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ABSTRACT 

The Maybeso C r e e k  v a l l e y  was l o g g e d  from 1953  t o  1960. Stream maps 
showing l a r g e  a c c u m u l a t i o n s  o f  d e b r i s  and stream c h a n n e l  f e a t u r e s  were 
made i n  1949 and upda ted  to  1960. The o b j e c t i v e s  of t h i s  paper are t o  
document t h e  effects  of n a t u r a l  and l o g g i n g  d e b r i s  on  c h a n n e l  morphom- 
e t r y  and t o  examine  t h e  f a t e  of l o g g i n g  d e b r i s  d u r i n g  and a f t e r  log- 
g i n g .  Map s e c t i o n s  f rom 1949 t h r o u g h  1963  are examined and compared 
w i t h  a ground s u r v e y  i n  1978 o f  d e b r i s  a c c u m u l a t i o n s .  

N a t u r a l  c o n d i t i o n s  b e f o r e  l o g g i n g  r e v e a l e d  sparse a c c u m u l a t i o n s  of 
l a r g e  d e b r i s  s c a t t e r e d  t h r o u g h o u t  t h e  stream; t h e s e  a c c u m u l a t i o n s  
i n c r e a s e d  i n  number and d e n s i t y  d u r i n g  l o g g i n g .  N a t u r a l  material  
a p p e a r e d .  t o  be w e l l  c o n t r o l l e d  and s tab le ;  whereas ,  l o g g i n g  d e b r i s  was 
f l o a t a b l e .  Year- to- year c h a n g e s  i n  a c c u m u l a t i o n s  were n o t e d  th rough-  
o u t  t h e  p e r i o d  of l o g g i n g  from 1953 to  1969. Fewer a c c u m u l a t i o n s  were 
o b s e r v e d  i n  1978  t h a n  i n  1949,  b e f o r e  t h e  s t a r t  o f  l o g g i n g .  F u r t h e r  
s t u d i e s  are  needed  to  q u a n t i f y  p h y s i c a l  c h a n g e s  and t o  relate t h e s e  
c h a n g e s  t o  salmon h a b i t a t .  

KEYWORDS: Logging (- e r o s i o n ,  e r o s i o n- )  f o r e s t r y  methods ,  s e d i m e n t a-  
t i o n ,  morphometry. 
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Most u n d i s t u r b e d  stream s y s t e m s  i n  s o u t h e a s t  A l a s k a  f l o w  t h r o u g h  
p r e d o m i n a n t l y  o ld- growth  spruce- hemlock f o r e s t s .  Dur ing  t h e  n a t u r a l  
c o u r s e  of e v e n t s ,  t h e s e  s y s t e m s  are exposed  to  o r g a n i c  i n p u t s ,  r a n g i n g  
from n e e d l e s  to  material  t h e  s i z e  of trees. I n  t h e  pas t ,  t i m b e r  
h a r v e s t  h a s  l e f t  s u b s t a n t i a l  amounts  o f  a d d i t i o n a l  o r g a n i c  d e b r i s  i n  
stream c h a n n e l s .  

I n  t h i s  paper I d i s c u s s  t h e  role o f  l a r g e  debr i s  ( t ree  boles and 
root wads) i n  t h e  m o r p h o l o g i c a l  changes  i n  Maybeso C r e e k ,  P r i n c e  of 
Wales I s l a n d ,  A l a s k a .  M y o b j e c t i v e s  are to: 

1. Document t h e  g e n e r a l  c h a n g e s  i n  morphometry of t h e  stream c h a n n e l  

2. Examine t h e  f a t e  of n a t u r a l  a c c u m u l a t i o n s  o f  l a r g e  d e b r i s  d u r i n g  

3. D i s c u s s  t h e  i n f l u e n c e  o f  a c c u m u l a t i o n s  o f  n a t u r a l  and l o g g i n g  

as  a r e s u l t  o f  a c c u m u l a t i o n s  of n a t u r a l  and l o g g i n g  d e b r i s .  

and  a f t e r  timber h a r v e s t .  

d e b r i s  o n  s t a b i l i t y  of streams. 

The role of l a r g e ,  o r g a n i c  debr i s  i n  stream c h a n n e l  morphometry i n  
s o u t h e a s t  A l a s k a  h a s  n o t  been  w e l l  documented,  b u t  e a r l y  w o r k  o n  
Maybeso C r e e k  p r o v i d e s  some b a s e l i n e  i n f o r m a t i o n .  James (1956) 
reported some e a r l y  o b s e r v a t i o n s  of debr is  a c c u m u l a t i o n s  and  t h e i r  
effect  o n  t h e  stream c h a n n e l  i n  Maybeso C r e e k .  H e  d i s c u s s e d  t h e  role 
o f  l a r g e  d e b r i s  i n  c r e a t i n g  pools and  p r o v i d i n g  c o v e r  for a d u l t  salmon.  

B i s h o p  and  S h a p l e y  (1963) created a series o f  a r t i f i c i a l  debr is  jams 
i n  Maybeso C r e e k  t o  examine changes  i n  c h a n n e l  morphometry. S c o u r i n g  
o c c u r r e d  unde r  and  a round  jams, accompanied by downstream deposition 
of bed load .  A f l a t  r i f f l e  w i t h  a n  u n s t a b l e  s t r eambed  was created 
a f te r  t h e  jam washed o u t  d u r i n g  f l o o d s  i n  t h e  autumn. T h e i r  w o r k  was 
f u r t h e r  reported by Helmers ( 1 9 6 6 ) ,  who conc luded  t h a t  jams i n c r e a s e d  
i n s t a b i l i t y  d u r i n g  f l o o d s  and p roduced  s t r eambed  c u t t i n g .  H e  found a 
d e c r e a s e  i n  f i n e  s e d i m e n t s  f o l l o w i n g  washout .  

