c o v e r e d  

d u r i n g  th e  w i n t e r .  A l th o u g h  th e  age  c l a s s  d e s i g n a t i o n  may 

i n d i c a t e  s l o w  g r o w th ,  t h i s  i s  n o t  n e c e s s a r i l y  the  ca se  b e c a u se  

a good number o f  th e  y e a r s  r e p r e s e n t e d  may have  been  as  a 

branch and n o t  a s  a branch  l a y e r .

The i n c r e a s e  o f  the  number o f  cedar  s tem s  per  a c r e  i n  

t h e  Cusino browse p l o t s  t h a t  a c co m p a n ies  th e  v a r y i n g  d e g r e e s  

o f  b r o w s in g  d o e s  not  h o l d  t r u e  i n  th e  Dukes e x p e r i m e n t s .  

A lth o u g h  t h i s  a p p ea r s  to  be a c o n t r a d i c t i o n  o f  d a t a ,  s e v e r a l  

s a l i e n t  p o i n t s  are  e v i d e n t .  There i s  a d i f f e r e n c e  i n  th e  a g e s  

o f  the  s t a n d s  a t  Dukes and a t  C u s in o .  The Cusino p l o t s  are  

a l l  composed o f  a young s ta n d  w h ereas  t h e r e  i s  a g r a d a t i o n  

from v e r y  young r e p r o d u c t i o n  ( B x c l o s u r e  k )  to  an overm ature  

s t a n d  ( E x c l o s u r e  7)  a t  Dukes.  I t  i s  a l s o  e v i d e n t  t h a t  d e e r  

o v e r - p o p u l a t i o n  has  n o t  been s e r i o u s  a t  Dukes but  has  been  

a t  C u s in o .



The c o n c l u s i o n s  r e g a r d i n g  t h e  i n c r e a s e  o f  c e d a r  s tem s  

and d e c r e a s e  o f  a i d e r ,  e v e n  u n d er  medium and h e a v y  "browsing 

c o n d i t i o n s  do n o t  a g r e e  w i t h  t h e  c o n c l u s i o n s  o f  S w i f t  ( 5 1 ) .

He c o n t e n d s  t h a t  i n  t im e  a good  d e e r  y a r d ,  i f  c o n s t a n t l y  

o v e r b r o w s e d ,  w i l l  grow up t o  p l a n t s  w h ic h  d e e r  e a t  o n l y  as  

a l a s t  r e s o r t .  "Thus - —  w h i t e  c e d a r ,  m o u n ta in  maple  . . . 

w i l l  be r e p l a c e d  by t a g - a i d e r ,  a s p e n ,  and  r a s p b e r r y " .

In  su m m a tio n ,  t h e  r e s u l t s  o f  th e  s i l v i c u l t u r a l  p r a c t i c e s  

s t u d i e d  i n d i c a t e :

1 .  Cedar s e e d l i n g  r e p r o d u c t i o n  i s  g r e a t e r  w i t h
l o p p i n g  and s c a t t e r i n g  o f  s l a s h  t h a n  w i t h  
p i l i n g  and b u r n i n g .

2 .  I n i t i a l  s e e d l i n g  r e p r o d u c t i o n  i n c r e a s e s  w i th  an
i n c r e a s i n g  r e s i d u a l  s t a n d .

3 . The a g e  o f  t h e  s t a n d  w i l l  d i c t a t e  t h e  amount o f
v e g e t a t i v e  r e p r o d u c t i o n  to  a l a r g e  d e g r e e .

H e a v i e r  c u t s  f a v o r  b o t h  a i d e r  i n v a s i o n  and  
b a lsa m  r e p r o d u c t i o n .

The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h e  p o s s i b i l i t y  o f  

d i f f e r e n t  a p p r o a c h e s  i n  s i l v i c u l t u r a l  m ethods  f o r  v a r i o u s  

p u r p o s e s  o f  management .  I t  i s  f e l t  t h a t  c o n d i t i o n s  f a v o r i n g  

a s e e d l i n g  t y p e  o f  r e p r o d u c t i o n  s h o u l d  be s o u g h t  f o r  i n  

management f o r  c o m m e r c ia l  p o l e ,  p o s t ,  and c a b i n  l o g  p r o d u c t i o n  

w h e r e a s  a v e g e t a t i v e  t y p e  o f  r e p r o d u c t i o n  w ou ld  be th e  most  

f a v o r a b l e  f o r  game management p u r p o s e s .  I n t e r m e d i a t e  c u t s  

must be c o n s i d e r e d  w i t h  t h e  same p o i n t s  i n  m ind .  The c o m m er c ia l  

o p e r a t o r ’ s i n t e r e s t  l i e s  i n  i n c r e a s e d  s tem  g r o w t h .  The 

game m a n a g e r ’ s i n t e r e s t  c e n t e r s  a b o u t ;

1 .  i n c r e a s e d  f o l i a g e  g r o w th  w i t h i n  t h e  h e i g h t  c l a s s e s  
t h a t  a r e  a v a i l a b l e  to  game a n i m a l s  a s  b r o w s e .



2 . r e d u c t i o n  o f  s e l f - p r u n i n g .

3 . an a i d  to  r e p r o d u c t i o n .

I f  t h e  c o n d i t i o n  e x p r e s s e d  i n  t a b l e  b  h o l d s  t r u e  in  th e  

m a j o r i t y  o f  swamp s t a n d s ,  th e  d e s i g n a t i o n  " c l e a r  out" u s e d  to  

d e s c r i b e  t h e  v a r i o u s  t y p e s  o f  c u t t i n g  methods can n o t  he u s e d  

syn onom ou sly  as  e x p r e s s i n g  a method o f  r e p r o d u c t i o n  ( 2 9 ) .  The 

f a c t  t h a t  a p p r o x i m a t e ly  65 p e r c e n t  o f  the  r e p r o d u c t i o n  t a l l i e d  

o r i g i n a t e d  from l a y e r i n g  would change the  c l a s s i f i c a t i o n  t o  a 

method t h a t  i s  u n d e s c r i b e d  i n  th e  l i t e r a t u r e .  I t  i s  p ro p o sed  

t h a t  two new methods o f  r e p r o d u c t i o n  be added to  f o r e s t  

t e r m i n o l o g y  to  d e s c r i b e  the  rem oval  o f  the  o l d  s t a n d  and th e  

e s t a b l i s h m e n t  o f  the  new crop by t h i s  type  o f  r e p r o d u c t i o n .