The most r e c e n t  s t u d i e s  o f  t h e  role o f  l a r g e ,  o r g a n i c  d e b r i s  i n  
streams i n  t h e  Cascade Ranges of w e s t e r n  Oregon show t h a t  l a r g e  d e b r i s  
slows water movement and  t r aps  and stores f i n e ,  o r g a n i c  material 
(Swanson and Lienkaemper 1978,  Swanson e t  a l .  1 9 7 6 ) .  Large  d e b r i s  c a n  
be a s t a b i l i z i n g  or d e s t a b i l i z i n g  a g e n t  i n  stream c h a n n e l s ,  depend ing  
o n  t h e  amount and  p l acemen t  i n  t h e  stream. The g r e a t e s t  adverse 
e n v i r o n m e n t a l  e f f e c t  o f  l a r g e  debr is  is f rom d e b r i s  t o r r e n t s  t h a t  
c o m p l e t e l y  f l u s h  o u t  small,  steep streams i n  w e s t e r n  Oregon. 



F r o e h l i c h  (1975) d i s c u s s e d  some methods o f  measur ing  t h e  q u a n t i t y  o f  
o r g a n i c  d e b r i s  and t h e  d i f f e r e n c e s  i n  d e b r i s  l o a d i n g  r e s u l t i n g  from 
d i f f e r e n t  l o g g i n g  sys t ems .  I n  a d d i t i o n ,  he c i t e d  w i n d f a l l ,  i n s e c t  
i n f e s t a t i o n s ,  and  w i l d f i r e  i n  s e v e r a l  a reas  i n  Oregon as n a t u r a l  
c a u s e s  o f  c a t a s t r o p h i c  i n p u t s  of l a r g e  d e b r i s  t h a t  would o t h e r w i s e  
a c c u m u l a t e  a t  a slower r a t e  from n a t u r a l  t r ee  m o r t a l i t y .  

From t h e s e  s t u d i e s  it is a p p a r e n t  t h a t  a s  l a r g e  pieces of d e b r i s  
e n t e r  a c h a n n e l ,  g r a v e l  s t r e a m b e d s  are s c o u r e d  and banks  may be  e r o d e d  
a s  stream water f l o w s  a r o u n d ,  unde r ,  or o v e r  t h e  b lock .  S t a b l e  d e b r i s  
c a n  form r e l a t i v e l y  l o n g- l i v e d  bed and bank f e a t u r e s  by c o n t r o l l i n g  
f lows .  Channel  i n s t a b i l i t y  i n c r e a s e s  w i t h  i n c r e a s e d  movement o f  
d e b r i s .  

Helmers (1966) c i t e d  t h e  p o t e n t i a l  f o r  r e d u c t i o n  o f  f i n e s  t h r o u g h  
i n c r e a s e d  movement o f  g r a v e l  a s  a p o s s i b l e  b e n e f i t  for o v e r w i n t e r  
s u r v i v a l  o f  sa lmon e g g s  and embryos. Both Helmers (1966) and  H a l l  and  
Baker  (1975)  p o i n t e d  o u t  t h e  d e t r i m e n t a l  e f f e c t s  o f  d e b r i s - i n d u c e d  
s c o u r  d u r i n g  i n c u b a t i o n  and t h e  m o r t a l i t y  o f  embryos r e s u l t i n g  f rom 
movement o f  l o g  jams d u r i n g  f l o o d s .  

B i o l o g i c a l  and  p h y s i c a l  e f f e c t s  o f  l a r g e  d e b r i s  i n  streams were 
d i s c u s s e d  by Narver  ( 1971 )  and H a l l  and B a k e r  (1975) .  They c i t e d  
examples  o f  improved h a b i t a t  when a c c u m u l a t i o n s  o f  l a r g e  d e b r i s  
i n c r e a s e d  c o v e r  i n  b o t h  r e a r i n g  h a b i t a t  and o v e r w i n t e r i n g  areas f o r  
j u v e n i l e  coho  salmon (Oncorhynchus k i s u t c h )  

Al though s e v e r a l  reports c i t e d  d e b r i s  jams a s  b l o c k s  to  p a s s a g e  of 
f i s h  (Merrell 1951,  H o w e l l  e t  a l .  1965) , many jams do  n o t  b lock  f i s h  
pas sage .  Narver  (1971) p o i n t e d  o u t  t h a t  l o g  jams b l o c k  f i s h  p a s s a g e  
when g r a v e l  is dammed beh ind  t h e  b l o c k ,  c r e a t i n g  f a l l s .  I n  most 
c i r c u m s t a n c e s ,  streams d e v e l o p  c h a n n e l s  under  or a round  a jam. 
Natura l  a c c u m u l a t i o n s  w i t h  r e l a t i v e l y  l o w  c o n c e n t r a t i o n s  o f  l o g s  are 
u n l i k e l y  t o  r e s u l t  i n  a b l o c k i n g  jam. 

DESCRIPTION OF THE STUDY AREA 

Maybeso C r e e k  is l o c a t e d  n e a r  Hollis o n  P r i n c e  of Wales I s l a n d ,  
a p p r o x i m a t e l y  67 km ( 4 2  m i )  west of Ke tch ikan ,  Alaska ( f i g . 1) . The 
main stem of Maybeso C r e e k  i s  a p p r o x i m a t e l y  8 . 3  km ( 5  m i )  l o n g  and 
d r a i n s  a b o u t  42 km2 (16  m i 2 )  o f  a U-shaped v a l l e y .  Mean summer 
d i s c h a r g e  i s  a p p r o x i m a t e l y  2 407 l i t e r s / s  (85  f t 3 / s )  . D i s c h a r g e  
r eg imes  a r e  h i g h l y  v a r i a b l e ,  and f a l l  storms f r e q u e n t l y  resul t  i n  peak 
d i s c h a r g e s  i n  e x c e s s  of 22 656 l i t e r s / s  ( 8 0 0  f t 3 / s )  (James 1956)  . 
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F i g u r e  1.--Location of Maybeso Creek ,  Prince of Wales Island. 
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Early studies estimated pink (Oncorhynchus gorbuscha) and chum 
salmon (O. keta) escapements from 0 to 2,700 (Meehan et al. 1969). 
Coho salmon and Dolly Varden char (Salvelinus malma) were observed in 
1978. Cutthroat trout (Salmo clarki) also occur in Maybeso Creek. 

Maybeso Creek from the intertidal zone to about 1 000 m (3,281 ft) 
upstream is heavily influenced by bedrock. Just below the present 
location of the main road bridge on the Hollis to Craig road (fig. 2) , 
about 75 m (246 ft) upstream from mean high tide, the channel is 
constricted through bedrock, which at low flows acts as a partial 
block to migration of pink and chum salmon. 

Logging was begun in the Maybeso Valley in 1953 and continued 
through 1963 (Meehan et al. 1969); nearly all merchantable timber was 
removed for a distance of 7.24 km (4.5 mi) along both sides of the 
stream (shaded area, fig. 2). A small area of large old-growth timber 
was left along approximately 800 m (2,625 ft) on both sides of the 
streambank. Remaining uncut areas along the stream were usually 
muskeg or small unmerchantable trees. 

The dominant streamside vegetation is red alder (Alnus rubra), 
salmonberry (Rubus spectabilis), stink currant (Ribes bracteosum), and 
thimbleberry (Rubus parviflorus) interspersed with regrowth of Sitka 
spruce (Picea sitchensis) and western hemlock (Tsuga heterophylla). 

4 



Figure 2.—Maybeso Creek watershed.
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METHODS 

Mapping o f  Maybeso C r e e k  was s t a r t e d  i n  1949. I n  t h e  f o l l o w i n g  
y e a r s ,  t h e s e  maps were u p d a t e d  a n n u a l l y  t h r o u g h  1960.  The maps were 
drawn to  1:600 scale w i t h  a p l a n e  t a b l e  and a l i d a d e  and show l o c a t i o n s  
of l a r g e  o r g a n i c  d e b r i s  and p r i m a r y  stream f e a t u r e s ,  s u c h  as  bedrock ,  
g r a v e l  bars ,  and s t r e a m s i d e  v e g e t a t i o n .  The map s e c t i o n s  b e g i n  a t  
t i d e w a t e r  and e x t e n d  u p s t r e a m  a p p r o x i m a t e l y  5.5 km (3 .4  m i )  As 
l o g g i n g  p r o g r e s s e d ,  c h a n g e s  i n  t h e  p h y s i c a l  f e a t u r e s  o f  t h e  stream 
were n o t e d ,  and map s e c t i o n s  were redrawn. Much o f  t h i s  paper 
i n t e r p r e t s  t h e s e  c h a n g e s  and  t h e  i n f l u e n c e  of l o g g i n g  d e b r i s  o n  t h e  
stream d u r i n g  t h i s  p e r i o d .  

I n  1978  w e  walked t h e  s y s t e m  w i t h  copies o f  t h e  1949 map ser ies ,  t h e  
1960 maps, and a set of a e r i a l  pho tographs .  During t h i s  s u r v e y  
a b s e n c e  or p r e s e n c e  o f  a c c u m u l a t i o n s  of d e b r i s  were n o t e d  and comments 
o n  g e n e r a l  stream morphometry r e c o r d e d  and compared w i t h  c o n d i t i o n s  
shown i n  t h e  map s e c t i o n s .  Mapping was n o t  done d u r i n g  t h i s  s u r v e y .  

RESULTS AND DISCUSSION 

1949 

I n  t h e  1949 map s e c t i o n s ,  no  major a c c u m u l a t i o n s  o f  d e b r i s  t h a t  
i n f l u e n c e d  c h a n n e l  morphometry appear i n  t h e  f i r s t  1 000  m ( 3 , 2 8 1  f t )  
o f  Maybeso Creek.  I n d i v i d u a l  pieces were i n t e r s p e r s e d  a l o n g  t h e  bank 
and  smal l  a c c u m u l a t i o n s  o f  o n e  or t w o  pieces o c c u r r e d  a t  s h a r p  bends .  
The f i r s t  a c c u m u l a t i o n  across t h e  stream o c c u r r e d  a t  800 m ( 2 , 6 2 5  f t ) .  
Flows f o l l o w e d  a c o u r s e  under  t h e  l o g s ;  g r a v e l  bars formed a r o u n d  t h e  
a c c u m u l a t i o n  ( f i g .  3 ) .  T h i s  area is  i n f l u e n c e d  p r i m a r i l y  by bedrock ,  
i n d i c a t e d  by t h e  c r o s s h a t c h  m a r k s  o n  t h e  map. 

lThe  map s e c t i o n s  are i d e n t i f i e d  by s h e e t  numbers i n  f i g u r e s  3-10 and  
f i g u r e  15. These  a re  t h e  numbers o n  t h e  o r i g i n a l  maps, and t h e y  remain 
t h e  same from y e a r  t o  y e a r  for e a c h  l o c a t i o n .  They are p r o v i d e d  h e r e  
for compar i son  w i t h  t h e  t e x t  and a lso so a reader c o u l d  r e f e r  t o  t h e  
o r i g i n a l  maps for s t u d y .  
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Figure 3.--Lower Maybeso Creek at the gage house, 1949. 
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The f i r s t  accumulation of more than f ive  logs occurred a t  about 
1 0 0 0  m ( 3 , 2 8 1  f t )  upstream ( f i g .  4 )  where eight  large t r e e s  were 
across the stream. Although the channel was shown t o  flow under the 
log accumulation i n  the 194 9  map, i t  appears tha t  the immediate 
influence was t o  de f l ec t  the flow over what is  shown i n  the map as  a 
sand and gravel bar. T h i s  accumulation appears t o  have deflected h i g h  
flows over pa r t s  of the gravel  bar. A s e r i e s  of pools and eddies have 
been formed by the accumulation. 