The " l a y e r i n g  m e t h o d ” i s  a  m ethod  com posed  w h o l l y  or  

m a i n l y  o f  l a y e r s .  The r e n e w a l  o f  t h e  f o r e s t  i s  a c c o m p l i s h e d  

p r i n c i p a l l y  by l a y e r s .  A l t h o u g h  t h e r e  i s  u s u a l l y  a m i x t u r e  

o f  s e e d l i n g s  and o t h e r  t y p e s  o f  v e g e t a t i v e  r e p r o d u c t i o n .  The 

s t a n d  i s  c u t  c l e a r .

The " l a y e r i n g - w i t h - s t a n d a r d s  method" e n t a i l s  t h e  m a i n t a i n  

i n g  o f  s t a n d a r d s  a b o v e  a  l a y e r i n g  f o r e s t .  R e p r o d u c t i o n  i s  

m a i n l y  from l a y e r s ,  b u t  t h e  a r e a  i s  n e v e r  c u t c l e a r .  S t a n d a r d s  

o r  —  i n  o t h e r  words —  a r e s i d u a l  s t a n d  i s  l e f t  s t a n d i n g  a t  

t h e  end o f  e a c h  r o t a t i o n .

I t  i s  f e l t  t h a t  t h e  d e s i g n a t i o n  o f  t h e  r e p r o d u c t i o n  

m ethod a s  a " l a y e r i n g  method" o r  " l a y e r i n g - w i t h - s t a n d a r d s  

method" i s  more t h a n  m e r e l y  c h a n g i n g  t h e  name o f  t h e  method  

i n  u s e .  A l a y e r i n g  t y p e  o f  r e p r o d u c t i o n  i n v o l v e s  a new 

p h i l o s o p h y  o f  c o n i f e r o u s  management i n  t h e  Lake S t a t e s  and  

e m p h a s i z e s  c o n c e p t s  t h a t  a r e  q u i t e  d i f f e r e n t  from  t h e  c l e a r  

c u t t i n g ,  s e e d - t r e e ,  s h e l t e r w o o d ,  and s e l e c t i o n  m e th o d s .



Montgomery ( ^ 2 )  h a s  made s t r i d e s  i n  t h e  d i r e c t i o n  o f  new 

management p r a c t i c e s  hy s u g g e s t i n g  t h a t  t o p p i n g  o f  c e d a r  k  t o  10 

f e e t  i n  h e i g h t  a p p r o x i m a t e l y  a t  b r e a s t  h e i g h t  w i l l  r e s u l t  i n  a 

g r e a t e r  t o t a l  number o f  b r a n c h e s ,  g r e a t e r  t o t a l  l e n g t h  o f  

b r a n c h e s ,  and  more b r a n c h  l a y e r i n g  t h a n  an u n t o p p e d  c h e c k .

I t  wag d i f f i c u l t  t o  o b t a i n  an  e s t i m a t e  o f  t h e  number o f  

s e e d l i n g s  p e r  a c r e  t h a t  c o n s t i t u t e  an a d e q u a t e  s t o c k i n g .

Hawley  ( ^ 9 )  a d v i s e s  t h e  e s t a b l i s h m e n t  o f  a t  l e a s t  2 , 0 0 0  t o  5*000  

w e l l - d i s t r i b u t e d  y o u n g  p l a n t s  p e r  a c r e  a s  a d e q u a t e  i n  d i r e c t  

s e e d i n g .  A s su m in g  t h e s e  f i g u r e s  t o  c o n s t i t u e  a d e q u a t e  s t o c k i n g  

o f  c e d a r  s e e d l i n g s  i n  a m ixe d  c o n i f e r o u s  swamp, i n d i c a t i o n s  

a r e  t h a t  a c u t  o f  a l l  m a t e r i a l  o v e r  2 i n c h e s  o r  4  i n c h e s  d . b . h .  

w o u ld  be u n s a t i s f a c t o r y  a s  a r e p r o d u c t i o n  m ethod w h e re a s  a 

s e l e c t i v e  c u t  w i t h  a r e s i d u a l  s t a n d  o f  500  o r  7 5 0  s t e m s  p e r  

a c r e  w o u ld  be  more s a t i s f a c t o r y .

E v i d e n c e  a l s o  p o i n t s  t o  t h e  p o s s i b i l i t y  o f  h e a v i e r  c u t s  i n  

y o u n g  s t a n d s  w i t h  t h e  r e p r o d u c t i o n  o f  c e d a r  by v e g e t a t i v e  

m ean s .  I n  m atu re  and o v e r m a t u r e  s t a n d s ,  a l i g h t  s e l e c t i v e  c u t  

w i t h  a  t h i n n i n g  from  b e l o w  m ig h t  be  a d v i s a b l e  i f  t h e  management  

i s  f o r  b r o w s e  p r o d u c t i o n  and t h e  y o u n g  s te m s  a r e  d e v o i d  o f  

b r o w s e .  W indthrow ,  b o t h  o f  c e d a r  and i t s  a s s o c i a t e s ,  was 

e n c o u n t e r e d  i n  h e a v y  c u t t i n g B  and a d j a c e n t  t o  them .  I t  must  

be c o n s i d e r e d  i n  d e t e r m i n i n g  a c u t t i n g  m eth od .



SUMMARY AND CONCLUSIONS

N o r th e rn  tvhite  c e d a r  i s  assum ing  more im p o r ta n c e  i n  the  

La^e S t a t e s  each  y e a r .  A l th o u g h  i t  o c c u r s  on both  m in e r a l  and 

o r g a n i c  s o i l  t y p e s  i n  t h e  e a s t e r n  h a l f  o f  th e  Upper P e n i n s u l a  

or M ic n ig a n ,  t h i s  s tu d y  i s  m a in ly  c o n c er n e d  v i t h  swamp s t a n d s .

L a b o r a to r y  s t u d i e s  were co n d u cted  on v a r i o u s  f a c t o r s  a f f e c t ­

in g  g e r m i n a t i o n .  I n d i c a t i o n s  a r e  t h a t  l a b o r a t o r y  g e r m in a t io n  o f  

se ed  c o l l e c t e d  i n  swamp s t a n d s  i s  low under good g e r m in a t in g  

c o n d i t i o n s .  Tem peratures  1 8 °  C. and be low  had an a d v e r se  e f f e c t  

upon se e d  g e r m i n a t i o n  and s e e d l i n g  v i g o r .  A t r e n d  o f  i n c r e a s e  

i n  g e r m i n a t i o n  w i t h  a d e c r e a s e  i n  h y d r o g e n - i o n  c o n c e n t r a t i o n  

ttDOve pH 6 . 0  was a p p a r e n t ,  but  became l e s s  pronounced as t h e  

g e r m i n a t i o n  p e r i o d  i n c r e a s e d .  No s i g n i f i c a n t  d i f f e r e n c e  was 

iound i n  t h e  amount o f  g e r m i n a t i o n  on f o u r  n a t u r a l  t y p e s  o f  

media: swamp f l o o r ,  l o g s  i n  v a r y in g  s t a g e s  o f  d e c a y ,  hardwood 

l i t t e r ,  and m in e r a l  s o i l  as  a c h e c k .  F u l l  s u n l i g h t  i n h i b i t e d  

g e r m i n a t i o n  and p a r t i a l  l i g h t  was more s a t i s f a c t o r y  than  d a r k n e s s .

F i e l d  o b s e r v a t i o n s  and e x p e r im e n t s  c o n f irm e d  t h e  l a b o r a t o r y  

r e s u l t s  e x c e p t  as  n o t e d .  F i e l d  s t u d i e s  i n d i c a t e  t h a t  s u f f i c i e n t  

seed  i s  p r e s e n t  i n  swamp s t a n d s  f o r  r e p r o d u c t i o n  a l t h o u g h  

v i a b i l i b y  i s  l o w .  The prep o n d eran ce  o f  s e e d l i n g  emergence occu rred  

between t h e  5 t h  o f  June and th e  5 th  o f  J u l y ;  e a r l i e r  g e r m in a t io n  

o c c u r r e d  on p a r t i a l l y  d e ca y ed  l o g s  and stumps than on th e  swamp 

f l o o r .  R e s u l t s  p o i n t  o u t  t h a t  l i g h t  i n t e n s i t y  was n o t  a c r i t i c a l  

f a c t o r  i n  s e e d l i n g  g e r m i n a t i o n  and i n i t i a l  d eve lop m en t  t h r o u g h ­

o u t  t h e  normal range  o f  l i g h t  c o n d i t i o n s  found i n  our swamp 

s ta n d s  and c u t t i n g s  a l t h o u g h  t h e r e  i s  a d e c r e a s e  i n  both



abundance and f r e q u e n c y  a t  t h e  upper  and lo w e r  e x t r e m e s .  Tne 

abundance and f r e q u e n c y  o f  s e e d l i n g  r e p r o d u c t i o n  i n c r e a s e s  w i t h  

& d e c r e a s e  i n  h y d r o g e n - i o n  c o n c e n t r a t i o n  above  a p p r o x im a te ly  

pH 6 . 0 .  Hoy/ever, a d e q u a te  g e r m i n a t i o n  o c c u r r e d  t h r o u g h o u t  th e  

normal r a n g e  o f  pH v a l u e s  foun d  i n  c e d a r  s t a n d s .  Maximum s e e d in g  

d i s t a n c e  o b s e r v e d  was 1 5 8 . 0  f e e t  w i t h  40 t o  50 f e e t  a p p ea r in g  t o  

p r o v i d e  a d e q u a te  i n s u r a n c e  o f  a s e e d  s u p p l y .

Unuer f i e l d  c o n d i t i o n s ,  l o g s  i n  v a r i o u s  s t a g e s  o f  decay  are  

t n e  p r e f e r r e d  t y p e s  o f  g e r m i n a t i n g  media f o r  s e e d l i n g s  and were  

xound t o  occupy ab o u t  16 p e r c e n t  o f  t h e  swamp ground a r e a .  The 

s e e d l i n g s  g e r m i n a t i n g  upon them d e v e lo p e d  b e t t e r  r o o t  sy s tem s  

t h a n  t h o s e  g e r m i n a t i n g  upon t h e  swamp f l o o r .  A h i g h e r  t em p er a tru e  

t h r o u g h o u t  t h e  grov/ing s e a s o n  i n  t h i s  ty p e  o f  medium as compared  

w i t h  t h e  sv/amp f l o o r  i s  th o u g h t  t o  be th e  r e s p o n s i b l e  f a c t o r .  

Harawood l i t t e r  and sphagnum beds  were not  s a t i s f a c t o r y  g e r m in a t in g  

m edia ,  t h e  hardvfood l i t t e r  —  p r e d o m in a n t ly  a l d e r  l e a v e s  —  being  

coo d r y .  A n o t i c e a b l e  a b s e n c e  o f  s e e d l i n g s  was found  i n  d e e r  

r u n w a y s .

A p p r o x im a te ly  8 . 5  p e r c e n t  o f  t h e  s e e d l i n g  p o p u l a t i o n  was 

lo u n d  t o  be k i l l e d  and 11*5 p e r c e n t  damaged by r o d e n t  and snov/shoe  

hare  bro w s in g  i n  a s i n g l e  y e a r .  D e s i c c a t i o n ,  l a t e  s p r in g  f r o s t s ,  

r o o t  r o t ,  c o v e r i n g  by l i t t e r  and d u f f ,  in a d e q u a t e  r o o t  sy s tem  

d e v e lo p m e n t ,  and c o m p e t i t i o n  from h e r b a c eo u s  c o v e r  and sphagnum 

moss a r e  o t h e r  f a c t o r s  t h a t  c a u s e  m o r t a l i t y  o f  young c e d a r  

s e e d l i n g s .  N a t u r a l  d r a in a g e w a y s  had an i n h i b i t i n g  e f f e c t  upon 

s e e d l i n g  r e p r o d u c t i o n  from t h e  s t r e a m ' s  edge  t o  a d i s t a n c e  o f  

75 f e e t .  No e x p e r i m e n t a l  e v id e n c e  i s  o f f e r r e d  in  e x p l a n a t i o n  

o f  t h i s  phenomenon.