For the next several  hundred meters the primary influence of debr is  
was from fa l l en  t r ees  well embedded i n  the bank acting as  de f l ec to r s  
and causing formation of pools and gravel  bars ( f i g .  5 ) .  Gravel 
deposition and storage accompanied by pool formations occurred a s  
debr is  disrupted flow. Without debris  influence, the channel was 
scoured t o  bedrock w i t h  l i t t l e  or no gravel deposition ( f i g .  5 ) .  

Accumulations of debris  a t  2 000 m r e s t r i c t e d  flows and caused the 
stream t o  braid or  create a s e r i e s  of i s l e t s  and small channels above 
and around the accumulation ( f i g .  6 ) .  An a l ternat ing  pat tern  of 
na tura l  blowdown and open areas ( f igs .  4 and 5) continued upstream for  
most of the remaining stream sections. 

Natural accumulations may begin w i t h  blowdown; these i n  turn erode 
the bank under root systems. A s  root systems are undercut, addi t ional  
blowdown w i l l  be directed in to  the stream, further  intensifying inputs  
of la rge  debris  i n  a r e s t r i c t ed  area ( f i g .  6 ) .  

Sparse natura l  accumulations appear t o  be re la t ive ly  s table .  Where 
large  debr is  is embedded i n  the channel bank, year-to-year changes i n  
the channel topography as  a r e s u l t  of flooding and erosion decline. 
These accumulations tend t o  de f l ec t  flows and cause gravel deposition 
as  hydraulic energy i s  dissipated ( f i g .  6 ) .  These accumulations are 
s t ab le  enough t o  allow establishment of alder  on the gravel 
depositions. Root systems of alder  may further  enhance s t a b i l i t y  of 
gravel bars. As these areas s t a b i l i z e ,  new material  f a l l ing  in to  the 
channel a s  a r e su l t  of streambank undercutting and blowdown 
accumulates a t  a slower ra te .  
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Figure 4.--Pools and eddies formed by large debr i s ,  
Maybeso Creek, 1949. 
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50 FEET 

F i g u r e  5.--Pool and g r a v e l  f o r m a t i o n  by  n a t u r a l  i n p u t  o f  t r e e - s i z e  d e b r i s .  
Maybeso Creek ,  1949.  
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' Y  - 

F i g u r e  6.- - Side c h a n n e l  and i s l a n d s  formed by  n a t u r a l  i n p u t s  i n  1949 
and e f f e c t s  o f  heavy c o n c e n t r a t i o n s  of l o g g i n g  d e b r i s  i n  1960.  
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Seven teen  d e b r i s  a c c u m u l a t i o n s  o f  f o u r  or more l o g s  were c o u n t e d  o n  
t h e  1949 maps between t h e  main road b r i d g e  and t h e  150 road b r i d g e  
upstream ( t a b l e  1) . James (1956)  r e c o r d e d  9 jams c o n t a i n i n g  1 0  or 
more l o g s  3 m (9.84 f t )  or more i n  l e n g t h  i n  1949 and 16 jams of 10 or 
more l o g s  i n  1953 immedia te ly  b e f o r e  l o g g i n g .  

T a b l e  1- -Accumulat ions of l a r g e  d e b r i s  e x t e n d i n g  across Maybeso C r e e k  
between t h e  main r o a d  and t h e  150 road  b r i d g e  b e f o r e ,  d u r i n g ,  and 
a f t e r  l o g g i n g  

4 or more l o g s  10  or more l o g s 1 /  Year 

1949 ( b e f o r e  l o g g i n g )  
1953 ( d u r i n g  l o g g i n g )  
1956 ( d u r i n g  l o g g i n g  
1960 ( a f t e r  l o g g i n g )  
1978 ( a f t e r  l o g g i n g )  

1 7  
24 
34 
29 

4 

1/Numbers i n  p a r e n t h e s e s  

1960 

The number and s i z e  o f  m 

are from James (1956)  . 

jor accum u l a t i o n s  o f  d e b r i s  i n c r e a s e d  
be tween 1953 and 1960 ( t ab le  1). The 1960 maps showed 29 
a c c u m u l a t i o n s  of f o u r  or more l o g s  e x t e n d i n g  across t h e  w i d t h  o f  t h e  
stream between t h e  main road b r i d g e  and t h e  150 road  b r i d g e .  A jam 
c o n t a i n i n g  5-10 l o g s  i n  1949 commonly i n c l u d e d  more t h a n  20-30 l o g s ,  
trees,  and root wads i n  1960 a f t e r  l o g g i n g  ( f i g s .  6 and 7). 
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Figure 7.--Concentration of logging debris at a natural debris accumulation. 
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I n  t h e  downstream s e c t i o n s ,  bedrock  c o n t i n u e d  t o  be t h e  dominan t  
f e a t u r e .  N o  a c c u m u l a t i o n s  r eached  c o m p l e t e l y  across t h e  stream, b u t  
t h e  number of l o g s  a n d  root wads p r o j e c t i n g  i n t o  t h e  stream from t h e  
bank i n c r e a s e d  compared w i t h  1949. M o s t  l a r g e r  a c c u m u l a t i o n s  i n  t h i s  
s e c t i o n  were p r o b a b l y  washed o u t  by f l o o d s  and t h e  impact of l a r g e  
d e b r i s  moving downstream d u r i n g  f l o o d s .  I n  t h i s  area,  t h e  b e d r o c k  
c o n f i g u r a t i o n  c o n c e n t r a t e s  flows t h r o u g h  a r e l a t i v e l y  res t r ic ted area 
and t h u s  i n t e n s i f i e s  t h e  e f f e c t  o f  f l o o d s  o n  any  a c c u m u l a t i o n s  o f  
d e b r i s .  