Growth s t u d i e s  i n d i c a t e  t h a t  a p p r o x i m a t e ly  t e n  y e a r s  a r e  

r e q u i r e d  f o r  a s e e d l i n g  to  r e a c h  2 f e e t  i n  h e i g h t  and tw en ty  

y e a r s  t o  r e a c h  ^  f e e t  i n  h e i g h t  on a B i f l e  p e a t  s i t e .  B e p r o d u c t io n  

i s  r o u g h ly  c o r r e l a t e d  w i t h  the  b a s a l  a r e a  o f  ced ar  and th e  h i g h ­

e s t  numbers o f  s e e d l i n g s  a re  found i n  a r e a s  w i t h  th e  g r e a t e s t  

b a s a l  a r e a  o f  cedar  and on the  f a v o r e d  o r g a n i c  s o i l  t y p e s ,  B i f l e  

p e a t  and Carbondale  muck.

Tem perature  and m o i s t u r e  o b s e r v a t i o n s  were c a r r i e d  o u t  as  

a ph ase  o f  t h e  s t u d y .  The t e m p e r a t u r e s  w i t h i n  l o g s  i n  v a r i o u s  

s t a g e s  o f  d e c a y  i s  s i g n i f i c a n t l y  h i g h e r  and showed a g r e a t e r  

v a r i a t i o n  th a n  the  t e m p er a tu r e  o f  th e  swamp f l o o r .  The a v e r a g e  

a i r  t e m p e r a t u r e s  w i t h i n  th e  swamp a r e  c o n s i d e r a b l y  low e r  than  

t h o s e  o f  a check  s t a t i o n  l o c a t e d  on an a d j a c e n t  up land  r i d g e .

M o is t u r e  p e r c e n t a g e s ,  o b t a i n e d  th r o u g h o u t  th e  grow ing  s e a s o n  from 

d e c a y in g  l o g s  and th e  swamp f l o o r *  i n d i c a t e d  h i g h e r  moiBture  

c o n t e n t s  t h a n  hardwood l i t t e r .  The w ater  l e v e l  o f  th e  p o r t i o n  

o f  th e  swamp t h a t  i s  a f f e c t e d  by d r a in a g e  from th e  a d j a c e n t  

up land  s l o p e s  shows g r e a t e r  f l u c t u a t i o n s  than  the  p o r t i o n s  t h a t  

are  l o c a t e d  d e e p e r  in  th e  swamp.

A l th o u g h  s t u d i e s  on the f a c t o r s  a f f e c t i n g  v e g e t a t i v e  r e p r o ­

d u c t i o n  were c a r r i e d  on i n  p a r a l l e l  w i th  s t u d i e s  on i n i t i a l  

s e e d l i n g  r e p r o d u c t i o n ,  th e  numbers o f  stems o f  v e g e t a t i v e  o r i g i n  

were l e s s  and t h e r e f o r e  n o t  o f  a m agnitude  to  a l l o w  s t a t i s t i c a l  

i n t e r p r e t a t i o n  i n  many c a s e s .  Both f r e q u e n c y  and abundance o f  

i n i t i a l  v e g e t a t i v e  r e p r o d u c t i o n  i n d i c a t e  t h a t  n e i t h e r  l i g h t ,  

pH, nor  t y p e  o f  g e r m i n a t i n g  medium a re  c r i t i c a l  f a c t o r s  i n  i t s  

e s t a b l i s h m e n t .  The p r e s e n c e  o f  sphagnum moss d e f i n i t e l y  a i d s  

v e g e t a t i v e  r e p r o d u c t i o n .  The age o f  the  s ta n d  i s  f e l t  to  be an

 M



i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  amount o f  v e g e t a t i v e  

r e p r o d u c t i o n  t h a t  w i l l  r e s u l t .  R o d e n t  and sno w sh o e  h a r e  b r o w s i n g  

d e e r  b r o w s i n g ,  r o o t  r o t ,  and f a i l u r e  o f  a d v e n t i t i o u s  r o o t s  t o  

d e v e l o p  w ere  n o t e d  ag c a u s e s  o f  m o r t a l i t y  i n  t h i s  t y p e  o f  

r e g e n e r a t i o n .  Growth,  i n  r e l a t i o n  t o  a g e ,  i s  d i f f i c u l t  to  

d e t e r m i n e  i n  v i e w  o f  i t s  d e p e n d e n c e  upon t h e  r o o t  s y s t e m  o f  th e  

p a r e n t  p l a n t  i n  many o f  t h e  form s  o f  v e g e t a t i v e  p r o p a g a t i o n .  

H o w ever ,  i t  wag fo u n d  t o  be more r a p i d  i n  p r o d u c i n g  a v a i l a b l e  

d e e r  b r o w se  t h a n  t h e  s e e d l i n g  m e th o d .  l a y e r i n g ,  p r i n c i p a l l y  

t h a t  o f  b r a n c h e s ,  and t h e  f o r m a t i o n  o f  v e r t i c a l  e tem s  from  

w in d th r o w n  t r e e s  w ere  t h e  most  common means o f  v e g e t a t i v e  

p r o p a g a t i o n  a l t h o u g h  o t h e r  t y p e s  w ere  f o u n d .  In  a  r e p r e s e n t a t i v e  

s t a n d  on R i f l e  p e a t ,  20  p e r c e n t  o f  t h e  r e p r o d u c t i o n  from 2 t o  8 

f e e t  i n  h e i g h t  was 0 f  s e e d l i n g  o r i g i n  and t h e  r e m a i n i n g  80 

p e r c e n t  o f  v e g e t a t i v e  o r i g i n .

F o r t y - f i v e  p e r c e n t  o f  a d v a n c e d  r e p r o d u c t i o n  m o r t a l i t y  

t h a t  wag t a l l i e d  wag due t o  d e e r  b r o w s i n g  and 2 0  p e r c e n t  

c a u s e d  by sn o w sh o e  h a r e  b r o w s i n g .  Of th e  r e m a i n i n g  35 p e r c e n t  

m o r t a l i t y ,  t h e  c a u s e  o f  17 p e r c e n t  was u n d e t e r m i n e d .  O th er  

c a u s e s  t h a t  w ere  n o t e d  i n c l u d e  r o o t  r o t ,  c o m p e t i t i o n ,  f a i l u r e  

o f  t h e  r o o t  s y s t e m  to  d e v e l o p ,  b r o k e n  l e a d e r s ,  and w in d th r o w .

A l t h o u g h  snow sh oe  h a r e  b r o w s i n g  and a c o m b i n a t i o n  o f  

sn o w sh o e  and d e e r  b r o w s i n g  d i d  n o t  r e d u c e  t h e  number o f  c e d a r  

s t e m s  p e r  a c r e  i n  a t w e l v e  y e a r  p e r i o d ,  t h e  snow shoe  b r o w s i n g  

s e v e r e l y  i n j u r e d  a s  much a s  25  p e r c e n t  o f  t h e  c e d a r  r e p r o ­

d u c t i o n  from  2 to  8 f e e t  i n  h e i g h t  i n  th e  a r e a  s t u d i e d .

Among th e  a s s o c i a t e s  o f  c e d a r ,  snowshoe b r o w s in g  markedly  

r ed u ced  t h e  number o f  s tem s per  a c r e  o f  a i d e r  and red maple
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b u t  bad no s i g n i f i c a n t  e f f e c t  on b la c k  a s h  or balsam  f i r .

In  a p e r i o d  o f  e l e v e n  y a r d in g  s e a s o n s ,  t h e  number o f  ced a r  

s tem s o v e r  2 f e e t  i n  h e i g h t  showed an i n c r e a s e  and a l d e r  i n  t h e  

same h e i g h t  c l a s s e s  a d e c r e a s e  under know amounts o f  deer  

D row sin g .  T h is  t r e n d  d id  n o t  e x p r e s s  i t s e l f  as  r a p i d l y  under  

heavy and medium d e e r  b row s in g  a s  i t  d id  w i t h  l i t t l e  or no 

b r o w s in g ,  how ever .

S t u d i e s  on t h e  e f f e c t  o f  s i l v i c u l t u r a l  p r a c t i c e s  upon  

ced a r  r e p r o d u c t i o n  i n d i c a t e  t h a t  s e e d l i n g  r e p r o d u c t i o n  i s  g r e a t e r  

v/ ith  l o p p i n g  and s c a t t e r i n g  o f  t h e  s l u s h  o f  browse s p e c i e s  than  

w i t h  p i l i n g  and b u r n in g .  L e s s  a l d e r  i n v a s i o n  was a l s o  found w i t h  

l o p p i n g  and s c a t t e r i n g  t h a n  v / i th  p i l i n g  and b u r n in g .  No r e p r o ­

d u c t i o n  7/as found i n  s l a s h  p i l e s .  I n i t i a l  s e e d l i n g  r e p r o d u c t i o n  

in c r e a s e d  w i t h  an i n c r e a s i n g  r e s i d u a l  s t a n d .  A s e l e c t i v e  c u t  

l e a v i n g  a r e s i d u a l  s tand  o f  500 stems p er  a c r e  or 750 stem s  

per a c r e  was s a t i s f a c t o r y .  Tne age  o f  t h e  s ta n d  a t  the  t im e  o f  

c u t t i n g  d e t e r m in e s  t h e  amount o f  v e g e t a t i v e  r e p r o d u c t i o n ,  th e  

youn ger  s t a n d s  f a v o r i n g  i t .  Heavy c u t s  a p p ro a c h in g  and i n c l u d i n g  

a c l e a r  c u t  f a v o r  b o t h  a l d e r  i n v a s i o n  and balsam f i r  r e p r o d u c t i o n .

Management o f  ced a r  on a com m erc ia l  b a s i s  s h o u ld  r e l y  on 

a sy s tem  t h a t  f a v o r s  s e e d l i n g  r e p r o d u c t i o n  i n  v iew  o f  th e  

im p o r ta n c e  o f  form. Management f o r  mass f o l i a g e  p r o d u c t io n  sh ou ld  

f a v o r  v e g e t a t i v e  r e p r o d u c t i o n  as  i t  r e a c h e s  an a v a i l a b l e  h e i g h t  

f o r  brow sing  s o o n e r .  R e p r o d u c t io n  methods are  s u g g e s t e d  i n s o f o r  

as  th e  data  and o b s e r v a t i o n s  o b t a in e d  i n  t h i s  s tu d y  would a l l o w .

I t  i s  proposed  t h a t  t h e  term s " l a y e r i n g  method" and " l a y e r i n g -  

v / i t h - s t a n d a r d s  method" be used i n  f o r e s t  t e r m i n o l o g y  to



d e s i g n a t e  t h e  t y p e s  o f  r e p r o d u c t i o n  methods t h a t  d e s c r i b e  

uedar  r e p r o d u c t i o n .

A tte m p ts  t o  i n c r e a s e  d e e r  fo o d  and c o v e r  and t o  change  

c u t - o v e r  s p r u c e - b a l s a m  t y p e  t o  c e d a r  t y p e  by c e d a r  p l a n t a t i o n s  

nave been  u n s u c c e s s f u l .
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Table 35* — .Abundance and frequency of seed lin g  reproduction under 2 fe e t

in  he igh t in  v a rious l ig h t  cond itions

Foot-candle
power

Abundance Frequency Number of m il- 
acre p lo ts  in  

c la ss

Number of stems Percent
5-7 3 .2 38. 8
7-10 10.0 86. 14
10-14 6 .5 90. 19
14-20 17-0 82. 28
20-28 6 .6 77- 31

28-40 2.9 67. 15
40-53 9 .0 76. 25
58-81 6 .8 53. 19
81-114 9.6 76. 17
114-162 21.0 69. 13

162-232 23.8 75- 8
232-331 5 .5 50. 4
331 P lus 1 .2 33. 9



Table 3 6 . — Abundance and frequency of seedling re-production in swamp

stands at various pH l e v e l s  1 /

pH Abundance Frequency

•
•

Humber of mil-  
: acre p lo ts  in
5 c lass
•
•

Humber o f  stems Percent

4. 0-4.4 1*5 54. 13
4.5-4. 9 0.8 33. 6
5.0-5.4 1.2 4o. 10
5.5-5.9 0.9 33- 15
6.0-6.4 7.3 66. 6 1

6.5-6.9 17.4 81. 52
7.0-7.5 39.1 92. 13

1/  T a l l ie s  are based on seedlings from 0 to 2 feet  in height.



A nalys is  of  variance.  Germination o f  cedar seed in  the  

laboratory under d i f f e r e n t  l i g h t  cond it ions .  Original  data 

presented in  tab le  6.