Above t h e  f i r s t  1 000 m, a c c u m u l a t i o n s  o f  l a r g e  d e b r i s  began to  
appear o n  t h e  1960 maps. N a t u r a l  jams (as  shown i n  f i g .  7) f r e q u e n t l y  
s i e v e d  f l o a t e d  d e b r i s  and  formed massive jams. The m a r g i n a l  n o t e s  o n  
map s e c t i o n  24 ( f i g .  7 )  show a s t e a d y  i n c r e a s e  f rom 30 logs i n  1955 t o  
70 l o g s  i n  1958.  A s imi lar  s i t u a t i o n  o c c u r r e d  a t  map s e c t i o n  13  
( f i g .  4 ) .  I n  1956,  y a r d i n g  i n  and a round  t h i s  s e c t i o n  a l t e red  t h e  
stream d r a s t i c a l l y  ( f i g .  8 ) .  S e v e r e  bank c u t t i n g  a l o n g  t h e  n o r t h  e d g e  
of t h e  stream a s  a r e s u l t  of y a r d i n g  across t h e  stream and removal  of 
d e b r i s  i n  t h e  stream c a u s e d  e x t e n s i v e  c h a n g e s  i n  t h e  c h a n n e l .  

R e l a t i v e l y  l i t t l e  change  o c c u r r e d  i n  t h e  u p s t r e a m  area where  muskegs 
and b e a v e r  ponds  border t h e  bank. Some n o t i c e a b l e  downstream movement 
o f  d e b r i s  o c c u r r e d .  Comparison o f  t h e  1949 and 1960 map s e c t i o n s  
( f i g .  9 )  showed l i t t l e  movement o f  d e b r i s  or new i n p u t .  

From 1949 t o  1960,  jams became l a r g e r  and more f r e q u e n t  i n  t h e  
ups t ream sections. Areas w i t h  n a t u r a l  blowdown and b r a i d i n g  were 
c o m p l e t e l y  o c c l u d e d  by d e b r i s  a s  small s ide c h a n n e l s  were f i l l e d  w i t h  
s l a s h  and heavy d e b r i s  ( f i g .  7 ) .  A s  a r e s u l t ,  t h e  main c h a n n e l  was 
f r e q u e n t l y  r e r o u t e d  and  f l o w  d i v e r t e d  away from side c h a n n e l s .  
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F i g u r e  8.--Map s e c t i o n  1 3  i n  1960 showing r e s u l t s  of y a r d i n g  
and  remova l  of d e b r i s  i n  Maybeso Creek .  F i g u r e  4 shows 
1949 c o n d i t i o n s  i n  t h i s  s e c t i o n .  15 
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F i g u r e  9.--Maybeso Creek, 1949 and 1960,  a t  low l e v e l s  
of d e b r i s  l o a d i n g .  
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Although new jams were recorded o n  t h e  1960 maps, t h e  l a r g e s t  
a c c u m u l a t i o n s  o c c u r r e d  a t  p o i n t s  where n a t u r a l  d e b r i s  had accumu- 
lated.  M o s t  new jams o c c u r r e d  a t  g r a v e l  b a r s .  Jams g e n e r a t e d  by 
l o g g i n g  debr is  g e n e r a l l y  a p p e a r e d  t o  be  less  s t a b l e  o n  a yea r- to- yea r  
basis t h a n  t h o s e  c r e a t e d  n a t u r a l l y .  The r e l a t i v e  i n s t a b i l i t y  of 
l o g g i n g  debr is  is i l l u s t r a t e d  by t h e  map s e c t i o n  series i n  f i g u r e  10.  
Logging d e b r i s  began t o  a c c u m u l a t e  i n  1953. A f t e r  t h e  f i r s t  a d d i t i o n  
o f  d e b r i s ,  t h e  jam and c h a n n e l  began to  g r a d u a l l y  s h i f t .  Another  
c h a n n e l  was c u t  a l o n g  t h e  n o r t h  bank w i t h  s u b s t a n t i a l  g r a v e l  movement 
as  flows were redirected. Over t h e  11- year period shown i n  f i g u r e  1 0 ,  
c o n s i d e r a b l e  movement o c c u r r e d  w i t h i n  t h e  jam as i n d i v i d u a l  pieces 
moved i n t o  and o u t  o f  it. Most of t h e  d e b r i s  a c c u m u l a t i o n  shown i n  
f i g u r e  1 1 was f l o a t a b l e ,  l a r g e  t r e e - s i z e  material. Dur ing  f a l l  
floods, t h i s  material becomes h i g h l y  mobile.  

The major e f f e c t s  o f  l o g g i n g  d e b r i s  jams were c h a n g e s  i n  t h e  
c h a n n e l ,  bank e r o s i o n ,  and s c o u r ,  a g g r a v a t e d  by washout  of accumula-  
t i o n s  of u n s t a b l e  l a r g e  d e b r i s .  A f t e r  1961, l o g g i n g  i n  t h e  v a l l e y  was 
reduced  and new i n p u t s  of d e b r i s  d e c r e a s e d  a c c o r d i n g l y .  