Source________ D. P. S. S. Variance______ P________ 5^_____ l £

Treatment 1 60 60 1.50 1+.21 7 .68

Time H 1377 3U4 8 . 60** 2.73 U .l l

Treatment x  Time b 1806 1+52 11 . 30** 2.73 U .l l

R ep l ica tes 3 83 28 1.^3 8 .6 2 26 .50

Error 27 1076 *J0

Total 39 U1402

A nalys is  o f  variance Germination o f cedar seed under various

pH condit ions . Original  data presented in  table  7.

Source D. P. S. S. Variance P & 1*

PH 5 3229 6U5 .8 35.5** 2 .3 0 3 .2 0

Time 3 I 625U 5^18.0 297.6** 2 .70 3 .98

R epl icates b 12 3 .0 6 . 1* 5 .6 6 13.57

Time x  pH 15 50U5 336.3 18 . 5** 1 .7  8 2 .2 5

Error 92 1671 18 .2

Total 119 26211

L. S. D. a -/ Error variance x N x  2 x t 0j  

a J 18 .2  x  6 x 2 x 1.985 

= /  218.1+ x 1.985  

= 29 . U



x y 7

Treatment Total Comparisons

pH 3 .0 92 Less than U.Q, 5 . 0 , 6 .0 , 7 .0 , 8 .0

14.0 3*17 L ess than 7 .0 , 8 .0

5 .0 362 Less than 8 .0

6 .0 293 Less than 8 .0

7 .0 378

8 .0 Uoo

Analysis  of  variances. Germination of cedar seed in  the 

laboratory on various types of germinating media. Original data 

presented in  table  8.

Source D. P. S. S. Variance P 5# 1*

Treatment 3 75*4 251 1.37 3 .8 6 6.99

Replicates 3 238 79 2 .32 8.81 27 . 3*1

Error 9 16H6 I 83

Total 15 2638

Correlation between the number of cedar Btems per acre at 

present (19*19) and the percentage o f  browse available in Cusino 

Browse P lo t s .

(X) (Y)
Plot Browse (X)^ (Y)^ XY

Cedar Stems Percentage

5 103 3 .0 10,609 9 .0 0 309.0

8 155 6.9 211,025 147.61 1 , 069 .5

1 I 87 23.3 3^,969 5*12.89 *4,357.1

7 299 U5 .2 89,1401 2 , 0143.014 13,51*4.8



H6.68

/  20 ,620  x
.   = .978

1.105



Appendix B: Common Baines of Trees and Shrubs and their
S c ie n t if ic  Equivalents.

Alder
Amalanchier 
Ash, Black  
Aspen (Poplar)
B alm -of-G iliad
B irch , White (Paper B irch)
B irch , Yellow
Cedar, northern White (A rhorvitae)
Cedar, Southern White
Cherry, Black
Cranberry, High-bush
Dogwood, R ed-osier
Elm, American
P ir ,  Alpine
P ir , Balsam
P ir , Douglas
Hemlock
Maple, Red
P in e, Eastern White
Spruce, BlaCk
Spruce, Engelmann
Spruce, Red
Spruce, White
Tamarack
Willow

Alnus Inc ana W illd .
Amalanchier canadensis ( 1 . )  Med. 
Praxinus n igra  .Man sh 
Ponulus trem uloides Michx.
Ponulus b a lsam ifera  1 .
B etu la  n an yrifera  Marsh.
B etu la  lu te^  Michx.
Thuja Occidenta l i s  L.
Chamaecynaris th vo id es L.
Prunus sero tln a  Ehrh. ^
yiburnum onulus americanum (M ill .)  A it.
Oornus s to lo n ife r a  Michx.
UlmuB americana L.
Abies lasiocar-pa (Hook.) B u tt.
Abies balsamea (L .) M ill.
Pseudotsuga t a x i f o l ia  (La Marck) B r it . 
Tsuga canadensis (L .) Carr 
Acer rubrum L.
Pinus strobus L.
P ic e a  mariana (M ill .)  B r it .
P icea  eiigelmannii Engelm.
P ic e a  rubra Link.
P ice a  glauca (Moench) Voss.
L arlx la r ic in a  (DuRoi) Koch.
S a lix  s p p . . . .



Append!s 0: Common ITames o f Birds end Mammals and
their S c ie n t if ic  Equivalents.

Birds
Barred Owl Strix varia varia Barton
Or eat Horned Owl Bubo virginianus v irg in!  anus (Gmel.)

Mammals
Bobcat
Chipmunk, Le ast  
Coyote
Deer, White-tailed  
Hare, varying (snowshoe) 
Lynx
Shrew, Masked 
Squirrel,  Red 
Vole, Meadow 
Vole, Red-backed 
Weasel, Short t a i l e d  
Wolf, Timber

Lynx rufus rufus Schreber
Eutamius minimus .lackson! Howell
Oanis latrans latrans Say
Odocoileus virgin!anus borealis  Miller.
Leuus Americanus nhaeonotus Allen
Lynx canadensis canadensis Kerr.
Sorex cinereus cinereus Kerr 
Tamiasciurus hudsonicus loquax Bangs. 
Microtus nennsylvanicus -oennsylvanicus Ord. 
Olethrionomys ganneri genneri Vigors 
Mustela cicognanii cicognanii Boneparte 
Canis luous lycaon Schreber .



A ppendix  D. Method o f  S e e r  Browse A n a l y s i s

I n t r o d u c t i o n

The method d e s c r i b e d  h e r e i n  i s  a r a t h e r  r a d i c a l  

m o d i f i c a t i o n  o f  the  A ld o u s  method o f  d e e r  yard a n a l y s i s  1 /  

t h a t  was u s e d  i n  d e t e r m i n i n g  "browse c o n d i t i o n s  d e s c r i b e d  in  

t h i s  d i s s e r t a t i o n .  The fun dam enta l  c o n c e p t s  i n v o l v e d  have  

been  i n  u s e  f o r  sometime by the Game D i v i s i o n ,  M ichigan  

Department o f  C o n s e r v a t i o n .

F i e l d  P roced u re

F i e l d  p r o c ed u r e  i s  b a s e d  upon th e  Game D i v i s i o n  Browse  

Study Form No. 1 ,  a copy o f  which i s  i n c l u d e d  w i t h  the  

d e s c r i p t i o n .  C o l l e c t i o n  o f  da ta  was made in  permanent p l o t s  

one c h a in  i n  l e n g t h  and 10 l i n k s  ( 6 . 6 * )  i n  w i d t h .

Stem c o u n t s  were made o f  the  dominant browse s p e c i e s  —  

n o r t h e r n  w h i t e  cedar — i n  the  y a r d  under s t u d y .

A l l  s tem s o f  th e  dominant browse s p e c i e s  o v e r  two f e e t  i n

h e i g h t  were t a l l i e d  a c c o r d i n g  to  th e  breakdown o f  the  f i e l d  

s h e e t .  P r e v i o u s  e x p e r i e n c e  i n d i c a t e d  t h a t  th e  i n c l u s i o n  o f  the  

0 to  2 f o o t  c l a s s  would  i n t r o d u c e  a marked e r r o r  i n  t h a t  the  

stem s w i t h i n  t h i s  h e i g h t  c l a s s  a r e  i n a v a i i a h l e  a s  w i n t e r  food  

f o r  the  w h i t e t a i i  due to  snow c o n d i t i o n s .

O f f i c e  P roced u re

Summarize the  f i e l d  d a t a .  O b ta in  the  t o t a l  number o f  stems  

i n  each browse c a t e g o r y .  C a l c u l a t e  th e  p e r c e n t a g e  o f  stems in

1 /  A ld o u s ,  S. E. 1 9 ^ .  A Deer Browse Survey Method. J o u r n a l
o f  Mammalogy 2 5 *1 3 0 - 1 3 6



e ^ ch  "browse c l a s s .  

B row se C la s s N o. o f  Stem s  

50  

28  

6 

14- 

9 8

P e r c e n ta g e  In  C la s s  

5 1 .0  ( 5 0 /9 8 )

2 8 .6  ( 2 8 / 9 8 )

6 . 1  ( 6 / 9 8 )

14-.3  (1 4 -/9 8 )

No "browse 

0 -  3 3 $

34- — 6 6 $

67 -  1 00 $

TOTAL

W ith  th e  p e r c e n t a g e  i n  e a c h  c l a s s ,  we a r e  p r e p a r e d  to  o b ta in , 

a "browse in d e x .  In  d o in g  s o ,  we m ust e s t a b l i s h  a  s i n g l e  v a lu e  

o f  a v a i l a b l e  b ro w se  f o r  e a ch  o f  th e  t a l ly -  c l a s s e s .  The mean 

o f  e a c h  c l a s s  w as c h o s e n  a s  m ost r e p r e s e n t a t i v e  o f  th e  c l a s s .

The v a l u e s  f o r  th e  v a r io u s  c l a s s e s  w ou ld  th e n  b e :

C la s s  B row se P a p to r

No b ro w se  0 .0

0 -  3 3 $ 1 6 . 0

34- -  6 6 $ 5 0 . 0

67 -  1 0 0 $ 84- . 0

By m u l t i p l y i n g  th e  p e r c e n t a g e  i n  e a c h  c l a s s  by th e  b ro w se  

f a c t o r  we a r r i v e  a t  a “ b row se  i n d e x 11. U s in g  th e  same e x a m p le s  

a s  p r e v i o u s l y ,  we w o u ld  o b t a in  th e  f o l l o w i n g  r e s u l t s .

C la s s
P e r c e n ta g e  
In  C la s s

B row se
P a c to r

No browse 5 1 . 0 X 0 . 0 m

0 -  3 3 $ 2 8 . 6 X 1 6 . 0 -

34- -  6 6 $ 6 . 1 X 5 0 . 0 =

67  -  1 0 0 $ 14- . 3 X 84-. 0 3

The "browse index" 1 9 . 6 may be used

B row se In d e x  

0 . 0  

4- . 6

3 .0

1 2 . 0

19 .6



c o m p a r iso n  "between y a r d s  o r  "between s u c c e s s i v e  y e a r s  in  th e  same 

y a r d . H ow ever, i t  was fo u n d  more s a t i s f a c t o r y  to  u s e  th e  

" p e r c e n ta g e  o f  a v a i l a b l e  "browse" a s  a  c o m p a r a tiv e  v a lu e  r a t h e r  

th a n  th e  "brow se in d e x " .

I t  s h o u ld  be rem em bered t h a t  th e  "brow se in d e x "  i s  b a se d  

on a  maximum v a lu e  o f  8 4 , th e  mean p e r c e n t a g e  o f  b row se  i n  th e  

u p p er  b ro w se  c l a s s  on  I*orm 1 ( 6 ? - 1 0 0 $ ) .  By d i v i d i n g  th e  "brow se  

in d e x "  "by t h i s  v a lu e  ( 8 4 . 0 ) ,  we a r r i v e  a t  th e  " p e r c e n ta g e  o f

a v a i l a b l e  b row se"  f o r  th e  i n d i c a t o r  s p e c i e s .  Thus we w ou ld

a r r i v e  a t  a f i g u r e  o f  2 3 . 3  ( 1 9 . 6 / 8 4 . 0 )  a s  th e  " p e r c e n ta g e  o f

a v a i l a b l e  b ro w se"  f o r  th e  exam p le  c i t e d .

D i s c u s s io n

The a n a l y s i s  o f  f i e l d  in f o r m a t io n  i n  a c c o r d a n c e  w ith  th e  

m eth od  d e s c r ib e d  made p o s s i b l e  th e  h i g h e s t  d e g r e e  o f  u t i l i z a t i o n  

o f  f i e l d  t a l l i e s  ta k e n  a t  th e  t im e  o f  p l o t  e s t a b l i s h m e n t .  A 

n u m e r ic a l  e s t im a t e  o f  b ro w se  c o n d i t i o n s  was o b t a in e d  by t h i s  

m eth o d . A t h i r d  a d v a n ta g e  t h a t  t h i s  m ethod p r e s e n t e d  was t h a t  

th e  f a c t o r s  o f  n a t u r a l  p r u n in g  and l o s s  o f  b row se due to  

sn o w sh o e  h a r e  b r o w s in g  w ere i n t e g r a t e d  i n t o  th e  v a lu e s  o b t a in e d .