1978 

The o b s e r v a t i o n s  are based o n  a p e r s o n a l  on- the- ground 
r e c o n n a i s s a n c e .  Because  mapping was d i s c o n t i n u e d  w i t h  t h e  1960 map 
series, no comparable maps were a v a i l a b l e  for c o n d i t i o n s  i n  1978. 
C o p i e s  of t h e  1949 and 1960 series were used as r e f e r e n c e s  d u r i n g  t h e  
r e c o n n a i s s a n c e .  Where c h a n g e s  were o b s e r v e d ,  n o t e s  were made o n  t h e  
map s h e e t s .  Aerial p h o t o g r a p h s  t a k e n  a t  v a r i o u s  times before and 
af ter  l o g g i n g  were also used  as  r e f e r e n c e s .  
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F i g u r e  10 . - -Evo lu t ion  of l o g g i n g  d e b r i s  jam, 1949-60. 
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F i g u r e  10. - -Continued.  
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Figure ll.--Aerial photograph of map section 34, Maybeso Creek, 1961. 
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I n  1978,  many of t h e  l a r g e  d e b r i s  jams shown i n  t h e  1960 map 
s e c t i o n s  were a b s e n t .  Fu r the rmore ,  t h e r e  were fewer  a c c u m u l a t i o n s  i n  
1978 t h a n  i n  1949 ( t ab le  1). I n  some places, c h a n g e s  were so g r e a t  
t h a t  it was d i f f i c u l t  t o  locate ground p o s i t i o n  w i t h  e i t h e r  set  o f  
maps. S e c t i o n s  where a jam was shown i n  t h e  1960 map would commonly 
be r e p l a c e d  by a s t r a i g h t  r i f f l e  a r e a  w i t h  overgrown banks .  

I n s p e c t i o n  o f  s t r eambank  areas r e v e a l e d  t h a t  s u b s t a n t i a l  amounts of 
d e b r i s  had been i n c o r p o r a t e d  i n t o  t h e  p r e s e n t  bank s t r u c t u r e .  Most of 
t h i s  m a t e r i a l  had been thrown up  on t h e  bank d u r i n g  floods and was 
s u b s e q u e n t l y  b u r i e d  by f l o o d  p l a i n  deposits or reg rowth  of s h r u b s  
a l o n g  t h e  bank. A s  g r a v e l  was anchored  by d e b r i s ,  r eg rowth  o f  alder 
f u r t h e r  o b s c u r e d  debris .  

I n  1978,  t h e  stream c h a n n e l  i n  t h e  lower s e c t i o n  was s t i l l  predomi- 
n a n t l y  bedrock. Accumula t ions  o f  d e b r i s  shown a l o n g  t h e  bank i n  1960 
a p p e a r e d  t o  have  been e i t h e r  washed downstream or a s s i m i l a t e d  i n t o  t h e  
bank and  f l o o d  p l a i n .  I n  s e v e r a l  i n s t a n c e s ,  pieces shown p r o j e c t i n g  
i n t o  t h e  stream o n  t h e  1960 map were w e l l  decayed  and embedded i n  t h e  
bank. For t h e  most par t ,  t h e r e  were no remarkable c h a n g e s  i n  t h i s  
sect i o n  . 

Of t h e  few remain ing  jams i n  1978,  a l l  were o r i g i n a l l y  n a t u r a l  
a c c u m u l a t i o n s  t h a t  had i n c r e a s e d  i n  s i z e  a s  l o g g i n g  debr is  was washed 
downstream. Accumula t ions  c a u s e d  by l o g g i n g  were n o t  e v i d e n t  i n  
1978. These  a p p e a r e d  to  have been washed o u t  or, i n  some i n s t a n c e s ,  
may have  been removed d u r i n g  t h e  l o g g i n g  o p e r a t i o n .  

Above t h e  f i r s t  1 000 m ( 3 , 2 8 1  f t )  of stream, sparse ( w i t h  respect 
t o  1960)  t r e e - s i z e  d e b r i s  a c c u m u l a t i o n s  occurred on  g r a v e l  b a r s  
( f i g .  12)  . These  were g e n e r a l l y  above water d u r i n g  l o w  or modera te  
f lows.  They a p p e a r e d  t o  be s table  and,  i n  some cases, were p a r t i a l l y  
b u r i e d .  I t  is possible t h a t  s imilar  pieces may be embedded b e n e a t h  
t h e  g r a v e l  b a r s  ( f i g .  1 3 )  . 
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Figure 12.--Remnant accumulation of debris on a gravel bar 
in 1974. 

Figure 13.--Gravel bank anchored by partially buried roots 
of a down tree. 
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A l l  major c o n c e n t r a t i o n s  o f  n a t u r a l  debr i s  were a f f e c t e d  by l o g g i n g  
debris;  t h e r e f o r e ,  it was d i f f i c u l t  t o  d i r e c t l y  d e t e r m i n e  r e s i d e n c e  
t i m e  o f  a c c u m u l a t i o n s  o f  n a t u r a l  d e b r i s  i n  Maybeso C r e e k .  Trees 
growing o n  blowdowns across t h e  Shaheen R i v e r ,  located north of Hollis, 
were aged  a t  o v e r  70 y e a r s  i n  a n a t u r a l  a c c u m u l a t i o n  of l a r g e  d e b r i s .  

Accumula t ions  r ema in ing  i n  1978 i n  Maybeso C r e e k  appea red  r e l a t i v e l y  
s t a b l e .  The jam shown i n  t h e  1960 map s e c t i o n  i n  f i g u r e  6 a p p e a r e d  
l i t t l e  changed i n  1978 ( f i g .  1 4 ) .  These  areas were t y p i c a l l y  
c h a r a c t e r i z e d  by d e e p  pools w i t h  l a r g e  g r a v e l  d e p o s i t s  above  and below 
t h e  a c c u m u l a t i o n s .  I n  some cases s i d e  c h a n n e l s  were formed, b u t  t h i s  
d i d  n o t  appear to  be  as  common a s  i n d i c a t e d  i n  t h e  1949 map s e c t i o n  
( f i g .  6 ) .  Al though l o c a l  movement of g r a v e l  is l i k e l y ,  t h e  major 
pieces of debris  a p p e a r e d  t o  be w e l l  embedded, and waterflow was n o t  
s e v e r e l y  c o n s t r i c t e d  . 