I t  i s  a c k n o w le d g e d  t h a t  t h e r e  a r e  s e v e r a l  s e r i o u s  

d is a d v a n t a g e s  in h e r e n t  i n  th e  m ethod e m p lo y e d . No a l lo w a n c e  

i s  made f o r  th e  v a r y in g  p e r c e n t a g e  c o m p o s it io n  o f  th e  i n d i c a t o r  

o r  d o m in a n t b row se s p e c i e s  n o r  i s  a l lo w a n c e  made f o r  p o s s i b l e  

d i f f e r e n c e s  i n  b row se p r o d u c t i v i t y  on v a r io u s  s i t e s .  I t  was 

f e l t  t h a t  u n i f o r m it y  o f  th e  s i t e  and f o r e s t  ty p e  w ould  co n fo u n d  

t h i s  s o u r c e  o f  e r r o r  to  a l a r g e  d e g r e e .  A f u r t h e r  d is a d v a n ta g e



o f  t h i s  m ethod  l i e s  i n  th e  f a c t  t h a t  —  a t  p r e s e n t  —  s a t i s f a c t o r y  

f a c t o r s  a p e  n o t  a v a i l a b l e  t h a t  w o u ld  a l lo w  c o n v e r s io n  o f  th e  

f i n a l  v a lu e  - -  p e r c e n t a g e  o f  a v a i l a b l e  b ro w se  —  in t o  p ou n d s  

p e r  a c r e  o f  a v a i l a b l e  "browse, a f i g u r e  d i r e c t l y  r e l a t e d  to  

th e  u l t i m a t e l y  d e s ir e d  i n t e g r a t i o n ,  c a r r y in g  c a p a c i t y .  H ow ever, 

th e  l a t t e r  d is a d v a n t a g e  seem s to  "be in h e r e n t  in  a n  th e  "browse 

c r u i s i n g  m eth od s in  u s e  to d a y .
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Appendix E: A sso c ia tes  o f Cedar from C o llectio n s and Observations.

S c ie n t i f ic  ifame

Abies balsamea (L .) M ill.
Acer rubrum L.
Acer -pennsyivanicom 1.
Acer saccharum Marsh.
Alnug incana (L .) Moench.
Amelanchier canadensis (L .) Medic. 
Andronogon furcatus M.
A ra l!a  n u d ica u lis  L.
B etu la alba L.
B etula lu te a  Michx. f .
Botrychium virginlanum (L.)  Sw.
Carex f la v a  r e c t lr o s tr a  Gaudin.
Carex f o l l l c u la t a  L.
Carex s t r ic t a  Lam.
Carex trisoerm a Dewey 
Chamaeda-phne ca ly cu la ta  (L .) Moench 
Chelone glabra L.
Cornus a l t e r n if o l ia  L. f .
Cornus canadensis L.
Cornus s to lo n ife r a  Michx.
Corylus ro stra ta  A it .
Cyorinedium a ca u le A it .
Cyprioedium uubescens (W illd .) Knight. 
Eauisetum spp.
Evxoatorium uerfoliaturn L.
Euog.torium ■ouraureuia maculatum (L. )  Dari. 
Eragaria vesca americana Porter  
Fraxinus nigra Marsh 
Galium asnrellum  Michx.
Gault her ia  -orocumbens L.
Gentiana nrocera Holm.
Habenaria d ila ta ta  (pursh) Gray.
Heracl eum lanatum Michx.
Inroatiens b if lo r a Walt.
I r is  v e r s ic o lo r  L.
Larix la r ic in a  (DuRoi) Koch.
Ledum groenlandicum Oeder.
Lilium •ohiladel-phicum andinum (H u tt.) Ker. 
Linnaea b o rea lis  americana (Porbes) Rehder. 
L obelia  Kalmii L.
Lonicera canadensis Marsh.
Lonicera h irsu ta  Eat.
Lycouus americanus Muhl.
Malanthemum canadenoe D esf.
M icro sty lis  mononhyllos (L .) L indl. 
Monotrooa u n iflo ra  L.
P arnassia  caro lln ian a  Michx.
P icea  canadensis (M ill. )  BSP,
P icea  mariona (M ill .)  BSP.
Pinus Strobus L.

Common Name

Balsam f i r  
Ped maple 
Striped  maple 
Sugar maple 
Speckled a lder  
S ervice berry 
Beard grass  
Wild sa r sa p a r illa  
White b irch  
Yellow birch  
R attlesnake fern

Leather le a f  
Balmony
A ltern a te -lea fed  dogwood 
Bunch berry 
R ed-osier dogwood 
Beaked hazelnut 
Stem less la d y 's  s lip p er  
Larger yellow  la d y 's  slipp  
H orseta il 
Boneset 
Joe-Pye weed

Black ash
Rough bedstraw
Teabeiuy
Gentian
Fringed orch is
Cow parsnip
Spotted touch-me-not
Larger blue f la g
Tamarack
Labrador tea
Wood l i l y
Twin flower

American f l y  honeysuckle 
Hairy honeysuckle

Adder's mouth 
Indian p ipe  
Grass o f Parnassus 
White spruce 
Black spruce 
White pine



Polygonatum commutatura (R. & S . ) D ie tr . 
Pouulug balsam ifera  L.
Pouulus trem uloides Michx.
P o te n t i l ia  fr u c tic o sa  L.
P run ella  v u lg a r is  L.
Prunus sero tin a  Ehrli.
Ranunculus a cr io  L.
Rhamnus a ln i f o l ia  L’Her.
Ri~bes spp.
Rosa spp
Rubus t r i f lo r u s  Richards.
S a lix  spp.
Sarracenia purpurea L.
Scirous atroviren3 Muhl.
S c u te lla r ia  g a le r lc u la ta  L.
Senecio aureus L.
Sisyrinchium  angustifo lium  M ill. 
Sm ilaclna racemosa ( L . ) D esf.
Solidago sero tin a  A it .
Solidago u llg in o sa  N utt.
Snhagnura spp.
S te l la r ia  lo n g i fo l ia  Muhl.
Thalictrum uolygamum Muhl.
Tsuga canadensis ( L . ) Carr.
Typha l a t i f o l i a  L.
Vaccinium spp.
V aleriana u lig in o sa  (T. & G .) Rydb. 
Viburnum ca ssin o id es  L.
V iola  spp.

Great Solomon’ s sea l 
Balsam poplar  
American aspen 
Shrubby c in q u efo il 
H e a l-a ll
Wild black cherry 
T a ll buttercup  
Buckthorn

Dwarf raspberry

P itch er-p la n t  
Bulrush 
Skullcap  
Golden ragwort 
Blue-eyed grass 
F a lse  spikenard 
Golden rod 
Golden rod

Chickweed
T a ll meadow rue
Hemlock
Common c a t - t a i l

Swamp v a ler ia n  
Wild r a is in