Figure 14.--Residual accumulation in 1978. Area corresponds 
to jam shown in the lower section in figure 6. 
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Logging d e b r i s  commonly d e s t a b i l i z e d  e x i s t i n g  n a t u r a l  a c c u m u l a t i o n s  
o f  d e b r i s .  A s  a r e s u l t ,  many n a t u r a l  a c c u m u l a t i o n s  were e i t h e r  washed 
o u t  or became so c l o g g e d  t h a t  a new c h a n n e l  was formed. An example  o f  
t h i s  p r o c e s s  is shown i n  f i g u r e s  15  and  16.  The 1949 map s e c t i o n  
shows a r e l a t i v e l y  sparse,  e x t e n s i v e  a c c u m u l a t i o n  w i t h  a se r ies  o f  
s ide  c h a n n e l s  and  i s l a n d s .  I n  1960 t h i s  s e c t i o n  was c o m p l e t e l y  choked 
w i t h  debris .  By 1978 t h i s  area was r e c h a n n e l e d  i n t o  a r e l a t i v e l y  
s t r a i g h t  r i f f l e  s e c t i o n  shown by t h e  d a s h e d  l i n e  i n  f i g u r e  15. 
F i g u r e  1 6  shows a view o f  t h e  area i n  1978.  

I n v e s t i g a t i o n  of t h e  bank area r e v e a l e d  e v i d e n c e  of t h e  s i d e  
c h a n n e l s  and i s l a n d s .  I s l a n d s  were i d e n t i f i e d  by p a t c h e s  of spruce 
and hemlock. Tree cores t a k e n  d u r i n g  t h e  1978 s u r v e y  showed t h a t  many 
o f  t h e s e  t rees  were a t  l e a s t  60 y e a r s  o ld .  S u r r o u n d i n g  areas  were 
overgrown by a l d e r  o f  v a r i o u s  a g e s ,  b u t  u s u a l l y  t h e s e  were less t h a n  
25 y e a r s  o l d .  S i d e  c h a n n e l s  were f i l l e d  w i t h  g r a v e l .  The e v i d e n c e  
s e e n  i n  t h i s  case and r e s i d e n c e  times o b s e r v e d  e l s e w h e r e  i n d i c a t e  t h a t  
u n d i s t u r b e d  n a t u r a l  a c c u m u l a t i o n s ,  s u c h  a s  t h o s e  s e e n  i n  t h e  1949 map 
s e c t i o n  i n  f i g u r e  15,  a re  r e l a t i v e l y  s t a b l e  f e a t u r e s .  

Throughout  t h e  c u t  areas,  o n l y  n e g l i g i b l e  amounts  of new d e b r i s  
a f t e r  l o g g i n g  were o b s e r v e d .  I n  t h e  u n c u t  t i m b e r e d  area,  new blowdown 
was e v i d e n t  ( f i g .  1 7 )  . N e w  d e b r i s  was res t r ic ted to  less  t h a n  20 m of 
t h e  stream l e n g t h  b u t  e x t e n d e d  c o m p l e t e l y  across t h e  c h a n n e l .  The 
e f f e c t  o n  t h e  stream is p a r t l y  i l l u s t r a t e d  i n  f i g u r e  1 7  by t h e  b u i l d u p  
o f  g r a v e l  i n  t h e  f o r e g r o u n d .  I n  a d d i t i o n ,  l o g g i n g  d e b r i s  was 
c o l l e c t i n g  i n  t h e  jam. I n d i v i d u a l  l o g s  f rom t h e  150 road b r i d g e ,  
which was l o c a t e d  a p p r o x i m a t e l y  2 000 m (6 ,562  f t )  ups t ream,  were 
o b s e r v e d  i n  t h e  jam. The area a round  t h e  jam a p p e a r e d  to  be a c t i v e ,  
w i t h  bank c u t t i n g  a l o n g  t h e  n o r t h  s i d e  and scour under  t h e  jam. N o  
e v i d e n c e  o f  b r a i d i n g  was o b s e r v e d .  

Alder appeared t o  b e  most e f f e c t i v e  i n  m a i n t a i n i n g  g r a v e l  bars  and 
g r a v e l  b a n k s  b u t  was i n e f f e c t i v e  i n  c u t  bank areas and  was e a s i l y  
u n d e r c u t .  Where a c t i v e  c u t t i n g  occurred, a lder  d i d  n o t  appear t o  
c o n t r i b u t e  to  s t a b i l i t y .  
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Figure 15.--Map sections of Maybeso Creek showing effects 
debris on natural accumulation and change in channel. 

of logging 
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Figure 16.--View from downstream into the area shown on the 
map sections in figure 15. 

Figure 17.--Input of large debris to Maybeso Creek observed 
in 1978. 
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F i g u r e  1 8  shows t h e  p r i m a r y  l a r g e  d e b r i s  i n p u t  t o  Maybeso C r e e k  
f o l l o w i n g  l o g g i n g .  Bank c u t t i n g  h a s  t i p p e d  s m a l l  hemlock i n t o  t h e  
stream. T h i s  mater ia l  is e a s i l y  f l o a t e d  and w i l l  n o t  appear a s  a 
s t a b l e  f e a t u r e  a s  d i d  t h e  l a r g e  s p r u c e  and hemlock blowdown shown 
t h r o u g h o u t  t h e  1960 map s e c t i o n s .  I t  is a p p a r e n t  t h a t  small,  young 
hemlock and a l d e r  d o  n o t  r e p l a c e  o ld- growth S i t k a  s p r u c e  and hemlock 
a s  a source of l a r g e  d e b r i s .  

 F i g u r e  1 8 . - - I l l u s t r a t i o n  of s t r eambank  u n d e r c u t t i n g  a l o n g  
Maybeso Creek  i n  1978.  
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Timber harvest has caused extensive changes i n  the stream channel of 
Maybeso Creek. Some of these changes may have been imposed by 
equipment operating i n  the stream, b u t  most were related t o  accumula- 
t ions  of large debris.  Natural accumulations appeared s tab le  compared 
w i t h  those created by logging debris .  Throughout logging, natura l  
accumulations collected large amounts of logging debris  and subse- 
quently washed out .  

The absence of old-growth fo res t  along the streambank e f fec t ive ly  
eliminated new accumulations. The decrease i n  the number of 
accumulations of large  debr is  a f t e r  logging is apparent i n  table  1. 
A s  these accumulations are d iss ipated,  pools formed around 
accumulations of large debris  w i l l  be replaced by r i f f l e s ;  t h u s ,  there 
w i l l  be a net increase i n  r i f f l e  areas. As these areas s t a b i l i z e ,  the 
stream channel morphology w i l l  be determined by rock formations and 
s treamban k . 

I t  was evident t ha t  large  quan t i t i e s  of t ree- size material  had been 
assimilated between 1960  and 1978,  e i the r  w i t h i n  the stream or along 
the banks. Although amount of debr is  throughout the act ive channel 
has decreased, debr is  along the bank and projecting in to  the channel 
s t i l l  plays a ro le  i n  channel morphometry. I n  some cases, i t  w i l l  
contr ibute t o  bank s t a b i l i t y .  These areas w i l l  a l so  contribute t o  the 
formation o f -poo l  areas important t o  juvenile salmonids. 

The observations of events following logging on Maybeso Creek show 
tha t  accumulations of large  natura l  debr is  play an act ive  role  i n  
channel morphometry and form re la t ive ly  s tab le  fea tures ,  s u c h  as  pools 
and s ide  channels. Natural debr is  accumulations are most severely 
affected by large f loa tab le  logging debr is ,  whereas bedrock areas are 
generally unaffected. 

28 



N a t u r a l  d e b r i s  a c c u m u l a t i o n s  s i e v e d  f l o a t a b l e  l o g g i n g  d e b r i s  which 
c r e a t e d  m a s s i v e  jams t h a t  became u n s t a b l e  and washed o u t .  A f t e r  
l o g g i n g ,  a c c u m u l a t i o n s  of l a r g e  d e b r i s  d e c r e a s e d  i n  s i z e  and number. 
The few remain ing  i n  Maybeso C r e e k  are remnan t s  o f  o l d  n a t u r a l  accumu- 
l a t i o n s .  

For  a f u l l  u n d e r s t a n d i n g  o f  t h e  s i g n i f i c a n c e  of t h e s e  changes ,  
a d d i t i o n a l  w o r k  remains :  (1) remapping t h e  stream to  p r o v i d e  a 
complete p i c t u r e  o f  t h e  c h a n g e s  i n  c h a n n e l  morphometry i n  t h e  l a s t  20 
y e a r s ,  ( 2 )  a n a l y z i n g  o r g a n i c  and f i n e  s e d i m e n t s  i n  r ema in ing  accumula-  
t i o n s ,  ( 3 )  compar ing  t h e  i n v e r t e b r a t e  and f i s h  p o p u l a t i o n s  of d e b r i s -  
formed pools and r i f f l e  areas, and ( 4 )  d e t e r m i n i n g  t h e  s u i t a b i l i t y  o f  
r i f f l e  areas as  spawning s i t es  for p i n k  and chum salmon.  Such s t u d i e s  
s h o u l d  re la te  t h e  p h y s i c a l  c h a n g e s  o b s e r v e d  o v e r  t h e  past  30 y e a r s  to  
t h e  p r o d u c t i v i t y  of t h e  sys tem.  
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Timber harvest has caused extensive changes i n  the stream channel of 
Maybeso Creek. Some of these changes may have been imposed by 
equipment operating i n  the stream, b u t  most were related t o  accumula- 
t ions  of large debris.  Natural accumulations appeared s tab le  compared 
w i t h  those created by logging debris .  Throughout logging, natura l  
accumulations collected large amounts of logging debris  and subse- 
quently washed out .  

The absence of old-growth fo res t  along the streambank e f fec t ive ly  
eliminated new accumulations. The decrease i n  the number of 
accumulations of large  debr is  a f t e r  logging is apparent i n  table  1. 
A s  these accumulations are d iss ipated,  pools formed around 
accumulations of large debris  w i l l  be replaced by r i f f l e s ;  t h u s ,  there 
w i l l  be a net increase i n  r i f f l e  areas. As these areas s t a b i l i z e ,  the 
stream channel morphology w i l l  be determined by rock formations and 
s treamban k . 

I t  was evident t ha t  large  quan t i t i e s  of t ree- size material  had been 
assimilated between 1960  and 1978,  e i the r  w i t h i n  the stream or along 
the banks. Although amount of debr is  throughout the act ive channel 
has decreased, debr is  along the bank and projecting in to  the channel 
s t i l l  plays a ro le  i n  channel morphometry. I n  some cases, i t  w i l l  
contr ibute t o  bank s t a b i l i t y .  These areas w i l l  a l so  contribute t o  the 
formation o f -poo l  areas important t o  juvenile salmonids. 

The observations of events fol-lowing logging on Maybeso Creek show 
tha t  accumulations of large  natura l  debr is  play an act ive  role  i n  
channel morphometry and form re la t ive ly  s tab le  fea tures ,  s u c h  as  pools 
and s ide  channels. Natural debr is  accumulations are most severely 
affected by large f loa tab le  logging debr is ,  whereas bedrock areas are 
generally unaffected. 
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